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EXECUTIVE SUMMARY 

This paper represents an attempt to consolidate 
research results concerning maize production from the past 
10 years in the Southern Highlands (SH) • The research 
ref erred to in the report has mainly been undertaken as a 
part of the work of the National Maize Research Program at 
the Uyole Agricultural Center. 

Five objectives guided the study: 

(1) Provide an overview of maize research in the area; 
(2) Summarize the major characteristics of the different 

farming systems and identify constraints in maize 
production; 

(3) Develop a basis for formulating maize production 
recommendations; 

(4) Suggest improvements of maize production for specific 
group of farmers; and 

(5) Review maize research work in view of identified 
needs and indicate future direction of experimental 
activities. 

Chapter one introduces the subject through brief 
sections on different aspects related to maize production. 
The importance of maize production in the SH is indicated; 
the flow of technical information on maize from research to 
extension and farmers is shown; and the need to consider 
farmers' circumstances in formulating recommendations for 
groups of farmers is pointed out. 

Chapter two summarizes present knowledge on maize 
production technology for the SH. A number of technical 
components for producing and storing maize are elaborated on 
in relation to a division of the area into four zones 
according to biological and environmental factors (with the 
exception of fertility) • The discussion is mainly based on 
the results of research activities in the area, and there 
are many references to tables and graphs. This chapter 
serves as a technical background together with the 
information in Annexes II and III. 

Chapter three is concerned with the effects of 
different levels of technology and management on maize 
yields and with an appropriate order of changes for 
intensifying maize production. A sequence of innovations is 
suggested (providing yields from 300 up to 4000 kg of maize) 
as a checklist for extension staff in advising farmers on 
suitable improvements of their production. It is maintained 
that farmers do not adopt "packages" of new technology but 
prefer to introduce changes in small steps. This makes it 
important for the extension service to understand the 
consequences for farmers of adopting single components or 
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parts of a "package" instead of the whole "package" of new 
technology. 

In chapters four, five, six, and seven maize production 
technology is discussed in relation to specific areas and 
groups of farmers. The four regions - Mbeya, Rukwa, Iringa 
and Ruvuma - are divided into several zones of which 16 are 
subject to individual discussions. The farming system is 
described, production limitations and possible innovations 
are indicated, and maize technology (in the form of suitable 
varieties, time of planting, and effects of fertilizers) is 
suggested. There are differences as to the completeness of 
the discussion between zones depending on available 
information. For some areas needed experiments for 
development of improved maize technology are pointed out. 

Finally, a number of recommendations are made (Chapter 
8) based on the study. They are presented under three 
headings: station research; adaptive research and on-farm 
testing; and improvement of the extension worker. 

Station research is proposed to focus on the following 
areas until adaptive research work identifies new 
constraints of higher priority: 

a) Intercropping of maize/phaseolus and maize/cowpea for 
the drier areas. 

b) Crop rotation of maize with row crops, emphasis on 
legumes. 

c) Rotation with annual green manure crops. 

d) Fertility studies to quantify interaction between 
nitrogen and variety, and nitrogen and time of 
planting, particularly for the drier areas. 

e) Identification of threshold levels for stalkborer 
control. 

f) Varietal testing and development for better stress 
tolerance, grain quality, and husk coverage. 

g) Studies of leaf and tassel removal on yield and their 
potential for livestock feed. 

It is concluded that the existing data base on maize is 
considerable but general. In order to better utilize the 
technical information generated over the past years to 
improve the production systems of farmers in different 
zones, .the research results need to be tested in on-farm 
trials and adapted to the particular circumstances facing 
specific groups of farmers. The difficulties of expanding 
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the total research capacity in the short and medium term 
leave reullocation of resources as the only realistic 
alternative for developing an effective on-farm research 
program with a farming systems perspective. A complementary 
way of increasing the capacity for adaptive experimentation 
is to involve the extension staff in this work. A few of 
them should therefore be trained to assist researchers in 
conducting on-farm experimentation in close cooperation with 
farmers. 

Another conclusion from the study is that blanket 
extension messages are not effective. The variability at 
different levels in terms of natural circumstances and the 
difference in resources and other economic and social 
factors, make it imperative for extension workers to 
understand that the needs of individual farm families may 
differ. In order to achieve the required standard in the 
extension service, i.e., to be able to assist different 
individuals or groups of farmers select appropriate 
technology for their circumstances, a major in-service 
training program is needed. 

A good extension service should have the capacity and 
flexibility to adjust recommendations according to all the 
circumstances facing the farmer, including, for example, the 
change in supply of inputs. One objective in the present 
study has been to point this out and provide a basis for 
such extension programs. 
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CHAPTER 1 Introduction 

1.1 Background 

The national Maize Research Program (NMRP) was formed 
in 1974 as a means of better coordinating maize research in 
Tanzania including better utilization of scarce money and 
manpower resources. 

The NMRP was responsible for coordinating all phases of 
maize research, from varietal development and production 
research on station to verification and some demonstration 
on farmers' fields. This paper is an attempt to consolidate 
research and demonstration results from the past 10 years 
with a goal of developing maize production recommendations 
for specific zones in the Southern Highlands. 

The paper covers only the Southern Highlands because of 
the availability of an adequate data base, particularly 
socio-economic data. In addition, the Southern Highlands 
have been a priority area for research within the NMRP and 
continue to be
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within the program of the Uyole Agricultural 
Center (UAC) because of their high maize production 
potential. (See maps 1 and 2 in Annex I showing the four 
regions of the Southern Highlands: Rukwa, Mbeya, Iringa and 
Ruvuma). 

Through experience gained in developing this report, it 
is hoped that the NMRP staff can complete similar reports 
for the other areas of Tanzania. 

1.2 Purpose of the Study 

The overall goal of the present report is to contribute 
to the development of appropriate farmer level 
recommendations for the improvement of maize production. 
More specifically five different objectives have guided the 
work: 

(1) Provide an overview of past and current research 
activities (including demonstration trials of 
relevance) in maize production for the Southern 
Highlands; 

(2) Summarize the major characteristics of the farming 
systems in different parts of the Southern Highlands 
(according to available information) and identify 
constraints to increased maize production; 

(3) Develop a basis for formulating recommendations 
concerning all important aspects of maize production 
technology; 



(4) Make suggestions for improvements of maize production 
for specific groups of farmers in the Southern 
Highlands; and 

(5) Review the maize research work in view of the 
identified needs for new technology and indicate future 
direction of experimental activities in order to 
provide or introduce the needed agricultural 
innovations. 

1.3 The Importance of Maize Production in the Southern 
Highlands 

Maize is the major staple food in Tanzania. It is also 
the dominant food crop purchased by the National Milling 
Corporation. The Southern Highlands accounted for nearly 90% 
of the 90 000 tons bought in 1981/82. The major surplus 
regions (with estimated surplus productinn in thousand tons 
for 1980) are: Rukwa 45, Iringa 41, Ruvuma 28, Mbeya 11, 
Arusha 16, and Mara 11. The Southern Highlands, including 
the first four regions mentioned, are the most important 
production areas and future potential greatly depends 
on them (1). 

Maize is produced by four different groups in the 
country. The first group and the most important, is composed 
of smallholders with less than 10 hectares (and usually only 
2 or 3) but contributing about 80% of total production. The 
second group consists of village farms (ujamaa) of, perhaps, 
10-100 ha. They contribute approximately 5-10%. The third 
group consists of large farms with holdings bigger than 100 
ha and contributing 5%. The last group, that of private and 
public very large farms, contribute another 5%. In the 
Southern Highlands the small farmers are relatively more 
important than the country figures show. 

The average annual growth rate of maize production 
in the country is estimated at 8-9% between 1972 and 1980. 
Of the increased production, improved husbandry and 
varieties account for about 20% while the rest is due to 
area expansion. Projected annual rate of production increase 
for maize up to year 2000 is 3.8%. Even at previous levels 
maize production has not been able to meet national demand 
and maize imports have therefore been a major component in 
the total food import bill in recent years (except in 1978 
and 1979). An annual rate of increase in maize consumption 
of 3.4% is projected up to year 2000. 

Use of purchased inputs in maize production has 
increased in the last few years in Tanzania, although from a 
very low level. Distribution of hybrid seed has gone from 
400 tons in 1973/74 season to 3000 tons in 1979/80. The 
corresponding figures for varietal seed are from less than 
100 to about 1100 tons. 
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Maize fertilizer accounted for 42% of all fertilizer 
used in Tanzania in 1980. This corresponds to 44 200 tons of 
which the southern regions took 30 000 tons, or two thirds 
of the total • In the last few years the Southern Highlands 
have received an increasing share of the limited supply of 
fertilizer. 

1.4 Overview of Flow of Technical Information on Maize 
Production. 

UAC has an extension unit whose task it is to transfer 
agricultural recommendations to the field extension service 
in the four regions. Maize production technology has figured 
largely in this work. 

Information is disseminated through: 

(i) Extension leaflets; They are written in English and 
Swahili for extension staff and farmers. The most 
recent one was completed in 1980 (Revision due out in 
1984). 

(ii) Demonstration plots; This was earlier a major activity 
(40 plots in Mbeya district alone) , usually located in 
primary schools. UAC has demonstration fields only at 
Uyole and substations restricted to training of Bwana 
Shambas in conducting demonstrations. The FAO 
fertilizer program has demonstration plots throughout 
the region. 

(iii)Seminars; Annual Regional Seminars are conducted for 
extension staff for three days of which one is a field 
day. At the conclusion of these meetings the regional 
agricultural staff have the opportunity to suggest 
problems for UAC-research. Maize production is usually 
one of the topics in these meetings. 

(iv) Short courses; These last for a few days to a month and 
are arranged for extension personnel. Several of the 
courses in the last few years have included maize 
production as a major subject. Short courses have also 
been conducted for farmers from various districts at 
Uyole and in farmers' training centers in the S.H. 

(v) Field days; Extension staff and farmers are invited to 
visit Uyole or one of the substations once or twice a 
year to look at the crops and livestock on the station. 

In addition to UAC's activities, the regions have 
arranged demonstrations in maize production through the 
National Maize Project and the FAO Fertilizer Program. The 
NMRP produced a maize production handbook in 1977. 
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1.5 Farmers' Circumstances as a Basis for Formulating 
Relevant-Recommendations 

It is now il well established fact that agricultural 
technology is highly location-specific (2). Differences in 
farmer adoption behavior to new technology can be explained 
by variation in physical and biological circumstances and by 
variation in economic and social realities. In this 
situation agricultural innovations have a better chance to 
be accepted by a group of farmers if the those farmers' 
decision criteria are applied in selecting the technology. A 
first step in this process is to understand what factors 
affect farmers' decisions with respect to the use of new 
technology. 

Natural circumstances influence farmers's decisions to 
a high degree in the Southern Highlands. Altitude and 
:rainfall impose restrictions on growing season and create 
uncertainties in farming. Differences in soils and 
topography are other factors of major importance for crop 
production. The variation here is tremendous. For example, 
Mbeya region has an altitude range of 500-2700 meters and a 
mean annual rainfall ranging from 600 to 3000 mm, making 
blanket recommendations for large areas of little use__for 
most farmers. Besides the variation between larger areas, 
there is also variation within fields. Farmers use, when 
relevant, the field variation to reduce the risk of crop 
failure by locating maize fields at different sites on 
different soils within walking distance (usually) from the 
homestead. Pests and diseases are often associated with 
climatic variables and represent other risk factors faced by 
farmers. 

External socio-economic circumstances include farmers' 
access to inputs, produce markets, prices, availability of 
consumer goods, credit and extension services. The present 
economic crisis in Tanzania, with its repercussions on 
agricultural production, has been the focus of several 
studies (3). It is not within the framework of this report 
to discuss these problems. However, the difficulties in 
providing inputs to farmers have implications for 
recommendations in maize production and cannot be ignored. 
Further, the extension service is a crucial link in the 
dialogue between research and the farmer. The capacity of 
the extension staff to utilize and adapt recommendations to 
specific situations is of vital importance for the success 
of extension programs. 

Intensified land use, as a result of villagization, 
with reduced fertility levels and soil destruction, are 
other constraining factors caused by external circumstances. 
Communal (Ujamaa) farming is an external feature which has 
an impact on individual farming in terms of competition for 
peak labor. 
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Resource constraints in terms of labor, cash, and 
capital, limit small farmers' capacity to make substantial 
changes in their farming system. In some areas of the 
Southern Highlands, for example in Rungwe and Kyela 
districts in the Mbeya region, land is becoming scarce. 
Also, large and rapidly expanding villages have resulted in 
local land shortages in areas where the overall population 
density is low. In order to solve the problems caused by 
mounting land pressure, agricultural technology with higher 
land productivity is required. 

Seasonal shortages of labor greatly influence farming 
practices. Requirements in the form of timely operations, as 
part of new technology, may not be fully adopted. A 
compromise between the technically optimal in maize 
production technology and what farmers are able to implement 
with available labor and tools is often necessary. 

Labor-augmenting technology, important for increasing 
land preparation capabilities, for early establishment of 
the crop, and for weeding, is essential in all areas with a 
distinct and relatively short growing season. Use of oxen is 
the most important innovation in this context. Draft 
animals, and cattle in general, are not kept everywhere. For 
instance, in Ruvuma there are hardly any cattle {although 
the regional authorities are introducing more) , and the same 
is true for parts of the other three regions in the Southern 
Highlands. 

In some areas in Rukwa, Mbeya, and Iringa Regions, 
where farmers cultivate with oxen and land is not limiting, 
increasing maize acreage seems to get priority over 
intensifying production. Given the substantial capacity to 
prepare the land and plant with mechanization, weeding 
becomes the constraint on increased production because few 
farmers have mechanized that operation. Shortage of 
ox-weeders is one important reason. Herbicides are another 
possible innovation which can increase labor productivity in 
situations where a seasonal weeding bottleneck is a major 
problem. However, such technology is hardly a realistic 
choice for the majority of small farmers in the Southern 
Highlands. 

Research work in maize has concentrated on land 
intensification technology or increasing output per unit of 
land. This revolves around the use of improved seeds and 
fertilizers, and better timing of planting and weeding 
operations. Adoption of this "packagen implies a higher 
labor requirement compared with traditional technology. It 
also involves a change in its distribution toward a more 
pronounced peak early in the growing season. 

Because of the substantial labor input required in 
manual operations and the seasonal character of farming, 
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there are peak periods when the farm family's labor 
resources are fully committed. Return to labor is therefore 
often a more important decision criteria for farmers than 
return to land. In view of this fact, it is essential that 
an innovation increase the returns both to land (in view of 
a mounting land pressure) and labor (or at least maintain 
the productivity of labor while the productivity of land 
increases}. A combination of land intensification and labor 
augmenting technologies is thus desirable. 

Farmers's goals include the need to increase income. 
Food preferences and risk aversion, however, may modify the 
income objective. Local maize varieties may be preferred to 
an improved variety because of taste, earliness and storage 
ability if the crop is grown mainly for home consumption. 
Staggered plantings compromise yield but may still be 
desirable in order to get green maize over a longer period 
and reduce the risk of losing the entire maize crop due to a 
dry spell at the flowering stage. Intercropping with beans 
or cowpeas are other examples of practices which reflect 
both the food and security objective. 

There are many direct influences on management 
practices of the maize crop while other practices are 
operating through interactions in the farming systems. 
Different enterprises compete for scarce labor and cash 
resources. In this situation, farmers often reject labor 
intensive practices, such as thinning, and delay weeding 
operations which causes reduced yield. In the Southern 
Highlands whe~e rainfall is unimodal, the recommended 
planting time for most crops is in December after the first 
rains. With a limited planting capacity, a choice has to be 
made as to the order of planting according to the 
circumstances facing the particular farm family. If more 
work goes into maize planting and weeding, for example, the 
cotton crop may suffer due to late planting. 

1.6 Development of Technology for Groups of Farmers 

Agricultural technology cannot be designed for 
individual farmers because of prohibitive costs. Neither can 
a single agricultural package be suitable for a large group 
of farmers with wide variation in natural and economic 
circumstances. There must be a compromise between these two 
extremes by dividing farmers into groups. The basis for this 
should be that farmers in one group have similar development 
opportunities and development constraints, and that they 
will benefit from the same agricultural recommendations. 
However, there always will remain some intra-group 
variation, and it is important that the extension person is 
able to help farmers adapt recommendations appropriate to 
their particular situations. 
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Two types of divisions can be identified: a local 
division between areas, and a hierarchical division between 
farmers in one area. Natural circumstances are applicable to 
locational divisions only, while the other circumstances 
(mentioned in Section 1.5) are relevant also to divisions 
between farmers in the same area. An example of two target 
groups in one area may be ox-cultivators and hand
cultivators. Clearly, large scale farms are a separate 
group. Communal farms are different from individual farms in 
the same village when a different maize technology is used. 

1.7 Limitations on the Present Analysis 

There are several limitations on this study to develop 
maize production recommendations for groups of farmers in 
the Southern Highlands. 

One constraint is the incomplete information available 
on the different farming systems. As indicated in section 
1.5, much detailed data on farmers' circumstances and how 
they are manifested in current farming activities are 
required to understand the technical changes farmers are 
willing to accept. For most areas and groups of farmers we 
do not have the information required to undertake a thorough 
analysis of present farming practices. Discussion with 
farmers and agriculturalists to acquire the additional data 
would have taken many more weeks than the four available for 
this study. 

Another limitation is the maize research data. 
Geographical coverage of the Southern Highlands with trials 
is incomplete. Further, all the different aspects of maize 
production have not been studied. Attempts have been made, 
however, to use the knowledge available to make suggestions 
for maize production research and technical components for 
some of the geographical areas. 

In calculating economic benefits and costs to farmers 
adopting new maize production technology, a partial analysis 
is made. This method focuses on measuring the extra return 
and the extra (variable} costs incurred by using the new 
component or package of components. 

Ideally, whole-farm analysis should be used as a part 
of an ex ante assessment of agricultural innovations in a 
farming-system. Such an analysis permits a valuation of 
land, labor, and capital based on the actual supply and 
demand situation at a particular time. The new technology, 
in that way, is evaluated in the context of all of the 
farmer's economic activities. 

The advantage of whole-farm analysis over partial 
analysis is most evident when the components being 
considered involve major changes in resource use, which in 
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turn will cause substantial changes in prices on these 
resources. However, to be meaningful, this method requires 
considerably more and better data than are available here. 

The partial analysis to some extent can include effects 
of changes in resource use by employing shadow prices for 
the basic resources. Returns to scarce means of production 
can be computed and considerations be given to risk and 
uncertainty. In view of the circumstances for this study, 
the partiql approach is the only possible alternative. 
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NOTES, CHAPTER 1 

1. All data in this section are from the National Food 
Strategy Report, 1982. 

2. CIMMYT's adoption studies in different parts of the 
world point to this fact. See, for example, an article 
by R. Perrin and D. Winkelmann: "Impediments to 
Technical Progress on Small Versus Large Farms" in 
American Journal of Agricultural Economics, Vol. 58, 
Number 5, December 1976. 

3. For example see: - The national Food Strategy Report 
by FAO and Kilimo, 1982. 

- The Agricultural Sector Study by 
the World Bank, September 1982. 

- The Input Marketing Study of the 
Mbeya Region, TRDB, August 1982. 
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CHAPTER 2 Maize Production Research for the Southern 
Highlands: A Discussion of Different 
Technical Components. 

2.1 Potential for Maize Production 

Maize is the major food crop in Tanzania. It can be 
grown over a wide range of environment and soil conditions. 
Optimum temperatures are 20-25 C day and 15-17 C night. For 
a 120-150 day crop, 450-500 mm of water are required, 
distributed uniformly over the growing period. Maize is a 
high potential crop in the Southern Highlands because much 
of the area exceeds the minimum requirement for growth. 

Temperatures are near the optimum throughout the 
growing season. Although low temperatures and frost do 
occur, they are not a problem; their o~currence coincides 
with the dry periods of the crop cycle when the crop is 
senescing. Soils are of moderate to low fertility, have a 
high or moderate water holding capacity, and have an 
appropriate pH. If one assumes fertility can be improved by 
the addition of nutrients, the inherent low fertility is not 
a limiting factor. Moisture is not limited in approximately 
half the area, and in the other half, sufficient moisture is 
usually available although sporadic drought stress in the 
early part of the season may reduce yield potential 
slightly. 

The variations within the area and varieties available 
suggest four major zones of the Southern Highlands: 

Zone 

1 

2 

3 

4 

Altitude 
(m) 

>1400 

>1400 

900-1400 

900-1400 

Rainfall 
(mm) 

>800 

<800 

>000 

<800 

Growing Period 
(months) 

Examples 
of Areas 

>5 

<5 

>4.5 

<4.5 

Uyole, Njombe, 
Ufipa, Mbinga 

Parts of 
.southwest 
Mbozi and 
Katende Plain 

Songea, Mpanda 

Usangu, Ismani 

Note: In addition there area areas along Lake Nyasa at lower 
altitudes (500-600 m). Maize production is 
insignificant in these locations, however. 
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In the following discussion, the divisions are based on 
biological and environmental constraints other than 
fertility. It is assumed that if maize can grow, the 
fertility should not be a limiting factor as essential 
nutritional requirements can be.added to the soil. The zones 
will in later chapters be further refined and divided to 
take account of farmers' circumstances. 

The area is divided into altitude zones primarily for 
identification of disease resistance within varieties; the 
high zones having greater severity and more common 
occurrence of several leaf diseases. The lower rainfall 
zones generally have less reliable rainfall as well, 
regardless of altitude. 

The table below shows estimates of average yields over 
a number of years of a field scale: base yields without 
additional fertility improvement, present yields and 
possible yields using high levels of inputs and management. 
Small farmer yields will be lower than possible yields. The 
actual level and the reasons for the lower levels will be 
discussed in future sections. 

Estimated Yields under Various Management Conditions in 
the Southern Highlands. 

Base yielda Present yielcf Possible yieldc 

Zone 1 1.0 1.5 6.5 
Zone 2 0.8 1.0 5.0 
Zone 3 0.8 1.0 5.0 
Zone 4 0.5 0.6 4.0 

a. No added fertility but other management at a 
reasonable level. 
b. Adjusted for use of fertilizer and some 
improvement of other management levels. 
c. Maximum fertilizer level and optimum management 
practice. 

2.2 Land Preparation 

Land preparation aims at providing a seedbed which is 
conducive for the germination and development of the maize 
seedling. Because maize has a large seed, it does not 
require a fine seedbed. Therefore good maize seedbeds are 
weedfree, well aerated, with adequate water infiltration, 
and deep enough (about 12-15 cm) for young roots to work 
through. 
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Different methods and intensities of land preparation 
were studied in the Southern Highlands during 1972-75 (Table 
1). There were no significant effects on grain yields, 
within a season or across seasons during the short trial 
period. The trial was stopped before its effects ·could be 
seen on soil conservation or soil structure. This technical 
component is not of priority for the purpose of increasing 
maize production for the smallholder in Tanzania. 

The more critical aspect of land preparation for 
increased maize production is its effect on time of 
planting, early weed control, and soil/water conservation 
{erosion control). Maize varieties have requirements of a 
certain minimum number of days with adequate moisture for 
optimum development. Most maize growing areas in Tanzania 
have a rainy season of 5 months or less; some have a bimodal 
rainfall pattern. As will be discussed in the coming 
sections early planting is of utmost importance under the 
unimpdal, long rainfall conditions found in many parts of 
the Southern Highlands. 

Plowing the land offers several possible advantages to 
hand cultivation. Crop residue can be incorporated easier 
with a plow than by hand. Also, if the residue being plowed 
down is not too .heavy, the land can be planted 
simultaneously with plowing by using every 3rd or 4th plow 
furrow as the planting furrow. If ridges are desirable, they 
can be made more quickly and easily by plow than by hand. 

Plowing with draft power is faster than cultivating by 
hand and requires 4-8 ox-team days/ha as compared to 25-35 
man-days/ha for hand cultivation. 

To maximize yields, maize planting should be done as 
early as possible. Land preparation is one operation which 
causes delays in planting. Preparation immediately before 
the rains is not easy because the soil is extremely dry and 
hard and draft animals are in poor condition. However, 
plowing or cultivation immediately after harvest is possible 
and now advocated (although not widely accepted) . Usually 
there is surplus labor available at this time, draft animals 
are in peak condition, and the soil still has sufficient 
moisture to work easily. Another advantage is that the soil 
will be rough and loose to absorb the first rains better. On 
the other hand, plowing"after harvest will mean that fewer 
weed seeds will germinate and will be killed by the initial 
tillage during seedbed preparation. This may result in more 
weeds in early growth stages and increase the labor 
requirement during the first weeding. 

Minimum tillage/no-till operations which use herbi~ide 
for weed control are not viable at present because of high 
costs, lack of equipment and chemicals, and requirements of 
technical knowledge of farmers. Minimum tillage combined 
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with mulching to smother the weeds would not require foreign 
exchange, but the labor requirement would probably be too 
large to fit in the total farming system. 

Another aspect of land preparation concerns soil 
erosion control and water management. It may necessitate 
contour ridging and residue use on hillsides. Ridging is 
desirable on hillsides to help slow and direct the flow of 
water (terracing). Also in areas of limited rainfall, 
tie-ridges can help to improve the rainfall effectiveness by 
ponding the rain in limited areas rather than allowing it to 
run off to non-productive land. Otherwise, no yield 
differences have been found between ridge planted and flat 
planted trials. In some areas, such as the Matengo Highlands 
in Ruvuma Region, tie-ridging and residue use (called Ngoro) 
is a traditional method of land preparation. 

The planting time for maize in the Southern Highlands 
ranges from the second half of November to mid December for 
varieties requiring a longer maturity period, and to 
mid-January for the shorter maturing varieties such as 
Katumani. 

One aspect in relation to land preparation needs to be 
mentioned. Most maize plots are, at the time of land 
preparation, covered by plant residues either from the 
previous crop or from fallow grass species. Tables 1 and 2 
show that burning or removing organic residues improves 
yields at low and moderate fertility levels, and 
particularly when no additional fertilizer is applied. The 
gain in yields in the short term is probably due to the 
mineral release of r and K from the ashes as most of the N 
has been volatilized. Other studies have shown that all 
organic materials should be plowed under during field 
preparation and be allowed to rot for long-term soil 
fertility improvement. 

The depth of cultivation can be guided by the results 
of Table 3. Planted at the onset of the heavy rains there is 
no real yield difference between plantings of 5 or 10 cm 
depth. However, emergence can be delayed when seeds are 
planted deeper than 5 cm. 

The effect on yield of planting on ridges or flat land 
and how it affects the weeding process is presented in Table 
4. No significant difference in yield is seen between ridged 
or flat planting. 

2.3 Varieties 

Varieties are generally recommended based on several 
criteria: yield performance, insect and pest resistance, 
consumer preference and stress tolerance (mainly moisture 
stress) • Tables 5 and 6 summarize and describe the 
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important characteristics of varieties which have been 
recommended and are currently in use in the Southern 
Highlands. 

The decision to grow a variety at a particular time and 
place is based upon the variety characteristics as they 
relate to the environment and to management practices. In 
determining suitability for various management levels, 
differences between hybrid and open-pollinated varieties can 
become important. First, there is the cost of seed. With a 
hybrid, seed must be bought every year to maintain the yield 
and uniformity. On the other hand, open-pollinated varieties 
do not have to be bought every year. With reasonable care 
the farmer can save his own seed for one or two years before 
buying a.new lot of seed. Yield level does not necessarily 
decline as with hybrids. Secondly, there is the issue of 
specificity and uniformity. Hybrids, because of selection 
and development methods, tend to be highly environment 
specific and very uniform. Open pollinated varieties, on the 
other hand, are more genetically diverse, have wider 
environmental adaptation and may be less uniform. Under 
lower management conditions or in environments which are 
unstable, the uniformity inherent in hybrids may be a 
liability. 

Time of planting is considered critical to maize 
production. Research has shown that all varieties tend to 
decline in yield with delayed planting; the rate of this 
decline is dependent upon the maturity of the variety and 
the length of the growing season. Katumani with a maturity 
of 130-140 days .as compared to the hybrids with a maturity 
of 180-200 days can mature a crop even when planted later. 

Varieties also differ in their ability to respond to 
fertilizers. The hybrids, H614 and H6302, are more 
responsive as compared to the open-pollinated varieties at 
all management levels, when planted on time. This is not 
because they are hybrids but because they have a higher 
genetic yield potential and have a longer maturity. 

In off-station tests, improved varieties and hybrids 
outyield farmer varieties. These differences are 
particularly obvious at the higher fertility and management 
levels where 30-60% higher yields can be obtained. If soil 
fertility is the only management component allowed to 
decrease, then the improved varieties will only show a 8-12% 
increase over farmer varieties. However, if other management 
components are also allowed to become less technically 
optimal, farmer varie·ties may be as productive as the 
hybrids. This would particularly be the case where one deals 
with later planting times, and the farmer variety is earlier 
maturing compared to the hybrid or variety. 
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Seed prices are Tsh 11.80/kg for hybrid and Tsh 8.60/kg 
for varietal seed (1982/83). If 20 kg of seed are used for 
each ha, it may cost the farmer up to about Tsh. 350/- to 
buy hybrid seed (including seed, transport and interest). It 
would require an additional 160 kg grain to recover this 
cost alone. At the 4 ton production level, that amounts to 
only a 4% yield increase, a level easy to achieve. However 
at the 1.5 ton production level, an 11% yield increase is 
needed just to cover the cost. The use of improved varietal 
seed (which the farmer renews every 3rd year) will lower the 
cost to about Tsh. 125/- per year, requiring only a 4-5% 
yield increase to pay for the input. 

2.4 Time of Planting 

In many crops, and maize is no exception, the length of 
the growing season is critical in determining potential 
yield; the longer the growing season, the higher the yield. 
Therefore one should plant as early as possible to maximize 
use of the growing season. 

In an area of unimodal and reliable rainfall, the 
growing season is clearly defined. Early planting is 
critical for high yield in this situation. Using H614/H 6302 
hybrids, trials have shown a 53 kg/ha/day yield loss for 
each day delay after the first rain. In areas with a 
non-unimodal rainfall pattern or unreliable rainfall, the 
growing season is not as easily defined. Under these 
conditions, one must try and match critical growth periods 
(planting until 2 weeks after germination and 2-3 weeks on 
either side of flowering) with the most reliable rainfall 
periods. Often the use of a shorter season variety and delay 
of planting is needed to minimize risk. On average this 
system will give higher and more stable yields under 
conditions with moisture stress, than planting a long season 
variety with the first rains and having the flowering occur 
during the period of the moisture constraint. 

For all locations where research has been conducted, 
and with all varieties used, the general result is that 
yields decrease with delayed planting. Figures 1 a,b show 
this general trend. The decline in yield is also evident at 
various plant populations as shown in Figure 2. Though there 
is a decline in yield, the rate of decline varies 
considerably. The hybrids, because they are longer maturing, 
decline at a faster rate than the open-pollinated varieties. 
The former require a longer growing period, on the average 
about 95-100 days to flowering, while the latter require 
75-80 days only. The latest planting date recorded in the 
trials is February 15th which puts the hybrids well into the 
drier periods of early May while the earlier varieties 
flower by the middle of April. 
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Reasons for the yield losses from late planting are not 
yet clearly defined. Several reasons have been suggested: 
(1) insufficient moisture, (2) leaching of nitrogen and (3) 
at high altitude, low temperatures. The first and third 
reasons seem plausible, but if the second reason were true, 
added N should give similar yields; yet additional N does 
not compensate for the suggested leaching effect. 

The effects and interactions of time of planting and 
fertilizer treatment at 3 levels (0, 60, 120 kg/N/ha) have 
been studied. Though there is some compensation as shown by 
the yield increase with additional N at any given planting 
date, the trend of lower yield at later planting still 
exists. Figure 3 a-d shows this result. 

The interaction of time of planting and weeding can be 
noted from Figure 4. and Table 9 where 3 levels of weeding 
(no weeding, one weeding, and two weedings) are shown. The 
results reconfirm the fact of declining yields though there 
are shifts or compensation effects due to the weeding and 
fertilizer treatments. 

2.5 Plant Population and Arrangement 

Optimum plant population is dependent upon the variety, 
the fertility level, and the cropping system. The short 
season variety, Katumani, has an optimum density of 70-80 000 
plants/ha (Fig. 2) and all other high and intermediate 
altitude varieties have an optimum of 40-50 000 plants/ha. 
At high fertility levels (120 N + 20 P/ha) there is a 20% 
yield increase for 44 000 plants/ha over 22 000 plants/ha. 
At lower fertility levels the increase is proportionally 
less. In fact in the Southern Highlands when no additional 
fertilizers are added, .the lower density (25-30 000 
plants/ha) patterns tend to outyield the higher density 
(Fig. 5) • 

In the Southern Highlands, under conditions of reliable 
rainfall, plant arrangement (single plant or multiple 
plants/hill) has no effect on yield as long as the plants 
are uniformly distributed over the area. Under less reliable 
rainfall conditions (such as Ismani), results have shown 
that when more than 2 plants/hill are maintained, the yields 
are depressed (Fig. 6). This is probably caused by increased 
plant competition for moisture in a limited area. Single 
plant stands have an advantage only under very severe 
moisture stress conditions and when planting is mechanized. 

The hill system of planting has a distinct advantage 
over single plant stands when planting by hand; the number 
of holes one must make for planting and therefore the labor 
required are inversely related to the number of plants/hill. 
Also if final stand count/hill is 3 plants or more (at 
40-50 000 plants/ha) , then one can use a check row system. 
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This could speed weeding because one can cultivate in both 
directions within the field with oxen cultivators. 

The basic seeding rate needed to obtain a given 
population is dependent upon the germination potential of 
the seed. The farmer can be assured of attaining a 
population by over-planting and then thinning. This 
increases the cost for seed and adds a labor requirement. If 
the farmer is using high quality seed (germination 
percentage >90%), has a well prepared seed-bed, and is 
planting at the proper depth, the additional seed to 
overplant and the labor requirement for thinning are not 
needed. 

2.6 Fertility 

Maize requires substantial quantities of mineral 
nutrition for its vegetative and grain development. A 9.5 
ton/ha grain crop and 11.0 ton/ha stover remove the plant 
nutrients shown below: 

Crop Yield 
tons/ha N p K ca f.'k1 s cu Mn 

kg/ha g/ha 

Maize grain 9.5 150 27 37 2 9 11 66 100 
Maize straw 11.0 110 19 135 29 22 16 55 1700 

Source: Martin. 1976, in Principles of Field Crop 
Production, New York. 

Zn 

170 
330 

By the start of grain filling 67% of the nitrogen {N) , 
more than 50% of the phosphorus (P) , and 90% of the 
potassium (K) have been taken up by the crop. Few soils can 
continuously supply sufficient levels of these minerals to 
produce maximum yields without additional nutrients. Crop 
rotation, intercropping, addition of crop residues and farm 
yard manure or mineral fertilizer all have a certain 
potential to maintain or increase soil fertility, by adding 
or making more available the extra nutrients needed by the 
maize crop. No one choice is clearly best, however; each 
depends upon the farmer circumstances and the resources 
available. 

A substantial amount of soil fertility research has 
been conducted on the maize crop in the Southern Highlands 
at locations in all four regions. Though most of the work 
has been done with mineral fertilizers (specifically the 
macro-nutrients NPK) other nutrient sources have also been 
examined. 
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Crop rotation can be as simple as an alternate year 
fallow crop system or it can be complex, involving several 
crops over several years. One of the main purposes is to 
build up the nutrients in the soil through addition of crop 
residues/organic matter. Legumes are used in the rotation to 
supply additional nitrogen to the following crop. Results 
from trials conducted by UAC in the Southern Highlands 
(Table 7) show a yield increase for maize equivalent to 
40-60 kg of N when the maize follows either Crotalaria 
zanzibaricus or cowpea (Vigna sinesis). Additional benefits 
from crop rotation such as improved soil structure and tilth 
have been reported elsewhere. Except in the cases where the 
rotation is with other economic crops or a fallow, the 
farmer will have costs associated with establishment of the 
crop such as seed, land preparation, and weeding for which 
he will not see a return until the following year. 

Intercropping maize and legumes is a common practice 
among farmers in Tanzania. Maize intercropped with legumes 
can give a greater land efficiency ratio than monocrops, but 
as a means of increasing fertility a farmer will need to 
continue the system every year to gain maximum efficiency. 
The nitrogen produced by a legume plant is generally not 
available until after the plant begins to senesce. 
Non-legume intercrops are generally direct competitors with 
the maize crop and are usually planted under conditions 
where the maize crop has a high risk of failure. Research 
work into the benefit and the optimum combination has been 
done at Uyole and its substations. On average the best 
combination was the maize-bean intercrop with maize at 
33 000 plants/ha. Maize yield was 4.2 T/ha, and bean yield 
was 0.7 T/ha. Maize yields were not different from the maize 
monocrop while the bean yield was decreased by 40%, probably 
due to the competition for light, water, and nutrients. 

Incorporation of crop residues. The maize stover is 
normally left standing in the field at harvest. It may 
either be incorporated in the soil at time of land 
preparation or be burned. Incorporation improves the level 
of soil organic matter and the soil structure, but 
decomposition will not be complete before planting time. 
This may cause a temporary shortage of available nitrogen. 
Moreover, since organic matter requires microbial action for 
decomposition, some of the available nitrogen will be used 
by the microbes further reducing the nitrogen for the 
growing crop. Burning, on the other hand, is a common 
practice of land clearing among small farmers and the 
resulting ash may be rich in mineral nutrients though most 
of the N is lost to the atmosphere. However, long term 
benefits of soil improvement are greater when the residues 
are incorporated (Table 2). 

Farm yard manures (FYM) supply 021-0.2% N, some P and 
K. Ten tons FYM (equivalent to 1 kg/m ) would supply 
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between 10-20 kg N and sufficient amounts of P and K for a 
maize crop. In addition, the FYM will add organic matter to 
the soil which improves soil structure, water holding 
capacity and soil tilth. The major problem with FYM is 
transporting it from the cattle sheds to the field. However, 
more use of ox-carts could help speed and ease the labor 
requirement for this operation. The response to farm yard 
manure is shown in Fig. 7. 

Mineral fertilizers can be used to improve fertility. 
They improve fertility in the narrow sense, that is they add 
only the basic nutrients. They add no organic matter, nor do 
they improve the tilth of the soil directly. However, they 
do increase available organic matter indirectly through 
increased plant growth and dry matter production. Their 
advantages are that they are concentrated and thus easily 
transported, they have a guaranteed quality and they are 
readily available and marketable (at least that is the 
distributors' intent) through commercial marketing channels. 

Of plant nutrient requirements in the Southern 
Highlands, nitrogen is the most commonly needed and shows 
the greatest response. A few soils are deficient in 
phosphorus to such an extent that any nitrogen response is 
seen only with added phosphorus. In most soils, however, 
phosphorus is not limiting until greater than 30 kg/ha 
additional nitrogen have been supplied. Response to 
potassium has not been observed. Figures 8 a-f show the 
response curves for nitrogen at two or more levels of 
phosphorus, averaged over several years. 

Soils with a naturally high level of N give a lower 
response rate and require lower levels of nitrogen to reach 
maximum yield than do soils with low nitrogen fertility. 

Difference in rainfall affects the response to N. Under 
drier conditions where the plant is stressed, the plant can 
not produce at its maximum, so the yield response to 
additional N is lower than under non-stressed conditions. 
The maximum yield is also reached at a lower level of 
nitrogen {Figures 8 a-f). When there is too much rainfall, 
the nitrogen is leached from the root zone of the soil 
before the plant can use it. This then causes what appears 
to be a lower response to the applied N. In fact, the 
response to actual available N is high, but part of the 
applied N is simply not available. Under high rainfall 
conditions, application of N in small increments several 
times during the season is probably better than one or two 
large applications which are rapidly leached from the soil. 

The interaction between nitrogen response and variety 
(at its optimum density) on average is proportional to the 
maturity period of the variety. Three possible explanations 
for this result are: 
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1) The overall response curves for two varieties are 
parallel at all levels of nitrogen, 

2) The curves are coincident at low levels of nitrogen but 
the early maturing varieties reach a plateau more 
quickly or, 

3) a combination of 1 and 2 above. 

At present the NMRP does not have data to prove any one 
case. However, since under equal (and high) levels of 
fertility, the grain production/ha/day is nearly the same, 
probably the response lines are nearly coincident at low 
levels of N for long and short duration varieties and 
diverge rapidly at higher levels of nitrogen (Fig. 9). A 
trial conducted in 1974 tended to confirm this conjecture, 
but the results are also confounded by a late planting date. 

Interaction between time of planting and N are most 
pronounced when using varieties which utilize the full 
season. Under these conditions, later planting produces 
smaller response to the N applied (Fig. 3). 

Weeds, like maize, respond to improved fertility. 
Weeds, being very competitive, often make quicker use of the 
available nutrients than the maize, thus decreasing the 
available nitrogen and causing a markedly lower yield 
response to the applied N, when compared to the weeded b~t 
unfertilized plots. The fewer the number of weedings or the 
later the first weeding (or both) , the lower the response to 
applied N. However, if one compares the late weeded plots, 
with and without fertilizer, yield response to the applied N 
is only marginally lower than in the early weeded plots 
(Fig. 10 and 11). 

Plant population is also important in determining the 
response rate of N. At very low levels of N, the lower 
density yields better because each plant receives more of 
its nutritional requirement over the basic requirements 
needed for plant structure. However, as one increases the 
amount of N beyond the plant's requirement, a surplus is 
created, and higher plant densities are needed to maintarn 
the high efficiency of use (Fig. 5). 

Interactions between three or four factors are not 
uncommon. However, main effects and first order interactions 
far outweigh the higher order interactions. Thus when 
considering the small farmer of the Southern Highlands, 
these higher order interactions can be safely ignored. 

Several studies on the best way of applying mineral 
fertilizer have been conducted. For phosphorus fertilizer, 
band or broadcast application with incorporation into the 
soil are equally effective. With a basal application of N 
and P, the two fertilizers can be mixed and spread together. 
When side dressing, nitrogen should be applied before the 
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crop is 70-100 cm tall, depending on the variety, and 
covered with soil to avoid volatilization of ammonia. A 
single side dressing applied when the plants are 80 cm tall 
has been found to be as effective as multiple split 
applications (Table 8) . 

To save time, the fertilizer can be broadcast on the 
surface of the field before land preparation and then turned 
under when the ground is worked. If nitrogen is used in the 
fertilizer mix, care should be taken to apply the fertilizer 
to an area which will be cultivated within 6-8 hours. If the 
land is being prepared by oxen plowing, the fertilizer can 
be placed in the furrow immediately adjacent to the plow 
furrow used for planting. Alternatively, it can be broadcast 
across the surfaces of the plot immediately before plowing. 

2.7 Intercropping 

Intercropping is usually practiced to increase the 
effective yield from a given area of land. In small farmer 
circumstances there are seldom serious disadvatages. 
Advantages include better land use, fewer weeds, increased 
fertility and less risk of a crop failure. Effective 
intercrops for the Southern Highlands would be maize/bean, 
maize/cowpea and maize/groundnut. Other combinations which 
may help reduce food risk for the farmer would be 
maize/cassava or maize/sorghum. 

When looking at intercropping it is important to 
remember that the farmer often has a "priority" crop, 
presumably maize, and the intercrop. Therefore, the farmer 
may be more interested in maintaining "high" yields of maize 
and taking the yield of the intercrop as a bonus. With that 
assumption, plant populations and spacing are the only 
factors which can be changed without seriously affecting 
maize yield. Other factors such as weeding, fertility, time 
of planting will need to be maintained at near the farmer's 
optimum levels of management for a maize monocrop. 

Much more experimentation is needed to determine 
maximum intercrop yields without sacrificing maize yields. 
Time of planting of the intercrop, and alternative plant 
arrangements and populations of both.maize and the intercrop 
need to be evaluated. 

2.8 Weed Control 

Other than actually planting the seed, weed control is 
the one factor which can give the farmer the greatest return 
for his own labor when growing maize. Trials, both on and 
off station have shown that effective timely weeding can 
double yield (Tables 9 and 10). In one particular trial, one 
weeding done when the crop was 40 cm tall and no additional 
inputs, gave a greater yield than the treatment with no 
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weeding but 100 kg/ha N. The later the planting, the more 
pronounced the difference between the weeded field and that 
with applied N. A second weeding, when the crop was 80 cm 
tall added another 1.0-1.5 tons maize/ha (Fig. 11). 

Weed control is a continuous operation~ weed free 
fields one year will make weed control the next year that 
much easier. However, for simplicity, let us look at weed 
control beginning with land preparation. Late preparation of 
land (2-3 weeks after the first rains) , kills many weeds 
because many weed seeds have germinated and are cut up or 
plowed under. Under these conditions, a single weeding such 
as described earlier may be all that is needed to give good 
weed control. 

If land preparation is done before the rains begin or 
as they begin, many more weed seeds will be left to grow to 
compete with the crop. Then, the first weeding will have to 
be earlier, when the crop is 20 cm tall, and then a second 
weeding later on when the crop is 80-100 cm tall. Each 
weeding should be completed within 4-7 day period, a weedy 
field needing more rapid treatment than a "clean" field. 
Labor requirements for the first weeding are between 12-14 
days/ha. The second weeding labor requirements are less, 
5-10 days depending on the efficiency of the first weeding 
and the weather. Ox weeders may speed up the job, leaving 
only hand weeding around the plants. If a check row system 
is employed, 90-95% of the weeding can be done by oxen. 

Unless there has been significant new soil brought to 
the surface, or the growing season is extremely long, 
additional weedings after the second one will not give an 
economic yield increase for the farmer. Weeds coming after 
the crop has flowered generally do not affect yield, 
although they do add to the seed load for the following 
year, make the field look unsightly and may make harvest 
more difficult. If the farmer has surplus labor after 
flowering, an additional weeding may help reduce the weed 
problem the following year and make it easier to harvest the 
crop. 

Chemical weed control is also feasible. Many good pre
and post-emergence type herbicides which do not require soil 
incorporation are available (Table 10). Presently, the major 
problem is non-availability. Another potential problem is 
that most maize herbicides can not be used safely on crops 
commonly intercropped with maize limiting their use to 
monocrop production. When the herbicide is applied to soils 
which are dry, there is a loss of effectiveness and hand 
weeding will be necessary. Finally, maize herbicides are 
ineffective against most perennial weeds. Costs of the 
cheapest available herbicide for maize is Tsh. 500/- per ha. 
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Application requires a sprayer and about 6-10 hours of 
labor/ha. Properly applied no more than 1 or 2 days touch up 
weeding will be necessary to remove perennial weeds and to 
clear strips which are missed in the spraying operation. 

2.9 Plant Protection 

Tanzania is fortunate to have relatively few diseases 
which cause economic loss to maize production. In the 
Southern Highlands, leaf blight (Helminthosporium turcicum), 
rust (Puccinia polysora) , and ear and stalk rots (primarily 
Diplodia ~.) are the major disease problems. The first two 
are controlled by growing resistant varieties. The last is a 
sporadic problem associated with late season rains. However, 
some varieties are more resistant than others and therefore 
do not show the disease. 

Insect problems in the Southern Highlands are also 
limited. Stalkborer damage (Busseola fusca) is the most 
readily identified problem by farmers in the field. Trials 
at UAC have shown sporadic but serious years of infestation 
can cause as much as 85% yield loss. In normal years there 
is only 10-15% yield loss. 

Stalkborer losses can be reduced through proper field 
sanitation if there is a break between each maize crop. 
Burial or burning of the maize stubble destroys the pupae 
and larvae of the moth, thus reducing the intensity of the 
next attack. Early planting helps the crop escape damage 
from the borer. Healthy plants under high fertility tend to 
show less effect than poorly growing plants. 

Insecticides, natural or synthetic, also control the 
attack if applied at the proper time, before the larvae bore 
into the stem. So far, threshold levels of damage for insect 
populations have not been determined so that a general 
recommendation is to treat plants at the 7 leaf-stage and 
repeat two weeks later. Several insecticides are equally 
effective, in controlling stalkborer (Table 11). 

In parts of Mbeya, farmers use a natural insecticide, 
tephrosin (locally called Utupa) derived from the juice of 
Tephrosin ~· One trial conducted by UAC, gave good control 
of stalkborer by spraying the maize with a crude extract of 
the plant. Additional work on Utupa needs to be done to 
determine its potential in small farmer circumstances. 

Armyworm and cutworm are sporadic pests. Monitoring of 
fields and application of insecticide when threshold levels 
are reached is the only control. Several insecticides are 
available for armyworm. Aldrin appears to be the most 
effective against cutworm when applied pre- or post
emergence. Endosulfan has also been used with success. 
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2.10 Storage 

Proper storage of maize after harvest is an improtant 
step in the overall production system. If maize harvested in 
June or July of one year cannot be stored until the new crop 
is ready in the following year, the farmer will sacrifice 
yield and efficiency of operation to be assured of a 
reasonable supply. Maize storage losses are caused by 
vermin, insects, and fungus if the maize is stored poorly. 
Losses can run as high as 100% but are presently thought to 
be 30-40%. 

Losses from vermin and fungi can be controlled 
primarily by better storage bins. Bins off the ground with 
rat guards on the legs protect from vermin. Properly dried 
grain, dried to 12% moisture or less before placing in the 
bin, and bins which have good ventilation and rain 
protection will prevent molds and fungus from developing. 

The third group, insects, accounts for the largest 
losses and is probably the most difficult to control. Many 
storage pests begin their attack in the field and then 
rapidly increase in storage. 

To limit field attack, the maize should be harves~ed as 
quickly as possible after reaching maturity and rapidly 
dried to 15% moisture. Also, varieties should have tight 
husks which fully cover the eartip. Storage cribs which are 
not cleaned thoroughly and have residue left from previous 
harvests are good sources of infestation for the new grain 
even if the grain is free of insects in the field. 

Varieties which have a floury grain allow a faster 
build-up of the insect population, as compared to flint-type 
grain. However, no varieties have grain which is completely 
resistant to storage insect attack. As mentioned, proper 
disinfection of the storage area and proper drying and 
cleaning of the grain before storage can delay the build-up. 
Total control of insect pests and losses of less than 5% 
depend on air-tight storage and/or insecticide. 
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Table 1. Effects of land Ereparation rrethods, residue and nitrogen on maize :tield at Uyole ARIT.1 

Soil Cultivation Methods 
Nitrogen Residue A B c 
(kg/ha) 

0 Retained and 2.192 1.52 2.07 
incorporated 
Burned 1.35 1.97 2.40 

Mean 1.77 1. 74 2.23 
(fertilizer) 

100 Retained and 2.23 2.44 2.07 
incorporated 
Burned 2.19. 2.41 1.84 

Mean 2.26 2.43 1.95 
(fertilizer) 

Mean Soil 2.01 2.09 2.09 
cultivation 
(1974/75) 

1 Disc Plough imrediately before plant:ing 
1 Disc Plough then 1 disc harrcM 4 weeks later. 
1 Disc Plough 2 disc harrc:Ms at fortnightly intervals. 
1 Chisel Plough and 1 Disc Harra-1 4 weeks later. 

D 

1.94 

1.91 

1.93 

1.68 

2.70 

2.19 

2.06 

1 Chisel Plough and 2 Disc Harrow at fortnightly intervals. 
2 Disc Harrows at 4 week intervals. 
3 Disc Harrc:Ms at fortnightly intervals. 

E 

1.82 

2.24 

2.03 

2.87 

2.93 

2.90 

2.46 

A= 
B= 
C= 
D= 
E= 
F= 
G= 
H= No tillage but 1.5 liter/ha of paraquat hemicide before planting. 

1/ 
2/ Adapted fran Annual Research Report 1974/75. PI' 1. 1977. UAC. 

Mean of two years; results in Mg/ha. 

F 

1.39 

2.26 

1.82 

2.40 

3.33 

2.86 

2.34 

G H 

1.31 2.35 

2.26 2.00 

1. 78 2.27 

2.50 3.50 

2.97 4.00 

2.74 3.75 

2.26 3.01 

Mean 

1.85 

2.05 

1.95 

2.47 

2.80 

2.60 

CV= 
50.4% 



Table 2. Effects of different residue treatments on maize 

grain yields at 3 levels of fertility during 

1973-1976 

Residue 
Treatment 

* 

Retained and 
incorporated 

Burned 

Removed 

Mean 

* 

Kg N applied/ha 
0 60 120 

** 1.81 3.12 4.47 

2.48 3.20 4.22 

2.39 3.31 3.74 

2.23 3.21 4.14 

** Adapted from: UAC Research Reports 

Mean 

3.13 

3.30 

3.15 

Mean of 4 years 1973 to 1976; yields in 
Mg/ha. 
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Table 3. Interaction effects of planting date and depth on 

maize grain yield. 

Planting depth 

5 cm. lOcm. Mean 

Time of 

Planting 
* + 6 wk. 4.00 3.70 3.80 

+ 4 wk. 4.20 4.80 4.60 

+ 2 wk. 7.50 7.50 7.50 

Onset of 

rain 6.90 7.30 7.20 

- 2 wk. 6.50 6.00 6.30 

- 4 wk. 5.80 5.90 

* Mean of 3 years; yields in Mg/ha. 

Adapted from Annual Research Reports, Uyole ARTI-

1972/73, 1973/74, 1974/75. 

27 



* Table 4. Effects of Elantin9 and weeding methcxis on maize grain yield 

Uyole Mbinba Isnani Suluti Miyao Mean 

** Planting on flatland and ordinary weeding 5.86 5.36 3.61 7.60 5.21 5.51 

Planting on flatland and weeding by 
making ridges 5.37 - 3.47 8.28 4.58 5.37 

Planting on ridges and weeding by 
lowering of ridges 5.97 4.56 3.28 7.14 5.14 5.22 

Planting on ridges and weeding by 
increasing ridges 5.20 5.11 3.66 7.16 5.83 5.43 

Planting on side of ridges and weeding 
l'IJ by splitting of ridges 6.90 5.25 3.58 7.49 6.18 5.88 
00 

Planting in furravs between ridges and 
weeding by evening out ridges 5.74 4.89 4.15 7.99 6.11 5.78 

OJ 18% 13% 17% 8% 18.1% 

LSD NS NS NS NS NS 

* Adapted fran Annual Report Uyole ARI'I 1974/75 

** Mean of 3 years1 yields in Mg/ha. 



Table 5. Recommended varieties for broad agro-ecological 
zones in the southern highlands. 

Zone 
(defined) 

1 

2,3 

4 

Full season 

H6302 

H614 

H632 

UCA 

Ilonga Composite 

Tuxpeiio 

29 

Short season 

H632 

UCA 

Katumani 

Katumani 

(Katumani) 



w 
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Table 6. Corcparison of recc:mrended varieties and their interaction with environment. 

Variety Days to 
flower 

Zone 1 

H6302 95-105 

H614 90-100 

lX'A 85-95 

KA'l'UMANI 75-80 

Zone 2 and 3 

H632 75-85 

lX'A 75-85 

KA'IU1ANI 50-55 

Zone 4 

Tuxpefio 59~62 

IC 64-67 

KA'1U-1ANI 48-50 

* R = Resistant 
MR = ?-k:>derately Resistant 
MS = Moderately Susceptible 

S = Susceptible 

Yield Potential Ear 
Mg/ha height 

10.00 185 

9.00 180 

7.50 180 

4.00 105 

7.50 165 

7.60 165 

4.00 130 

5.50 100 

s.oo 130 

3.00 80 

Blight Rust Stalk Ear Rot 
Res. Res. borer Res. 

Res. 

* R R s R 

R R s MR 

MR MR s MR 

MS MR s s 

R R s R 

R R s R 

MR MR s MS 

R R s R 

R R s R 

MR R s MS 

Grain Color 
& Type 

White, soft dent 

White, soft dent 

White flint dent 

White dent 

White, soft dent 

White, flint dent 

White, soft dent 

White dent 

White flint dent 

White soft dent 



w 
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* Table 7 • Ef feet of previous crop on maize grain yield at various levels of nitrogen at 3 locations 

a. Suluti AES 

Maize - Maize 
Crotalaria (cut and rerroved) - Maize 
Crotalaria (incorporated) - Maize 

Mean 

b. Uyole ARI'I 

Maize - Maize 
Crotalaria (cut and rerroved) - Maize 
Crotalaria (incorporated) - Maize 

Mean 

c. Ismani AES 

* 

Maize - Maize 
CcMpea - Maize 

Mean 

kg N/ 
0 40 80 120 

Mg grain/ha 

2.18 
3.27 
4.14 
3.20 

1.40 
5.22 
6.80 

4.47 
6.97 
8.71 
6.72 

3.26 
6.11 
6.35 

6.10 
7.63 

10.02 
7.92 

4.00 
7.58 
8.29 

------~1 :P kg/ha--
0:0 45:11 90:22 
-------iMg grain/ha--

3.38 
4.59 
3.99 

5.09 
6.82 
5.96 

6.29 
8.00 
7.15 

6.86 
8.28 
8.82 
7.99 

5.16 
8.20 
8.28 

Adapted fran Maize Research Program Progress Report 1981/82 - UAC. 

Mean 

4.92 
6.47 

160 

8.17 
8.82 
9.93 
8.97 

6.31 
8.82 
9.04 

Mean 

5.56 
6.99 
8.32 

4.03 
7.19 
7.75 



Table 8. Effects of rate, nethod and time of nitrogen application on maize yield 

Method and Tine-of APplication ----~ · 50 kg N/ha lOOkcfN/ha Mean 

g/ha 

* 1. All N raw applied at planting 4.20 6.06 5.10 

2. All N broadcasted at planting 4.08 6.07 5.08 

(Mean) ( 4 .14) (6.07) 

3. ~ N raw applied at planting and the other 
~ raw applied 3 WAE (weeks after eirergence) 3.91 5.32 4.62 

4. ~ N broadcast at planting and 
~ broadcast 3 WAE 4.10 5.94 5.02 

w (Mean) (4 .01) (5. 73) I\.) 

5. All N raw applied 3 WAE 4.10 5.51 4.81 

6. All N broadcast 3 WAE 3.91 5.69 4.80 

(Mean) (4 .01) (5.60) 

Mean (fertilizer level) 4.05 5.76 4.90 

* Mean of two years, 1973/74 and 1974/75 at Uyole. 



w 
w 

Table 8 (b). Table of interaction of rrethc:d x tirre of nitrogen application 

Time of application 

All at planting 

Split ~ at planting + ~ 3 WAE 

All at 3 WAE 

Mean 

Method of application 

Broadcast Row applied Mean 

~~~~---f'Mg7ha~~~~~~ 

5.08 

5.02 

4.80 

4.97 

5.11 5.09 

4.62 4.82 

4.81 4.80 

4.85 
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* Table 9. Effects of different tines of weeding on maize grain yield 

U>cation 

Treabrent Uyole Mbinba 

1. No weeding 2.02 2.36 

2. One weeding 10 cm stage 4.26 4.69 

3. One weeding 30 cm stage 5.14 3.83 

4. One weeding 50 cm stage 5.20 3.67 

5. Two weeclings 10 & 50 cm 6.55 4.44 

6. Two weeclings 30 & 70 cm 8.24 4.58 

7. Three weeclings 10, 50 & 90 cm 7.33 4.47 

8. Atrazine 2 kg. a.i./ha. pre-arergence 5.55 3.83 

9. Atrazine 2 kg. a.i./ha. post-errergence 4.37 3.67 

Planting date 25/11 19/12 

Variety H613 H632 

CV 23% 20% 

* 

Isroani Suluti 

1.13 2.09 

1.96 5.53 

1.29 4.93 

1.48 5.89 

3.26 6.66 

2.50 5.92 

3.16 7.06 

1.80 

1.98 

27/12 14/l 

H512 H512 

54% 13% 

Adapted fran Annual Research Report 1974/75, PI 1. uyole Agric. Center; yields in Mg/ha. 

Miyao Mean 

4.40 2.28 

4.80 4.17 

4.20 3.88 

4.20 4.09 

5.70 5.32 

5.80 5.41 

5.10 5.42 

14/12 

H613 

21% 



Table 10. Effects of different herbicides and mechanical weeding on 
maize grain yield and weed growth 

* Treatment 

No weeding 

Two weeding-hand 
*** Primagram, Pre 

" 

Eradicane, PPI 

Gesaprim, Pre 

Afalon, Pre 

* 

Amount applied 

4 L/ha 

6 L/ha 

4 IJ/ha 

6 L/ha 

3 L/ha 

2 Kg/ha 

4 Kg/ha 

Relative grain 
yield 

** 100 

214 

221 

221 

101 

140 

241 

126 

164 

** Use of brand name does not imply endorsement 

*** 100 = 3300 kg/ha. 
PPI - pre-plant incorporated 
Pre - pre-emergence to crop and weeds. 

Relative weed 
growth 

Broad 
leaves Grasses 

100 100 

0 0 

20 28 

2 30 

107 51 

126 45 

0 45 

116 83 

108 75 

of product. 

Source: Annual Research Report 1975/76, Uyole Agric. Center. 
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•rabl e 11. i;;f f ects of insecticide on stalk borer control and maize 
grain yield 

* Treatment 

DDT 5% dust 

Endosulfan 4G Granule 

Furadan 5G 

Furadan 5G, soil applied 

Sevin 5% dust 

Malathion 1% dust 

Sumithion 2% dust 

Bir lane 

Curacron 5G 

Untreated Control 

* 

Yield 

Mg/ha 

7.56 

7.76 

7.41 

8.05 

7.19 

6.92 

7.11 

8.72 

7.57 

4.92 

Borer holes 
in stalk 

4.1 

2.1 

3.7 

2.5 

3.1 

3.7 

5.9 

4.7 

2.9 

15.1 

All treatments were applied to the whorl twice (2WAE and 4WAE) 
except for Furadan SG (soil applied) which was applied in the 
planting hole. 

Use of product name does not imply en(iorsement. 
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Fig. 1 (a) Interaction between variety and planting 
date on maize grain yield at 2 locations. 
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Fig. 1 (b) Interaction between variety and planting 
date on maize grain yield at 2 locations. 
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... .. ....... ...... .. . ........ .... .......~ ..... ... . ....... ...... ..... 
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Time of planting 

Fig. 2a. Interaction between time of planting and plant 
density of a short duration variety (Katumani) at Uyole 
Agric. Centre. 
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* Unplublished data NMRP 

Fig. 2b. Interaction between time of planting and plant density 
of a short duration variety (Katumani) at Ismani AES. 
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Fig. 3. Comparison of the interaction of the grain yield to nitrogen 
ratio and time of planting at: (a) Uyole, (b) Mitalulu, (c) Suluti, 
(d) Ismani. 
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Fig. 4. Interaction of number of weedings and 
nitrogen level atUyole Agric. Center. 
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Fig. 5. Interaction between plant density and fertilizer 
level for two varieties of maize. 
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Adapted from: Annual Research Reports 1974/75, 
1975/76, UAC. 

Fig. 6. Effects of number of plants per hill at a 
constant density on maize grain yield at 
Uyole Agric. Center and Ismani AES. 
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Adapted from: Annual Research Report 1976/77 UAC 

Fig. 7. Grain yield response of maize to farmyard manure. 
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Fig. 8. Interaction between nitrogen and phosphorus at: (a) Uyole, 
(b) Mbozi, (c) Chimala, (d) Ruvuma, (e) Iringa, Ismani area, 
(f) Njombe. 
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Fig. 8(c) 
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Fig. 8(e) 
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Fig. 9. Response of varieties to three levels 
of nitrogen fertilization. 
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Fig. 10. Interaction of number of weedings and level of 
nitrogen applied on the yield of maize grain. 
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Fig. 11. Interaction of number of weedings and the 
grain to nitrogen ratio. 
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CHAPTER 3 AN APPROPRIATE SEQUENCE OF INNOVATIONS IN 
MAIZE PRODUCTION 

3.1 Introduction 

It is common to recommend complete technological 
"packages". The implication is that the farmer must adopt 
all of the recommended practices or none of them. Because of 
interaction between different factors the success of one 
technological component may depend on the use of another 
component. This is the reason for recommending a package for 
maize production. Further, there is extensive experimental 
evidence to show large increases in yields and income from 
adoption of such a package. 

Farmers generally do not, however, adopt complete 
packages. There is ample evidence for this fact. Farmers 
rarely adopt more than one or two practices at a time (1). 
This is often taken as a sign of failure by the extension 
service whose instruction is to transfer a specific package 
of recommended practices. It is forgotten that yield 
increases can be achieved without complete packages. The 
most common pattern of yield increases in the past has been 
a step-by-step increase (2). 

There may be several reasons for farmers not to adopt a 
complete package of recommendations at one time: capital 
constraints to buy the inputs, heavy demand on labor for 
other crops, and risks. Given this situation it is wise to 
direct efforts toward a step-by-step adoption of recommended 
practices; the package of technically optimal components 
should be regarded as a maximum level of intensity in 
production and not as something which must be adopted as a 
whole by the majority of farmers. 

The task now becomes 1) identifying a component or 
combination of single components, which can increase yield 
and income; 2) identifying innovations acceptable to a 
particular group of farmers; and 3) identitifying what 
management factors could or should be adopted first and 
which should not be introduced until other practices are 
used by farmers. Ideally, we would need to know the details 
of farmers' present practices in different zones and 
understand their interactions with recommended practices in 
order to identify a suitable sequence of innovations. 

In absence of detailed information on maize production 
practices for groups of farmers, an attempt is made here to 
outline a general sequence of innovations which can be 
useful as a guideline in extension work. We are, of course, 
aware that the appropriate order may differ slightly, 
depending on the local situation. One basis for the 
suggested order is that inclusion of the preceding 
components of the list in a farmers' management practice is 
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a precondition for him to derive significant benefits from 
adoption of an additional component. Another criterion is 
that suggested innovations should de possible for the 
majority of farmers to accept, given limited financial 
resources for purchase of inputs and restrictions on 
available labor. A third factor which should be noted in 
this context is timeliness of operations. This is usually a 
difficult requirement for farmers to fulfill, given all the 
different commitments on the farm in the planting and 
weeding season. Innovations which are less sensitive to 
timing,-·or which can alleviate the pressure on labor early 
in the.growing season, are therefore more likely to be 
acceptable to farmers than others. 

We start with a situation where our hypothetical farmer 
has a very low management level and moves step-by-step in 
the direction of· higher management levels until optimum 
production is reached, as expressed in recommerided 
practices. · 

The proposed sequence can be used as a checklist for 
extension staff in advising farmers on improvements. It is 
based on experimental results and general knowledge of maize 
production. First tbe sequence is presented in a summary 
format. Thereafter each step of the sequence is discussed in 
more detail. 
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3.2 Sequence of Innovations - A Summary 

Component 

O. "Zero" management 
level 

1. Weeding 

2. Improved variety 

3. Improved 
fertilitya 

4. Pest control 

5. Time of planting 

6. Plant population 

7. Further improve
ment of fertility 

8. Change to hybrid 
seeds and improved 
timing of 
operations 

9. Improved pest 
control 

IO.Additional 
fertility impro
vement. 

Content 

Extremely low management 
(an unusual situation) 

1 weeding, 5-6 weeks after 
planting 

Use of improved seed, 
open-pollinated variety, 
about 15 kg/ha 

Apply 20-40 kg N/ha and 
10-20 kg P/ha 

Use of local insecticide 
Utupa when available and 
required 

Moving planting times 
closer to the optimum for 
the area and variety, weed 
second time 

Increase plant population 
from 25 000 to about 
40 000 plants/ha 

Increase rates by 30-50 
kg N/ha and 10-20 kg P/ha 

Use of suitable variety, 
planted within 2 weeks 
after onset cf rains 

One or several treatments 
required 

Add another 25-50 kg of N 
and 30 kg P/ha. 

Yield 
(kg/ha) 

300 

600 

700 

1 100 

1 150 

1 400 

1 500 

2 500 

2 800 

2 950 

4 000 

a This assumes a low fertility soil. On soils of 
high fertility initial yields may be higher and use 
of fertilizer may not be needed until after stage 5 
or 6. 
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From this list of the suggested sequence we now turn to 
a discussion of the various steps, where arguments are 
presented for the suggested o~der of innovations. 

3.3 Sequence of Innovations - A Discussion 

1. Weeding 

Reducing the competition from weeds in the maize field 
is always beneficial, regardless of ,variety used, fertility 
level, and how other production practices are carried out. 
Ideally the weeding operation whould start early, within 2-3 
weeks after planting and be repeated once or twice as 
required. Late weeding up to 3 weeks before tasseling of the 
maize crop will still have a positive effect compared to no 
weeding. The benefit of weeding late planted maize is less 
compared to early planted maize, but it is still important 
enough to make weeding worthwhile. As shown in Chapter 2, 
trials at Uyole and elsewhere in the Southern Highlands have 
shown dramatic yield improvements as a result of weeding. 

Assuming that 10 days are spent per ha in weeding and 
that a value (money cost for hired labor or opportunity cost 
for family labor) of T. Sh. 25/day is put on labor, an 
additional 125 kg of maize (about) is required as a minimum 
to justify the weeding operation. This is to be compared 
with our estimate that weeding, even done only once and not 
very timely (between 5-7 weeks after planting) may increase 
yield by 100%. In our example we assume a yield increase 
from 300 kg/ha to 600 kg/ha. 

2. Variety 

With improved growing conditions as a result of 
weeding, it may be advantageous for the farmer to use a new 
maize variety, given the availability of an acceptable one 
(better than his local variety) for the farmer's particular 
circumstances. Examples of important features include 
duration of growing season (given the farmer's time of 
planting), fertility conditions, moisture conditions, 
storability, food preferences, and intercropping. 
Experiments have shown that improved varieties commonly 
yield 10-20% higher (at low fertility levels) than farmers' 
own seed. 

Assuming the farmer buys open-pollinated variety seed 
(hybrids cannot be recommended at this level of management), 
and that he renews the seed every third year, the annual 
extra seed cost is between 40 and 70 shillings at current 
official prices. The lower figure represents a seed rate of 
15 kg/ha, the higher corresponds to 25 kg/ha. Normally, 
farmers have a lower than optimum plant population at this 
level of management, and this is not a disadvantage given 
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relatively low fertility levels and the tradition of 
intercropping maize with beans, cowpeas or other crops. 

No extra labor is required for this innovation, except 
for bringing home the seed every third year and harvesting 
the extra yield produced. An extra 100 kg of maize produced 
in this way would make this innovation reasonably attractive 
to farmers. We estimate that this innovation increases maize 
yield from 600 to 700 kg/ha. 

3. Improved Fertility 

Given a reasonable weeding regime and a variety which 
responds well to improved nutritional conditions, mineral 
fertilizers are the next step in our sequence. There are 
other ways of improving the fertility like crop rotation, 
intercropping with legumes, farmyard manure, etc., which may 
be both cheaper and more advantageous for other reasons, but 
for simplicity in determining the response rates, both 
economic and agronomic, we have assumed the farmer uses 
mineral fertilizer. (See discussion in Chapter 2 on 
possibilities of improving fertility in different ways.) 

Use of a moderate amount of nitrogen (20-40 kg N/ha) as 
a side-dressing in one application after weeding, not later 
than 5-7 weeks after planting, is generally a suitable level 
at this stage. In P-deficient soils phosphorus may have to 
be applied (10-20 kg P/ha), at planting, in order to get a 
good response to nitrogen. These are blanket statements, and 
levels need to be adjusted according to the local situation. 
An advantage of the single application of N as a 
side-dressing is that the farmer then can better judge what 
benefit he can expect from fertilizer use relative to the 
crop stand, moisture conditions, pest incidence, etc. The 
quantity of fertilizer applied can then be adjusted upwards 
or downwards according to the farmer's expectations. 

Let us assume, as an example, that our farmer applied 
30 kg of N/ha and 10 kg of P/ha. The fertilizer application 
requires 4 days times T.Sh. 25, and the additional harvest 
labor for the estimated 400 kg of maize is 2 days at T.Sh. 
20. An increase of yield from 700 to 1 100 kg/ha is judged 
as realistic in this situation. 
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The economic consequences of these changes are the 
following: 

Increased yields 400 kg a Gross Benefit (T.Sh. 220/100 kg) T.Sh. 880 

Additional Costs 
Fertilizer N, 30xl0 = 300 

P 10x12.5 = 125 425 

Extra labor 
Fertilizer application 4x25 = 100 
Harvesting 2x20 = 40 140 

Net benefit when labor cost is 
included (880-565) T.Sh. 315 

a Official price of maize has been increased to 
T. Shs 4.00 per kg for 1983/84 buying season. 

Alternatively expressed, the return to labor when 
adopting this piece of technology is T.Sh. 75/day (which is 
about four times the present official rate for rural labor). 
Whether this is attractive enough to the farmer to make the 
change is not possible to answer with confidence unless his 
production alternatives are identified and evaluated. 

4. Pest Control 

Stalkborer is the main insect pest of maize in the 
Southern Highlands. In areas where there are severe attacks, 
control measures of some sort are required. This is 
especially the case in higher altitude locations. 

With improved crop stand and higher yield expectations 
as a result of the preceding innovations, a cheap form of 
controlling stalkborer may well be economically sound from 
the farmer's point of view. Also, control of stalkborers can 
be considered insurance against crop failure and loss of 
capital invested in the production. 

As already mentioned in Chapter 2, farmers in parts of 
Mbeya region use the leaves from a locally grown plant 
(Utupa in Swahili) for controlling stalkborer. Bushes of 
this species are grown adjacent to the field. Farmers take 
the leaves from the bush, soak them in water and squeeze the 
leaves above the funnel of each maize plant. The juice kills 
the larvae. According to a number of farmers interviewed in 
late 1981 this method gives excellent control (3). 
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If Utupa can be verified as an effective pesticide 
against stalkborer, officially approved, and promoted for 
use by farmers, the cash outlay for pest control in small 
farmers' fields can be virtually zero. The cost involved is 
limited to one day's work only. If purchased chemicals are 
involved, the expenditure amounts to T.Sh. 100 or more 
depending on the insecticide used. Given a cash cost 
corresponding to the value of half a bag of maize, it is 
doubtful whether routine application of dawa against 
stalkborer is a wise decision. ~~ 

Pest control under the circumstances outlined here is 
thought to increase yield slightly, from 1 100 to 1 150 
kg/ha. 

5. Time of Planting and Additional Weeding 

As is elaborated in the section on time of planting in 
Chapter 2, early planting is a necessary precondition in 
most areas for high yields. As pointed out, it is, however, 
a rather difficult step for farmers to establish all their 
crops within a short period after the onset of the heavy 
rains. Timing has not been stressed in points 1-4 because of 
the "cost" involved to farmers in moving planting and 
weeding operations closer to the beginning of the growing 
season. Further, the local varieties grown (and it is 
assumed that the same holds also for the improved variety 
introduced under point 2) , are less sensitive to later 
planting dates because of their shorter maturing 
characteristics. In addition, the time-of-planting effect in 
terms of yield increases would be greatly reduced, or even 
nullified, unless the preceding steps (1-4) for improving 
maize production have been taken. 

Ideally, planting of maize should be completed within 2 
weeks after the rains have started. After that, significant 
yield losses are usually incurred. However, depending on the 
method of land preparation and planting and available labor, 
a farm family may be able to plant only 30-40% of the 
required maize acreage within the stipulated time. An 
alternative to continued planting of the same maize variety 
for another 2-4 weeks with dramatic drop in yield is to 
introduce a shorter duration variety for plantings done 
after a certain date. The yield will be lower compared to 
the early planted maize but still greater than if the 
longer-maturing variety was late-planted. The cost involved 
in earlier planting may be considerable, in some cases, as 
the benefit foregone by not planting another crop on time is 
the real cost (opportunity cost) to the farmer. 

The point to be made here is that, with reference to 
high intensity production levels, as will be discussed later 
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under points 7-10, early planting is a precondition for good 
return to investmehts. If the farmer is not able, or for 
other reasons is not prepared, to change his planting time 
to fulfill this requirement, he should not be advised to 
invest in hybrids, nor to use the highest rates of 
fertilizers. 

Innovations which improve the capacity to establish the 
maize crop early, such as land preparation at the end of the 
previous season, are complementary ways of alleviating the 
pressure on labor resources in the critical period at the 
beginning of the new season. 

It is assumed here that the farmer can move his maize 
plantings close to the optimum range of 1-2 weeks after the 
rains begin. This adjustment of time of planting requires 
additional weeding to pay off. Two weedings are usually 
necessary in this situation, the- first after 3 weeks and the 
second after 5-7 weeks. The marginal change would thus be 10 
days of additional weeding and the other consequences of 
earlier planting operations. 

It is suggested that the effect of planting time, in 
combination with the additional weeding, will increase yield 
from 1 15.0 to 1 400 kg/ha. 

6. Plant .Population 

Under conditions of improved fertility levels and 
earlier planting dates, adjustment of population density is 
economically advantageous. Generally, that means moving up 
from about 25 000 plants per ha to about 40 000 plants. In 
an intercropping system the maximum population may be lower. 
The cash cost of an increased seed rate is about 50-75 
T.Sh., given that the farmer renews his composite seed every 
third year (see point 2). There is practically no extra 
labor involved in planting a denser stand. 

Possibly, a day or two may have to be added to the 
weeding operation because of thinning of maize plants and a 
more difficult weeding. The latter depends very much on the 
plant arrangement in the field. The suggested change is 
expected to increase yield by 100 kg up to 1 500 kg/ha. 

7. Further Improvement of Fertility Level 

With a fairly good level of management (according to 
points 1-6) there is now an additional potential for 
producing higher yields. The constraint is fertility. As 
mentioned, increased fertility levels can be achieved in 
different ways (discussed in Chapter 2 of the report). This 
discussion focuses on mineral fertilizer. This does not 
exclude substitution of farm yard manure, crop rotation, and 
other organic ways of improving fertility for mineral 
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fertilizers. Rather, it is a way to illustrate require& 
quantities of nutrients and t~e costs involved; a level is 
established with which different fertility improvement 
alternatives can be compared~ 

At this level of management, another 30-50 kg of N/ha 
can be added to the earlier 20-40 kg, subject to adjustment 
according to location. At this higher rate of N (50-90 
kg/ha), split application (1/3 as basal and 2/3 as 
side-dressing at or after second weeding) is preferable. 
Generally, 10-20 kg/ha of P is also required a( this level 
of production. · 

With these inputs and husbandry practices, a mean yield 
level of 2 500 kg/ha of maize, an increase of 1 000 kg/ha, 
can be maintained over a number of years. The extra benefit 
amounts to 2 200 T.Sh. compared to the additional costs for 
fertilizers of about T.Sh. 600 and some few days of labor 
which would also be required for applying fertilizer and 
harvesting. 

8. Change to Hybrid Seed and Improved Timing of Operations 

At this level of management, it may pay off for the 
farmer to change from a composite to a hybrid variety. This 
implies an additional annual cost of some T.Sh. 225 for his 
seed. In addition, there is a need for being more timely in 
terms of planting, weeding, and fertilizer application if 
the hybrid varieties are to produce at their potential. In 
areas with distinct dry and wet seasons, a maize hybrid 
should be planted within the first two weeks after the start 
of the rains to avoid substantial drops in yields. Given 
that the farmer can begin to plant one week before the real 
rains begin (dry plant) , he has three weeks for establishing 
the maize crop. On many farms, there are usually other crops 
which need to be planted during the same period. 

We think this innovation can increase the mean yield 
level by some 300 kg (from 2 500 to 2 800) and the revenues 
by 300x2.2 ~T.Sh. 660. Deducting the extra cost for the 
hybrid seed leaves 435 T.Sh. ~s compensation for the 
adjcstrnents (better timing) the farmer will have to make in 
his farming system. If casual labor is available, the net 
gain (labor cost excluded) can pay for about 25 man days at 
the present official salary rate (17.80 T.Sh./day) in rural 
areas. 

9. Improved Pest Control 

Additional control measures may be required to avoid 
damages from stalkborer, cutworms, and possibly other pests. 
About 100-150 T.Sh. for chemicals and a couple of days of 
labor input represent the cost involved. A yield effect of 
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150 kg (from 2 800 to 2 950 kg) maize per ha is probably a 
reasonable assumption. The inclusion of this component may 
be a bit doubtful if judged on this result alone. If 
improved control measures are regarded as a precondition for 
higher yields from the next step, the cost incurred may be 
more justified. 

10. Additional Fertility Improvement 

In the high rainfall areas the yield response is linear 
up to 120-150 kg N/ha. Given a hybrid variety and good 
management, as assumed under the previous points, a good 
return to additional quantities of N and P can be expected. 
It is therefore suggested that another 25-50 kg of N per ha 
can be added to the rate given under points 3 and 7. The 
total amount will then be between 75 and 140 kg N/ha. At 
this level of production more P is required, and a total of 
40-50 kg P/ha (addition of 30 kg P/ha) is likely to satisfy 
that requirement. 

With application of 110 kg N/ha and 45 kg P/ha, a mean 
yield of 4 000 kg maize/ha over a number of years is a 
realistic assumption under these conditions. The economic 
consequences of step 10 would then be as follows: 

Yield increase 1 050 kg maize 
Value of extra yield (T.Sh. 2.2 x 1 050) 

Additional costs 
Nitrogen 40 kg N a 10 T.Sh. = 400 
Phosphorous 30 kg P a 12.50 T.Sh. = 375 

Net benefit 

2 310 

775 
1 535 

The extra labor required is lOWi possibly 15 days for 
harvesting and 1 day for fertilizer application. 
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NOTES, CHAPTER 3 

1. This has been documented by several of CIMMYT's 
Adoption Studies. See, for example, "The Diffusion of 
Hybrid Maize in Western Kenya", by John D. Gerhart, 
1974. 

2. Undated paper by T. Stilwell: "Complete Technological 
Packages Versus Single Technological Alternatives". 

3 Field tour done in Chunya and Mbeya district in Nov. 
1981, by Colin Leaky and Ingemar Croon. 
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CHAPTER 4. Maize Production in Different Parts of Mbeya 
Region, Constraints and Possibilities for 
Improvements 

In this chapter an attempt is made to identify the 
major constraints to increased maize production for the 
majority of farmers in different parts of Mbeya region. 
Based on this information and on general knowledge about the 
present farming system in different zones, some suggestions 
are made on ways for farmers to increase their production. 
For some zones there are experimental data to support the 
discussion. For other zones, especially where maize is less 
important, experimental data are scanty~ the reconunendations 
put forward should be regarded as tentative. It is therefore 
desirable to verify the reconunendations by on-farm trials in 
those zones. 

As a part of the Mbeya RIDEP-Project the region was 
divided into thirteen Rural Development Zones {1). They are 
delineated in Annex I:3. For the purpose of discussing maize 
production recommendations the number of zones can be 
reduced slightly, however. The information about the 
different zones is based mainly on the mentioned report. 

4.1 The North Chunya Plain (Zone I) 

Description of Zone and Present Farming System 

This part of the region is characterized by tsetse 
infested miyombo forest on an undulating plain with an 
altitude of 1000-1500 m. The mean annual rainfall is about 
800-900 mm with 5 to 5~ wet months {20% probability, 600-700 
mm and 4-5 months) {2). Deep sandy soils of low fertility 
dominate. 

The pre.sent population of approximately 40 000 people 
live in 14 villages. The population density is low if 
calculated on the total area (1.5 persons/km). The average 
village size of 550 families means however that for 
practical purposes the available land for maize production 
is limited (the maize shamba must be located close to the 
homestead in order for the family members to be able to • 
guard the crop against vermin) • It also means that maize is 
grown in the same field for a number of years. In addition 
to the field near the house, farmers have another maize 
shamba further away where maize is grown in rotation with 
tobacco. 

Principal crops are tobacco, maize, sorghum, 
fingermillet, cassava, and legumes. Intercropping of one or 
several cereals and one or more legumes is conunon. Because 
of the tsetse infestation there is practically no livestock~ 
beekeeping is common among the Wakimbu who are the local 
farmers. 
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After tobacco, for which a new field is opened almost 
every year, the land is either left fallow or used for 
maize. Alternatively, fingermillet may be grown on it. 
Serena sorghum has been introduced recently and promoted 
through political campaigns in the area, and it is now the 
main crop grown communally. Many families have about 0.8 ha 
of tobacco and 1 to 1.5 ha of subsistence food crops of 
which about half is maize. There is only one target group in 
this zone as circumstances and technology are similar for 
all producers. 

Production Limitations and Possible Innovations 

Rainfall is a constraint, with little precipitation in 
April one year out of five. A short duration maize variety 
is therefore a better choice for risk-adverse farmers. 
Further, the risk of a 2-4 week dry period in February is an 
important factor in recommending dates for planting 
different varieties. 

The main soil has low fertility and low water-holding 
capacity. Ways of improving fertility and organic content of 
the soil include integration of cattle and crops in a mixed 
farming system. In the shorter perspective , crop rotation 
and intercropping, supplemented by moderate amounts of 
fertilizers, can improve maize yields considerably from the 
present reported average of 600-700 kg/ha. 

Vermin represent a threat to maturing crops, and this 
problem limits using land further away from villages. Gold 
mining in the wet season competes with agricultural work at 
peak labor periods. 

The noted difficulties are reflected in the maize 
price, up to 600-700 T.shs per 90 kg bag in Chunya in the 
period before the new harvest. 

Little experimentation has been done in this zone. 
There is a substation of the Tumbi Research Institute 
(Tabora) in Mtanila village for tobacco experimentation. 
Some trials in maize were carried out in late 1981 according 
to staff at the station {results were not available) • 
FAO/Kilimo fertilizer demonstrations were undertaken in a 
couple of villages in the 1980/81 season. 
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suggestion for new technological components and 
economic consequences for farmers: 

Varieties: 

Time of 
Planting: 

(1) UCA, and (2) Katumani are suggested as 
alternatives to farmers' own seed. 

UCA, 25th November - 15th December 
After 15th December switch to Katumani which 
can be planted up to 15th January. 

In years with low rainfall in April, UCA is at risk if 
planted late. Katumani planted early reduces risk of crop 
failure from a prolonged dry spell in Fe]>ruary occurring in 
some years. 

Use of Fertilizers 
Maize yield 
kg/ha 

2700 

1950 

1250 

500 

O· 

I 
I 
I 

I I 
I I 

I : 
I I 

I I kg N/ha 
25 5 75 (Max level) 
~~~~-25P'--~~-- kg P/ha 

Add 1 kg P/kg N from 25 N 
up to 50 N 

Assumed: Planted UCA with reasonably good husbandry 
practices. Monoculture.or an intercrop which does not have a 
negative effect on the maize yield. 

This is judged to be the expected response to 
fertilizers and the relevant fertilizer levels to be used in 
this area. The assumed results represent means over a number 
of· years. The yield levels when using Katumani are probably 
30% lower. Seventy-five kg of N is the maximum reconunended 
level of nitrogen, above which point the slope of the line 
may change downwards very quickly. Anything below 75 kg of N 
is judged to give the same response in maize yield per kg of 
N applied. When planting late (after 15th December) reduce N 
application by 30% and P accordingly. The yield may then go 
from about 400 kg at base level to 1 600 kg at maximum. A 
likely economic outcome for farmers of using fertilizers in 
this zone is illustrated below. 
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Different Intensities of Production 

For 1 ha of Maize in Zone I 
Fertilizer rate, kg N 0 25 50 75 

kg p 0 0 25 25 
Maize yield, kg 500 1250 2000 2700 

Revenue shs (2.20 T.shs/kg maize) 1100 2750 4400 5940 

Variable cgsts, T.shs 
Seed b 
Fertilizers (N) 

n (P) 
Insecticide, T.shs 

75 
0 
0 

125 125 125 
250 500 750 

0 313 313 
50 100 

G M 
. c ross argin I 1025 2375 3412 4652 

Labor (Man days) 80 
for base level (at 0 fertilizer) 
Extra labor input (Man days) 
above base level for: 

Fertilizer Application 
Weeding 
Stalkborer Control 
Harvesting, Transporting and 
Shelling (1 day/bag) 

Total Labor Input (Man days) 80 

Return per Man days, T.shs 13 

Gross Margin II d, T.shs -390 

Net Benefit per ha of Investment 

over base level e, T.shs 

80 80 80 

2 4 6 
B 12 16 

1 2 

8 15 22 

98 112 126 

24 30 37 

640 1430 2420 

-790 1407 2227 

Notes: aFor calculation of seed cost see Annex IV. At 
0-fertilizer rate only 15 kg seed/ha assumed, 

b compared to normal seed rate of 25 kg/ha. 
For details on fertilizer cost see Annex IV. 

cRevenue less costs of inputs (seed, fertilizers, 
d and insecticide) . 

Return per ha in T.shs when direct inputs and 
labor cost, at rural rate= 17.70 T.shs/day, are 
deducted. 

eWhen value (opportunity cost or monetary cost) of 
labor in fertilization, extra weeding, and pest 
control operations is calculated at 40 T.shs/man 
day and in harvesting, transporting and shelling 
of the additional produce at 20 T.shs/man day. 

63 



As can be seen from the table it pays for a farmer to 
apply up to 75 kg N/ha and 25 kg P/ha on his maize. Anything 
below tha~ level, from zero and upwards, is also beneficial. 
Farmers who can afford to spend 375 T.shs on seeds and 
fertilizers will earn 1650 T.shs more because of higher 
maize yield (T.shs. 4.40 back for every shilling spent). 
This is if the extra labor involved is not considered. 

If the yield is reduced to 50% in a bad year return to 
labor (per man day) will be the following (from the lowest 
to highest intensity level): 6 T.shs, 10 T.sh, 11 T.sh, and 
13 T.sh respectively, and benefits per ha for the three 
investment levels above the base level would be negative 
(-585, -793 and -743), using the assumptions listed in 
note e. 

For comparison it can be mentioned that a small sample 
of farmers reported a.maize yield of about 700 kg/ha in the 
1980/81 season, produced with 40 days of work. Deducting 
cash costs for purchased ··inputs the return per labor day was 
26 T.shs (at official maize price). Tobacco production, it 
was claimed by some farmers, yielded a return to labor of. 
about 130 T.shs/workday (3). 

4.2 The Central Chunya and Msangaji Dissected Plain 
(Zone II) 

Description of Zone and Present Farming System 

This area has an altitude of 1400-1800 m. The annual 
mean rainfall is about 750 mm providing 4.6 growing months 
(40% probability of 600 mm and 4 months) • Soils are · 
shal,low and stony with low fertil'Ity. 

There are presently about 20 000 rural people who live 
in 11 villages, implying an average village size of 1800 
persons or 360 families. The overall population density is 
low as in Zone I. 

The food crops grown are the same as in Zone I. There 
is no cash crop, however. Small numbers of cattle and other 
livestock are kept in tsetse-free areas. Cultivation is done 
by hand. 

Production Limitations 
!.· 

I~ addition to a moisture constraint, a short growing 
season, and a low soil fertility, farming is negatively 
affected by the lure of gold in Chunya; mining of this metal 
coincides with the critical periods in agricultural 
production. Maize production can hardly become an important 
commercial enterprise in this area, but maize-ugali is 
valued as .food. Parallel market prices are up to three times 
the official rate at certain periods of the year. 
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Possible Innovations 

It is doubtful whether there is an improved variety 
available for this zone which could be superior to farmers' 
own varieties. Trials to compare the best of the local 
varieties with Katumani and UCA could be worthwhile. UCA is 
probably a risky choice for farmers as its maturity may be 
too long for the short growing season in about 50% of the 
years. Katumani is the safer alternative. The critical 
factor under these conditions is early planting to exploit 
the limited rainfall fully. Katumani should not be planted 
later than about the 20th December, subject to closer 
scrutiny of rainfall data for the zone. 

A tentative yield response to increased fertility for 
Katumani is presented below. 

Maize yield 
kg/ha 

1700 

1250 

600 

0 10 20 30 40 50 kg N/ha 

kg P/ha 

Add 1 kg P/kg N, from 30 to 50 kg N. 

Comment: Because of the drier conditions in this zone the 
maximum suggested N-level is lower than Zone I. Further, the 
response to fertilizer is lower. An investment of 300 T.shs 
in N would result in a doubling of the yield (increase of 
about 600 kg maize), and a benefit-cost ratio of 4.4; other 
consequences not considered. 

4.3 The Rukwa Valley (Zone III) 

Description of Zone and Present Farming System (4) 

This zone covers an area along Lake Rukwa in southern 
Chunya and Mbozi districts and continues into the lowland of 
Msangano in southwest Mbozi district. The area is rather 
flat with an altitude of 800-1200 m. The annual rainfall 
amounts to 600-800 mm over a growing season of about 5 
months. The main soils are sandy and sodic, and have low 
fertility and little rooting depth. There are also some 
dark, base-rich topsoils which are more fertile. 
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The present population in this zone amounts to about 80 
000 who dwell in 40 villages with an average size of 400 
families. 2he overall population density is estimated at 17 
persops/km . 

The enterprise pattern includes maize, sorghum, 
fingermillet, groundnuts, beans, and cowpeas on most 
farmers's fields. Farmers also grow sweet potatoes, cassava, 
pigeon peas, greengrams and simsim (sesame} to a small 
extent. Rice is grown in a few villages. Cotton is the major 
cash crop in the Chunya area while f ingermillet dominates in 
the other parts of the zone. Many farmers keep cattle, 
goats, sheep, pigs, and poultry. Some farmers have large 
herds, 50 cattle or more, while others have only a few or 
none. Farmers who do not own cattle or oxen say they would 
like to own them but cannot afford them. 

Maize is the main starch staple in most parts of the 
zone, supplemented by sorghum and fingermillet. Sweet 
potatoes and cassava are emergency foods. 

Serena sorghum is increasing, at the expense of other 
sorghum varieties, because of its earliness, drought 
tolerance and palatability. There is a political campaign to 
increase sorghum production in this zone. Maize is often 
damaged by drought, but it maintains its important position 
in the system, because it is liked as food. 

The cropping calendar starts from August/September with 
collection and burning of residues from last season's crops, 
left after the cattle have grazed on the dry stalks in the 
fields. Land preparation, done primarily by oxen, starts 
after early showers have made the soil soft enough for plow 
penetration in November/December. Farmers say that the 
crop's capacity to compete with weeds increases by plowing 
just before planting. 

Priority in establishment is given to the early 
varieties of maize, sorghum, and fingermillet in order to 
get early food in the new season. Thereafter, legumes are 
planted, followed by cotton where applicable and the later 
maturing varieties of maize and other cereals. Multiple 
plantings for the cereals from November up to February as 
well as for beans, cowpeas, and groundnuts are an important 
management strategy in the area. 

Most farmers grow at least two maize varieties, one 
with short and one with long maturity period. Commonly, 
short and long maturing varieties are mixed in the same 
field. One long maturing variety (Mabandawa} is reported by 
farmers to be high yielding and more resistant to pests. It 
also has better milling quality and better taste. Therefore 
it is grown as the major maize food crop. 
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Monocrop maize is dominant, although there is also some 
intercropping of maize and sorghum, beans, or groundnuts. 
Maize and beans are intercropped for the first bean crop 
only. 

Farmers generally do not buy any inputs for the maize 
crop, contending that fertilizers are not required. Farmers 
think that fertilizer may even be detrimental, as high 
fertility makes the maize grow very tall and green and 
prolongs the development of the crop. This may then increase 
the risk for the crop to be caught in its most sensitive 
stage by the dry spell in February. These points are well 
taken, but ultimately rest on false assumptions (5). 

Maize is eaten first after harvest to avoid storage 
losses. The supply of maize lasts up to October/November. 
Green maize, available by the end of January, supplements 
the sorghum and fingermillet ugali. 

The majority of farmers use oxen which means that 
plowing and transporting, if done with help of draft 
animals, are the men's tasks. Also clearing, planting, and 
herding are predominantly male duties. Women are mainly 
responsible for weeding, harvesting, and threshing 
operations in addition to collecting water and firewood and 
performing domestic duties. Other agricultural operations 
are shared between both sexes. 

Commonly farmers using oxen cultivate 3-4 ha annually. 
Some farmers, notably the Wasukuma, often have much larger 
acreages. Others who do not own or rent draft power have a 
smaller crop area. Maize dominates in terms of land use in 
Songea division, Chunya; sorghum and fingermillet each has 
about the same acreage as maize in Kamsamba. This is 
reflected also in the total cultivated area which is bigger 
in Kamsamba. 

Production Limitations and Possible Solutions 

The basic constraint of the area is the low and 
uncertain rainfall. The incidence of a prolonged dry spell 
in February coinciding with tasseling of the maize crop is 
the most serious problem. Unreliable rains in the beginning 
of the season and early finish of rains in April are other 
parts of this problem. Farmers consider three to four years 
in ten to be bad and caused by low rainfall. As farmers 
cannot afford a total crop failure, their management 
strategies are dominated by efforts to reduce the risk. 
Selection of varieties and timing of plantings become 
crucial in this situation. 

Although land is not in short supply, concentrating 
farmers into villages together with increasing numbers of 
livestock in the area have resulted in a more intensive 
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utilization of land around villages. The consequences are 
shorter fallow periods and decreased fertility. Measures are 
now required to change this trend in order to increase land 
productivity and avoid the disintegration of villages. 
Integration of crop and livestock enterprizes in a mixed 
farming system and use of ley-arable rotations, farmyard 
manure, and small amounts of mineral fertilizers are 
required ingredients to reach acceptable returns to land, 
labor and capital resources in the longer perspective. As an 
important component in this context the potential of 
ox-cultivation should be exploited by developing better 
practices in land preparation, planting, and weeding. These 
practices would allow a family to increase the acreage under 
crop production. 

There are three periods in the ye,ar when the amount of 
work required puts pressure on the available labor force. 
The most important period from a management point of view is 
from November to mid-January when seedbed preparation, crop 
establishment, and first weeding are done. The labor 
constraint at this time often results in poor farming 
practices such as insufficient soil cultivation causing a 
poor seedbed, delayed time of planting, and ineffective 
method of planting with subsequent poor establishment of 
crop stand, or infrequent.and untimely weeding. All of these 
factors together reduce yields considerably and any of them 
may reduce or prevent a viable utilization of other inputs 
such as improved seeds and fertilizers. 

Another period of work pressure is in late January and 
February when all crops need weeding. The weeding capacity 
now sets the limit to the crop area which can be managed 
efficiently. Commonly fields are overtaken by weeds. Farmers 
also mentibn this problem as a major constraint to higher 
yields and increased production. 

The third period when high levels of work are required 
is in harvesting during May, June, and July. Cotton and 
f ingermillet are the two most labor intensive crops for 
weeding and harvesting. The pressure in this period is, 
however, judged by farmers to be less serious compared to 
the other two periods mentioned. 

A research and development strategy for expansion of 
crop production in this zone should seek innovations in 
management which relieves the pressure in the periods of 
crop establisment and weeding. Possible practices which may 
contribute to this strategy include: 

(i) Cultivation at the end of the previous season when 
there is still enough moisture in the soil to 
allow easy plow penetration. This will ease land 
preparation after the start of the new rains: one 
or a couple of ox-harrowings may be enough then. 
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(ii) PJanting methods with low labor requirements and 
crop arrangement in the field which are suitable 
for weeding by oxen. 

(iii)Use of herbicides in minimum tillage techniques. 
This is probably not a first priority innovation 
in the shorter perspective. Farmers are already 
using sprayers for their cotton production and 
with the development of cheaper herbicides it may 
become feasible in the near future. 

(iv) Use of farmyard manure, crop rotation, 
intercropping and mineral fertilizers to prolong 
the use of cleared land, reducing the frequency of 
labor intensive clearing of new land for improved 
yield levels. 

(v) Improve storage methods to reduce the influence of 
the timing of food supplies on resource allocation 
in planting and weeding. 

(vi) Selection of varieties of maize and other crops 
with maturity periods of greater complementarity, 
to allow a better distribution of labor and draft 
power resources in soil cultivation, planting, and 
weeding. 

Little experimental work has bee~ done in this zone. 
FAO/Kilimo fertilizer demonstrations were undertaken in a 
couple of villages in the 1981/82 season. In 1982/83 UAC had 
a trial in Ifuko Village (in the Chunya part) on comparison 
of maize varieties at two different fertility levels (0 N 
and 50 kg N/ha). The varieties include: H 632, UCA, 
Katumani, a local variety of short maturity, and a local 
variety of long maturity. 

Suggestions for new technological components and economic 
consequences for farmers. 

As there are practically no experimental data available 
for this area the suggestions made for varieties, time of 
planting, and use of fertilizers are tentative and subject 
to verification in on-farm trails. 

Varieties 

UCA 

Tuxpeno 
Ilonga Composite (IC) 

Time of Planting 

As early as possible and not 
after 15th December 
15th December - 15th January 
Before 15th December, or 
between 1st and 15th January. 

The basis for proposed planting times has been to 
reduce the risk of the maize crop being damaged by a 

69 



prolonged dry spell in February. The ambition should be to 
have the maize plants at a stage of development well before 
or well after flowering at that time. 

40 50 60 kg N/ha 
kg P/ha 

Add 1 kg P per 2 kg N from the 25 N-level 

Assumed: UCA, Tuxpefio or IC variety (upper line) used in 
monoculture with reasonably good husbandry, Katumani (lower 
line). Continuous cultivation of crops in same field. 

The suggested nitrogen rate goes from O to 60 kg N/ha 
for the UCA, Tuxpefio and IC. The shorter duration variety, 
Katumani, responds less to nitrogen with earlier tendency 
for reduced marginal productivity per unit of Ni therefore, 
it should have a lower maximum limit of fertilizer input. 

The yield levels are. judged possible to reach, on 
average, over a number of years. Naturally, significant 
variation around the expected yield level will occur between 
years. Probable economic consequences for farmers of .usinq 
fertilizers are presented below. 
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Different Intensities of Production 

Based on the above suggested yield responses the 
economic outcome of fertilizer use is noted for UCA, 
Tuxpefio, and IC, for 1 ha of maize in Zone III. 

Fertilizer rate, 

Maize yield, 

kg N 
kg p 
kg 

0 
0 

1000 

Revenue, shs (2.20 T.shs/kg) 2200 

Variable Costs, T. shs 

Seed a 
Fertilizer b 

Insecticide 

Gross Margin I Cwr. shs 

N 
p 

Extra Labor Input (Man days) 
Above Base level 

Fertilizer Appliction 
Weeding 
Stalkborer Control 
Harvesting, Trans
porting and Shelling 
(1 day/bag) 

Total Additior..al Labor 
Input 

. d sh Gross Margm II T. 

75 
0 
0 
0 

2125 

2125 

Net Benefit per ha of Invest
irent over base level e.i_..sh 2125 

25 
0 

1600 

3520 

125 
250 

0 
0 

3145 

2 
8 

6 

16 

2862 

2625 

40 
7.5 

2000 

4400 

125 
400 

94 
50 

3731 

4 
10 

1 

10 

25 

3288 

2931 

50 
12.5 

2250 

4950 

125 
500 
156 
75 

4094 

6 
12 

2 

12 

32 

3527 

3054 

Notes: ~r seed rate assurred (15 kg/ha). For seed cost see 
b Annex IV. 
For fertilizer cost see Annex IV. 

60 
17.5 

2500 

5500 

125 
600 
219 
100 

4456 

6 
16 

2 

15 

39 

3765 

3200 

cRevenue less cost of inputs (seed, fertilizers, and 
insecticide). 

~turn per ha when additional labor cost, above base level, 
is included at official rate (17.70 T.shs/day). 

E?.aa.itional labor valued at 40 T.shs/day to fertilize, 
weed, and dust, and 20 T.shs/day to harvest, etc. 
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The economic margin of investing in fertilizer is quite 
good when excluding the cost of additional labor (the farmer 
gets about 3 T.shs back for every shilling invested). If a 
high opportunity value is put on labor, however, especially 
in the planting and weeding periods when labor resources 
commonly are heavily committed, investment in fertilizer 
above 40 kg N is not worthwhile, considering the increased 
risk involved. 

4.4 The Mbozi, Isuto, Ndola and Ilindi Plateau (Zone IV) 

Description of Zone and Present Farming System 

This zone has an altitude from 1400 m in Mbozi to about 
1800 m in Isuto. It is characterized by undulating country 
with some flat, seasonally water-logged depressions (mbuga). 
The growing season is about 6.5 months with a mean annual 
rainfall of 1100-1200 mm (40% probability, < 1000 mm and< 6 
months; 20% probability,< 600 mm and< 5 months). Brownish 
ash soils with moderate fertility dominate. There are also 
deep, red, moderately fertile soils and other soils of low 
fertility. 

The present population of 160 000 people lives in 85 
villages. The overall population density is 44 persons per 
square km. It is projected that by year 2000 there will be 
about 300 000 rural people in this zone requiring 200 
villages (1500 persons/village). Over this period the 
potentially arable land area available per economically 
active person will be reduced from 2.6 ha to 1.4 ha. 

The main starch crops grown by most farmers are maize, 
fingermillet, cassava, sweet potatoes, and bananas. The most 
important protein crops include beans, cowpeas, groundnuts, 
and pigeon peas. Most families ha~e cattle, and many farmers 
use oxen for draft. Coffee is the main cash source, and it 
is grown by nearly all farmers. Intercropping of maize and 
beans is common, although monoculture predominates. 

The traditional farming system in this area was based 
on soils improved with grass moulds which, together with 
long fallow periods, gave a fertile, weedfree environment 
required for good crops of f ingermillet. Introduction of 
coffee and oxen, and villagization and population growth, 
have changed the situation dramatically to more continuous 
use of land (land is now fallowed one year out of four, at 
the most) requiring new management practices and inputs to 
maintain land productivity. 

Mbozi produces surplus maize. A typical farmer may crop 
3 ha, of which nearly half is coffee and one third is maize. 
Farmers in this zone generally use more purchased inputs for 
their maize compared to farmers in other areas of the 
region. 
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The majority of farmers hand cultivate. Many use oxen 
to prepare a flat seedbed. Those who do not possess oxen can 
hire oxen if they can pay the cost (at least 625 T. sh/ha). 
There are also a few tractors which can be hired. Men are 
responsible for land preparation, assisted by women when it 
is done by hand. Women do most of the work in planting, 
weeding, harvesting and threshing, assisted by men in the 
first three mentioned operations. The work in the main crops 
like maize and coffee is shared between men and women. For 
minor crops like beans and groundnuts women are responsible 
in terms of labor input. 

Production Limitations and Possible Solutions 

The precipitation is generally enough for maize 
production. The rather low natural fertility is, however, a 
constraint on production, and measures to i'hcrease the land 
productivity are required as a part of the maize husbandry. 

There are enough oxen in the area for cultivation. The 
constraint is, according to farmers, lack of implements 
(plows and spare parts for plows, weeders and carts). Oxen 
are only used for plowing. This operation can be started 
before the rains, although it is not common for farmers to 
do so. The low utilization of oxen is reflected in the 
present farming systems where the labor constraints are in 
crop establishment and weeding. 

A fair amount of experimentation in maize has been done 
for this zone at the UAC-substation in Mbimba, at the 
Magamba maize farm and in a limited number of villages (the 
last within the Village,, Research Program). Further, 
demonstrations of the use of inputs and other farming 
practices have been carried out in a number of villages by 
the National Maize Project. 

Suggestions for Maize Production Improvements 

Given the possibilities to expand the cultivated 
acreage by use of animal draft power for many operations, it 
can be argued that maize should be grown under natural 
fertility conditions at low cash costs for farmers. All 
their financial means should be used for coffee production. 
On the other hand, the favorable moisture conditions and 
climate, in general, provide a good base for high production 
levels of maize. It is likely that a well managed maize 
production, in rotation or intercropped with beans, is a 
very competitive enterprise in this area, and it should thus 
be considered as a commercial crop, as important as coffee. 

The recommendations for this area reflect the better 
conditions for more intensive production levels. Hybrids are 
feasible given fair levels of management and fertility (see 
Chapter 2 for general discussion on this issue) , and higher 
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maximum fertilizer rates are possible with maintained 
marginal productivity of nitrogen. 

Varieties 
UCA 

H 614 

H 6302 

Use of Fertilizer 
Maize yield 
kg/ha 

Time of Planting 
As early as possible, not 
than 15th Jan. 
As early as possible, not 
than 20th Dec. 
As early as possible, not 
than 10th Dec. 

4250 ---- -------- --------------
4000 

• 

3250 
3000 

2500 

2000 

1500 
1100 

1000 

0 25 50 75 100 

0.75 kg P per kg N over who.le range. 
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later 

later 

later 

614 
6302 

j'UCA 

I 
I 
I 
I 
I 
I 
1 
I 
I kg N/ha 

120 
kg P/ha 



The yield level of the hybrids is about 10% better than 
UCA, at low fertility, and increases up to 25% above UCA, at 
high fertility. Soils are deficient in phosphorus, and p 
must therefore be added from the 0-level of N in order to 
get a good response to nitrogen. It is recommended that N be 
reduced by 30%, and P accordingly, when UCA is planted after 
1st January. 

In economic terms, the farmer using fertilizers gets 
about 3 T.shs back for every shilling invested in N and P 
over the entire range (from O up to 120 N). This is for 
hybrids. For UCA the corresponding ratio is about 2.1 to 1. 

As has been illustrated for other zones, more labor is 
also required in the busy periods of planting and weeding in 
order to achieve the suggested increases in yield. The 
particular situation for the individual farmer in terms of 
the cost he will incur for additional labor during the 
mentioned periods is one determining factor of how much 
fertilizer he should apply. Also, it is a question of how 
much the farmer can afford to buy, of course. For example, 
fertilizer containing 50 N and 40 P costs 1000 T.shs. In 
addition, there is a seed cost of 350 T.shs (hybrid) and 
another 100-150 T.shs for insecticides. For this cash outlay 
of 1500 T.shs the farmer will gain about 1400 kg of maize, 
worth 3080 T.shs, compared to the UCA variety at zero 
fertilizer and insecticide level. Assuming an extra labor 
input of 25 days in fertilization, and additional weeding 
and harvesting, it would mean a return per labor day for the 
additional labor of (1355 T.shs/25) 54 T.shs. This includes 
also the difference in seed cost of 225 T.shs between the 
hybrid and UCA (see Annex IV on costs). 

4.5 The Ndalambo Plateau, South-West Mbozi and Katende 
Plain (Zone V) 

Description of Zone and Present Farming System 

This zone has an altitude of between 1200 and 1700 m. 
The area is drier than the Mbozi plateau, with a mean annual 
rainfall of 950 mm and 6 wet months (40% probability, < 850 
mm and < 5 months; 20% probability ~ 600 mm and < 4 months). 
The rainfall is lower than these figures show on the Katende 
Plain. Soils are mainly shallow, overlying ironstone or deep 
sands, with some better deep, red soils in the extreme east 
on the piedmont slopes. There are some 60 000 people in this 
zone living in 40 villages. · 

The farming system is based on fingermillet and maize 
as main starch sources, beans and groundnuts as the main 
protein crops, and livestock. Serena sorghum has been 
introduced recently. Maize and fingermillet plantings begin 
immediately after the rains start in November to provide 
first food of green cobs and fingermillet in February. 
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Normally, two crops of beans are planted of which the 
first is intercropped with maize in the November/December 
planting. 

Some farmers use oxen for cultivation and in a few 
villages, donkeys are used for carrying. The ox-users 
normally manage to establish their crops earlier than the 
hand cultivators and are thus able to manage the peak period 
in December - January in a better way. 

A typical farm family has about 3 ha under crops of 
which fingermillet accounts for half, followed by maize, 
groundnuts, and beans, in terms of acreage. Only a few 
farmers apply fertilizer on maize. 

Production Limitations and Possible Solutions 

Unreliable rainfall, low fertility of upland soils in 
most of the area, and poor drainage of flat soils are the 
main physical constraints. There is plenty of unused land 
although the better lands around villages are now generally 
fully utilized. Decreasing fertility near villages is 
becoming a problem as a result of shorter fallow periods. 
Fertility maintenance is therefore central to the 
development of agriculture in this zone. Integration of 
liv~stock and crops in a viable farming system is an 
important part of the solution to this problem. 

Maize can be expected to increase at the expense of 
fingermillet because of a decreasing base for traditional 
f ingermillet production and because maize is better suited 
to ox-mechanization and intensive cultivation in the village 
context. The labor productivity in maize production is also 
higher compared to fingermillet. 

The only local tests of maize varieties and fertilizer 
use are a few demonstrations undertaken by the National 
Maize Project. The recommendations below should therefore be 
considered as tentative until verified by on-farm trials in 
the area. 

Suggestions for Varieties and Fertilizer Use 

Because of the significant rainfall variability within 
the area, two different situations are discussed: one 
represents the drier areas of the Katende plain (mainly) , 
and another depicts the relatively better areas of the zone 
in terms of precipitation. There is a need to identify the 
local moisture conditions of this zone in more detail for 
selection of varieties. 
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Varieties Time of Planting 

Katumani (in drier locations) Onset of rains - 20th December 
UCA (in relatively wetter 
locations) Onset of rains - 20th December 
H 614, H 632 (possibly, in 
best locations) Onset of rains - 8th December 

Planting after these dates means a higher risk for crop 
failure. 

Use of Fertilizer (UCA in wetter locations) 

Maize yield 
kg/ha 3000 

2500 

2000 

900 

0 25 50 75 kg N/ha 
kg P/ha 

Add 1 kg P/kg N from 25 up to 65 N 

When planting after recommended dates above it is 
advisable to reduce the fertilizer rate by 30%. 

The response here is 28 kg maize per kg N. Applying 50 
N and 25 P per ha gives a benefit-cost ratio of 2970/812 = 
3.65. This is when other consequences (i.e.labor) are not 
considered. 

Katumani in drier locations 

Maize yield 
kg/ha 

1300 

850 

500 

0 25 kg N/ha 
Kg P/ha 

Add 10 kg P, 1 kg P/2.5 kg N from 25 kg N/ha 

For Katumani the benefit-cost ratio of applying 25 kg N/ha 
is 770/250 = 3.1 
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4.6 The Usansu Plain (Zone VI and VII) 

Description of Zone and Farming System 

This zone is a flat lake plain with sandy fans 
overlying sodic lake beds. The altitude is i000-1200 m, and 
the mean annual rainfall is about 650 mm with 4 growing 
months (20% probability,< 500 mm and< 3 months). The 
present population in this area amounts to about 100 000 who 
live in 60 villages. For the purpose of discussing maize 
recommendations, the two zones, North and South Usangu, can 
be combined into one area. 

Most farmers grow paddy under flood irrigation and 
maize under rainfed conditions. These crops account for the 
major part of the cultivated area. Rice production dominates 
in the southern part of the zone while maize and sorghum are 
relatively more important further north. Livestock is kept 
in large numbers by the pastoralists, many of whom also 
cultivate maize and sorghum in the central area·near the 
Great Ruaha River. 

Farmers start cultivation of maize fields iri 
November-December at the onset of the rains. Beans and 
sometimes groundnuts are then interplanted in the maize. A 
rough e.stimate is that between one-half and two-thirds of 
the farmers hand cultivate, about one third use oxen, and 
5-10% cultivate by tractor. The trend is towards increased 
use of oxen. Small amounts of fertilizers are applied on 
maize by some farmers. 

Production Limitatiops 

Unreliable rainfall is a constraint in this area with 
about one year out of four being too dry for most crops 
grown under pure rainfed conditions. There is a labor peak 
in January/February for cultivation, transplanting of rice 
and weeding. Increased use of draft power and other suitable 
mechanization is thus required to expand the farming system. 

Experiments on maize variet1es and use of fertilizers 
have been undertaken in a few southern locations in the zone 
(Village Research Trials). The recommendations presented 
below are based on the results from four years of 
experimentation. 
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Suggestions for Varieties and Use of Fertilizer 

Varieties 

Ilonga Composite 
Tuxpeno 
UCA 

Use of Fertilizer 

Maize yield 
kg/ha 

2800 

2200 

1800 

1000 

0 25 

Time of Planting 

Onset of rains - 15th January 
" 

Onset of rains - 15th December 

No significant difference between 
varieties here 

50 kg N/ha 

Phosphorus is presently not required in this zone. Over 
the long term P may be needed for achieving high yields, 
however. 

The diagram represents the judged relationship between 
increased nitrogen rate and yield for all three mentioned 
varieties. As the natural fertility level is relatively high 
in this area the yield response per kg of N is lower here 
than in other zones (20 kg maize per kg N). As Pis not 
required, the benefit/cost ratio (2200/500 = 4.4) of using 
fertilizer is still high, however. 

4.7 Central Mbeya (Zone VIII) 

Present Farming System 

This zone has at least two different sub-areas in terms 
of maize production: the Uyole Plain in the east with an 
altitude of 1800 m and a reliable mean annual rainfall of 
about 900 mm over 6 growing months1 and Songwe Valley in the 
west where maize and beans are grown under much drier 
conditions (possibly some 700 mm at an altitude of about 
1200 m). 

In the east, maize, wheat, fingermillet, potatoes, 
beans, peas, and pyrethrum are the main crops. Coffee is 
grown at the lower altitudes in the Mbeya mountain range. 
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As the Uyole Agricultural Center is located in the 
eastern part of the zone a substantial amount of research 
information is available for this area. Experiments at the 
Songwe Prison Farm provide the basis for the suggestions 
pertaining to the lower and drier part of the zone. 

Sugges~ions for Varieties and Fertilizer Use 

Varieties 

(The Uyole Area) 
UCA 

H 614 

H 6302 

(The Songwe Area) 
UCA 

H 632 

Use of Fertilizer 
(The Uyole Area) 

Maize yield 

Time of Planting 

At the onset of the rainy 
1st Jan. 
At the onset of the rainy 
15th Dec . . ·,,,. 
At the onset of the rainy 
10th Dec. 

At the onset of the rainy 
1st Jan. 
At the onset of the rainy 

· 15th Dec. 

kg/ha 4000 ------------------- (4000} 

3000 

2000 

1000 

0 25 50 75 
30 p 

100 

"""-.!,H6302 
lH614 

""'-l( 3 2 0 0} 
: (UCA} 
l 
I 
I 

120 
' 

season -

season -

season -

season -

season -

kg N/ha 
kg P/ha 

Add 1 kg P per kg N until: 30 P, starting at 25 N. 

A hybrid variety is more expensive to the farmer· than 
an open-pollinated variety because of higher price per kg 
seed and because :it needs to be renewed yearly. The 225 
T.shs; which represent.the. difference in annual seed cost 
per ha (see Annex IV for cost calculation}, correspond to 
the price of about 100 kg of maize. These figures suggest 
that a farmer should switch to a hybrid. at a fertilizer rate 
of about 20-25 kg N, where the yield difference between UCA 
and a hybrid is. at least 100 kg. The benefit-cost ratio for 
the hybrids in this area is about 4.2, on average over the 
whole range of fertilizer levels (other costs not included). 
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For Songwe it is likely that a feasible nitrogen rate 
should not exceed 80 kg N/ha. The response line to that 
point is judged to have the same slope as the "UCA line" 
under Uyole conditions. 

4.8 The Ilembo Plateau and Poroto Mountains (Zone IX) 

Description of Zone and Farming System 

This zone consists of a rolling plateau in the Ilembo 
area and a dissected escarpment in Poroto. The altitude 
range is 1900-2400 m, and there is a frost risk in some 
locations. The rainfall varies between 1000-2000 mm over the 
area, and the growing season is 8-9 months. Land is mainly 
used for pyrethrum, potatoes, maize, and wheat. Maize is 
sometimes intercropped with beans. 

Maize - ugali is preferred for food, with potatoes as a 
second preferred starch source. Potato production is 
expanding rapidly and is now the main cash earner. 

Production Limitations and Suggestions 

This is not a suitable area for maize production. The 
main problems are heavy rains at the end of the season which 
cause ears to rot in the field. Frost represents an 
additional constraint on this crop. Further, the present 
varieties are too susceptible to ear and stalk rots to be 
suitable for the environment. 

According to the experimentation done in this zone the 
best planting time is early October for hybrids. Possibly an 
early-maturing variety with good disease resistance could be 
an alternative to the present long-term varieties. 

Fertility does not seem to be a critical constraint at 
this time. Farmers report high yields without applications 
of fertilizer. The crucial factor in this farming system is 
erosion control, and cultivation methods and cropping 
patterns should be introduced which take that into account. 

4.9 The Isoko Dissected Plain, Tuku u Volcano and Run e 
Valleys, and the Kyejo, Makate, and Muga]a Areas Zone 
X and XI) 

Description of Zone and Farming System 

These two zones can be thought of as one for the 
purpose of making maize recommendations. It should be noted, 
however, that the zones have significant internal variation. 
The area is a hilly, dissected lava plateau with an altitude 
range of 900-1800 m. The rainfall is between 1700 and 2400 
mm, and there is some precipitation every month of the year. 
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Maize is the main starch food and is complemented by 
bananas and other crops. Maize is usually interplanted with 
beans or groundnuts. Coffee and tea are important cash 
crops, although banana is the main cash crop for most 
families. 

Production Limitations and Suggestions 

Most of the potential farmland is under continuous 
cultivation, and, as a result, farming is now spreading to 
steeper slopes with serious erosion susceptibility. 

As is the case in Zone IX, maize production is hampered 
by heavy rains in the harvest period causing cob rot and 
difficulties in drying the crop. {UAC has planned 
experiments for this area focusing on varieties and the best 
time of planting}. In the absence of consistent experimental 
data for the major part of this zone (besides some 
demonstrations by the FAO/Kilimo Fertilizer Program) the 
recommendations are tentative. 

Varieties 

UCA 
H 614 
H 6302 

Time of Planting 

Not later than mid December 
" " mid November 
n n n 

Comment: Trials have shown dramatic drops in yields for late 
maize plantings. 

Use of Fertilizer (UCA) 

Maize yield 
kg/ha 

2800 

2000 

1750 

1000 

0 25 50 
-----25 

60 kg N/ha 
kg P/ha 

Add 1 kg P per kg N, between 25 and 50 N. 

The hybrids yield about 20% more than UCA at a 
fertilizer rate of 60 N. The average benefit-cost ratio (for 
UCA) over the suggested range is 3960/902 = 4.3. This is 
when the value of the additional maize yield is compared 
with the cost of fertilizers applied. As mentioned, there 
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are also other consequences which must be considered before 
the final choice can be made. 

4.10 The Masukulo Terrace and Kyela Plain {Zones XII and 
XIII) 

The Masukulo Terrace is a transitional zone between the 
higher altitude areas of Rungwe and the lower altitude plain 
of Kyela. Maize is a minor crop in both Masukulo and Kyela, 
and it is possible to merge the two zones for the purpose of 
discussing maize production. 

The altitude range of this combined zone is 500-900 m. 
The annual rainfall is about 2500 mm with a growing season 
of 8-9 months. Rice is the major food and cash crop in the 
plain, and cocoa is expanding as a cash crop in the Masukulo 
area. Minor acreages of maize are grown for food, mainly for 
green cobs, often intercropped with beans and/or groundnuts 
on the levee grounds and on higher lying land of the river 
basins. 

Nothing has been done in terms of maize experimentation 
for this area as maize is unimportant here. A first step in 
improving maize production here, when other more important 
zones have been covered more fully, could be to test a 
number of varieties and planting times. 

83 



NOTES, CHAPTER 4 

1. Mbeya RIDEP-Report by I. Croon: "Development of the 
Farming Systems in Mbeya Region", March 1982, 
Government of Tanzania/FAQ, MBEYA RIDEP PROJECT. 

2. The number of wet months (or growing season) is the 
period of the year when there is soil moisture enough 
to support plant growth. 

3. Mbeya RIDEP-Report by Henry Mwaipyana. Survey done in 
October - November, 1981. 

4. This section draws on an exploratory survey done in 
this area in 1981 by a research team from Uyole 
Agricultural Center. 

5. The farmers' arguments are plausible; it is true that 
some nitrogen dificiency can seen functional under 
conditions of unreliable rainfall. That is such a 
deficiency is often associated with increased root 
growth and eraly leaf senescence. Both phenomena can 
mask the effects of drought damage to the plant, 
although yield will be much reduced. 

The arguments are ultimately specious, however, since 
they rest upon the false assumptions that the effects 
of drought are immitigable, and that increased 
fertility worsens these effects. On the contrary, 
however, a judicious selection of variety and planting 
time can lessen drought damage, even with improved 
fertility, and will maximize yield. 

84 



CHAPTER 5 Maize Production in Selected Parts of Rukwa 
Region, Constraints and Possibilities for 
Improvements 

Rukwa region has been divided into five agro-economic 
zones based on ecologic and economic criteria. The zones 
are: the Rukwa Valley, the Ufipa Plateau, the Lake 
Tanganyika Shores, the Mwese Highlands and the Miyombo 
Woodland (1; See Map 4 in Annex I). 

Maize production is significant in all zones except the 
Lake Tanganyika Shore. Among the four zones growing maize 
only two will be discussed here: the Ufipa Plateau, the most 
important maize growing area in Rukwa, and the Miyombo 
Woodlands or Katumba Plain in Mpanda district. Experimental 
work on maize has been conducted in these two areas with 
emphasis given to the Ufipa Plateau. 

The Rukwa Valley agricultural system includes maize as 
an important and expanding crop. The farming system here 
resembles in many ways the system described in Zone IV of 
Mbeya, with the difference that cotton is not grown here. As 
this area has not been the focus for any research or 
development work on maize, the basis for making specific 
suggestions is weak. This zone is not discussed further. 

The Mwese Highlands form a minor but high potential 
zone in the north-west. As there is no specific information 
available on maize production in this area it also is 
excluded from further discussion. 

5.1 The Ufipa Plateau 

Description of Zone and Farming System 

The Ufipa Plateau has 1.2 million ha of land in total. 
It is the most populous zone in Rukwa region with about half 
of the regional rural population, presently about 250 000. 
With an altitude of 1400-1900 m, a mean annual rainfall of 
800-1200 mm, and reasonably fertile soils, the potential for 
maize production is good. This is also reflected in the 
rapid expansion of this crop in recent years. 

The present farming system is based on maize and 
fingermillet as main starch staples, beans supplemented by 
groundnuts as the main protein crops, and livestock for food 
and draft. 

The Uf ipa farming system is changing rapidly as a 
result of increased use of oxen and of villagization a few 
years ago. These two factors have had a major impact on the 
traditional green manuring system and shifting cultivation 
practice which gave fertile and weed-free fields required 
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for good crops of fingermillet. With increased local 
population density, shifting cultivation is now practically 
excluded. 

A 1977 survey of Ufipa farmers reported their farming 
practices and purchases of inputs (2). Of the interviewed 
farmers, 98% had planted maize in the 1977/78 season. Eleven 
percent reported purchase of improved seeds, 59% planted in 
pure stands, and 41% intercropped. Maize plantings were 
spread over the period September to February with November 
32%, December 39% and January 18%. Row planting (45%), 
usually by dropping the seeds after the plow, and 
broadcasting (52%) were the dominant methods of planting. 
About one fourth of the farmers used farm manure and 
fertilizers (mainly N). Those farmers purchasing fertilizer 
spent an average of 90 T.shs. Only 5% of the farmers 
reported use of insecticide in the field while 26% used a 
chemical for protection of maize in storage. Farmers 
indicated that maize stored badly compared to fingermillet, 
government varieties being particularly prone to damage by 
weevils in storage. Seventy-five percent of farmers thought 
it was feasible to store maize between 5 and 8 months. 

Limitations to Production and Possible Solutions 

There are a number of constraints facing farmers in 
this zone: decreasing soil fertility as a result of near 
continuous cultivation of land around villages; uncertainty 
of rainfall caused by an early finish of the rains in March 
in some years; and labor constraints in the November -
January period when land is prepared for fingermillet, 
maize, and beans, and again in June - July when 
fingermillet, maize, and beans are harvested. 

A key issue in expanding the agricultural 'system on the 
Uf ipa Plateau is to change the downward fertility trend. 
Crop rotation, use of farm-yard manure, and moderate levels 
of mineral fertilizers all are possible solutions. Another 
important measure is to reduce the main labor peak in 
November - January by using oxen more effectively for land 
cultivation and weeding. The second busy period in June -
July will lose its importance over time as a result of 
decreasing fingermillet acreages. 

With this presentation of some of the major development 
opportunities and problems facing Ufipa farmers, some 
proposals are made on maize varieties and use of mineral 
fertilizers for this zone. The recommendations are based on 
trials at different locations in the Zone. 
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Suggestions for Varieties and Use of Fertilizer 

Varieties Time of Planting 

UCA As early as possible, not later than 1st January 
H 614 
H 6302 

" " 10th December 
n " 10th December 

Early finish of rains in March/April some years means 
that farmers take a risk when planting late. After the 
mentioned latest dates farmers may benefit from switching to 
some of their local varieties which have shorter maturity 
periods. At least three local maize varieties are used by 
farmers in this zone: 

Name 

Mof at 
Kalimwa 

Names a 

Use OL Fertilizer 

Maize yield 
kg/ha 

3500 
3400 

3000 
2800 

2000 
1700 

1100 

1000 

0 

Add 

Characteristic 

Takes 4 months to mature; 
Shortest-term variety known by farmers, 
used for planting in February; 
Reported to be more resistant to weevils 
during storage. 

25 50 

0.5 kg P/kg N up 

H 614 
H 6302 

UCA 

60 

~ 60 N 

kg N/ha 

kg P/ha 

5.2 The Miyombo Woodlands (Katumba Plain) 

This zone is characterized by tsetse-infested 
woodlands. The altitude is between 1000-1500.m. The mean 
annual rainfall is 900-1200 mm. Sandy soils dominate. Most 
of the cultivation takes place in relatively densely settled 
villages and refugee settlements. The over211 population 
density is low, however, only 3 persons/km . 
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Maize is the most important crop followed by tobacco, 
groundnuts, and beans. There is little livestock because of 
the risk of trypanosomiasis. Fertility is maintained by 
cutting and burning branches (Chitamene) and by using medium 
fallow (one year cultivation and three year fallow) where 
the plot is left and allowed to revert to s~condary bush. 

A major constraint in this zone is the lack of cattle 
and draft power. In order to expand production in this 
system, livestock are required for improvement of fertility 
and for increasing the capacity of cultivation. 

Another type of constraint for increased maize 
production is the risk of a dry spell in February in some 
years. This fact should influence recommendations for 
varieties and planting dates. 

A limited amou~t of experimentation in maize and a few 
maize production demonstrations have been conducted in this 
area. Based on this information a few suggestions are made 
below. 

Suggestions for Varieties and Use of Fertilizers 

Varieties 

Ilonga Composite 
Tuxpefio 
UCA 

Time of Planting 

1st - 31st January 
II II 

15th - 31st December 

The purpose of the suggested planting dates is to 
minimize the damage to the maize crop from a possible dry 
spell in February. The maize plants should therefore not 
have reached the flowering stage at this critical period. 
Farmers planting UCA take a higher risk. 

Use of Fertilizer (IC or Tuxpefio) 

Maize yield 
kg/ha 

2200 

1800 

1400 

1000 

0 20 40 kg N/ha 

No P-fertilizer should be applied here; po 
response to P in trials. 
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NOTES, CHAPTER 5 

1. This was done as a part of the Rukwa Rural Integrated 
Development Programme, See Part 1, Draft Report, 
BRALUP, A. Sandberg, 1976, from which some of the 
information in this chapter is taken. 

2. Planning an Adaptive Experimental Programme on Maize 
for Farmers of the Uf ipa Plateau. Collinson, Croon, 
Mkindi, Research Report No. 27, 1980, UAC. 
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CHAPTER 6 Maize Production in Selected Parts of Iringa 
Region, Constraints and Possibilities for 
Improvemnts 

Iringa region was divided into five major farming 
system zones (or regional planning areas) as a part of the 
RIDEP Project (1). The zones were delineated on the basis of 
farmers' views and judgment on the suitability and 
productivity of different areas for various crops and 
livestock enterprises. The choice of dominant crops and 
animals in the farming system was related both to their 
current and to their potential importance. The five zones 
are described briefly below. See Map 5 in Annex I for 
location of zones. 

The High Rainlands cover the eastern fringe of all 
three districts in the region and the Ukinga Highlands. The 
altitude is 1300-2300 m and the mean annual rainfall amounts 
to 1200-1300 mm in four years out of five. Soils are dark 
loams of moderate to low fertility. Major crops are tea, 
pyrethrum, wheat, and maize. Th±s area is important; about 
one-fourth of the region's population live here. The extreme 
altitude, low temperature and frost have limited maize 
production. Therefore no recommendations have been given. 
Earlier-maturing, frost-tolerant varieties may help to make 
this a better maize area. 

The Upper Plateaus include central Muf indi and major 
parts of Njombe with an altitude of 1400-1800 m and with a 
mean annual rainfall of 750-1250 mm in four years out of 
five. Soils are generally of low fertility. Pyrethrum, 
wheat, and maize are the principal crops. Approximately 30% 
of the regional population live in this zone. 

Maize experiments have been conducted in this Zone by 
TANWAT. Although this work has focused on technology for 
large scale farming some of the information is also useful 
as a basis for discussing small farm maize production. 
Further, the use of fertilizer has been demonstrated in 
villages through the FAO/Kilimo - Fertilizer Program. 

The Medium - Dry Intermediate Zone covers the west of 
the region between the high plateaus and the Usangu Plains. 
The altitude here is 1300-1500 m; rainfall diminishes 
rapidly westward and unreliability increases. Four years out 
of five rainfall exceeds 500 mm per annum (2). However, at 
Ismani sub-station rainfall data for the five seasons from 
1974/75 up to 1979/80 show two years with only about 400 nun 
and one year with 490 mm. Soils are shallow, stony, sandy 
loams and sandy, dry loams of low fertility. In spite of the 
limited natural potential more than one third of the 
Region's population live in this zone which covers about one 
fifth of the regional land area. Chief crops are maize, 
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sunflower, and tobacco. Cattle are also important. Maize 
trials of different types have been conducted at Ismani 
since 1974/75. An experimental program for maize production 
has now (1982/83) been started by the Region (3). 

The Dry Northern Fringe covers a large area but 
supports only a small fraction of the total population. The 
Ruaha Game Park is a major part of this zone. Rainfall is 
low, and soils are sandy and of low fertility. Cattle are 
important here, and some paddy, maize, and oilseeds are 
cultivated in the valleys. No specific information is 
available on maize production. 

The Lake Nyasa zone is not important for maize 
production. Fishing is the major activity supplemented by 
cultivation of cassava and some paddy. 

After this general description of the region two of the 
zones are discussed in terms of maize production technology. 

6.1 The Upper Plateaus 

Description of Farming System 

Major parts of Iringa region have below average 
evapotranspiration for Tanzanian conditions due to the 
prevailing cloud cover associated with the high relief. This 
is especially marked in Western Njombe district. The 
rainfall is therefore quite effective for plant growth as 
long as the soils are sufficiently absorptive, deep, and 
retentive to maintain the moisture supply required. 

Maize is an important crop for this zone. According to 
survey results (1980/81) from 3 villages (20 households in 
each) in Njombe district, each household grew about 1.3 ha 
of maize. From this acreage about 2100 kg maize were 
produced, corresponding to a yield level of about 1600 
kg/ha. In order to produce this crop an average of 
approximately 500 shs in total were spent on inputs 
(including such seasonal inputs as seeds, fertilizers and 
insecticides, cost for hired labor and ox or tractor 
plowing)• Of the total production of maize, 1200 kg (57%) 
were sold and the rest consumed in the household (about 160 
kg per household member). The average cash expenditure on 
maize (per ha) was 370 T.shs, of which 330 were used for 
seasonal inputs and 40 for hired labor, ox-plowing, or 
tractor services. Eighty-six percent of the farmers used one 
or more of the mentioned purchased inputs (4). 

A present major constraint in many areas is the lack of 
plows and other implements for ox-cultivation and weeding. 
Also ox-carts are in short supply. Ox-cultivators (still in 
minority but they are increasing in number} begin plowing 
the land after the first heavy rain. They continue to plant 
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maize until early January. Hand-cultivators start a couple 
of weeks later, as the soil is easier to work then. Maize is 
grown both in monoculture and in intercrop. Common 
intercropping combinations are maize/beans, 
maize/beans/sunflower and maize/beans/field peas. 

Suggestions for Varieties and Use of Fertilizer 

Varieties 

UCA 
H 614 
H 6302 

Time of Planting 

As early as possible, not later than 1st January 
n n 15th December 
n - " 10th December 

Use of Fertilizer 

Maize yield 
kg/ha 
5500 

-5000 

4000 

3000 

2000 

1000 

1800, 

1500 

0 25 50 75 

(5400} 
Hybrid 

(4300} 
UCA 

100 120 kg N/ha 
~~~.--~.--~~o kg P/ha 

Add 0.5 kg P/kg N upto 40 kg P, starting at the 25 
kg N-level. 
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6.2 The Medium - Dry Intermediate Zone 

Description of Farming System 

The experience from Ismani Plains can serve as a case 
study on soil fertility and management of maize production 
systems in Iringa region (5). During the past 25 years this 
sub-zone has had 3 different systems of maize production. 
The first system, developed in the fifties, was based on 
rapid migration into the area, bush clearing, and burning 
which resulted in an extensive but profitable system. The 
yield level was high, 3400 kg/ha. The constraint then was 
the traditional planting material. 

A second system developed in the sixties when most 
available land had been claimed and mechanization of 
production by oxen and tractors increased rapidly. Soil 
fertility was declining during this period as a result of 
maize production without replacement of soil nutrients. The 
yield level decreased to about 2200 kg/ha. 

A third system emerged in the early seventies as a part 
of villagization. Higher levels of inputs, particularly 
seed, fertilizer, and insecticide, and more tractor 
operations could not further increase productivity. Marketed 
output of maize fell sharply. The yield level was now about 
1200 kg/ha. The approach was based on a combination of 
communal production and "modern farming" production 
technology, all sustained through cheap or free inputs. The 
management, technical, and economic problems of maize 
production were grossly under-estimated. 

The lesson to be learned from this example is that 
"modern farming" should not mean maximum production levels 
based on high levels of purchased inputs but rather best use 
of existing resources. In this area the problems of soil 
fertility and moisture stress should be reflected in the 
recommended maize production technology. Experiments on 

·improvement of fertility through organic means have been 
conducted at Ismani for a number of years. Also, variety 
trials have been undertaken at this sub-station. 

Suggestions for Varieties and Use of Fertilizer 

Varieties Time of Planting 

Tuxpeno As early as possible, not later than 
10th January 

Ilonga Composite As early as possible, not later than 
10th January 

Katumani As early as possible, not later than 
1st February 

UCA (in higher rain-
fall areas) As early as possible, not later than 
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31st December 

Growing a combination of varieties may help to reduce 
risk for farmers in this zone. 

Use of Fertilizer (Tuxpeno or IC) 

Maize yield 
kg/ha 

1550 -------
1 

soo I 
I 
I 

25 

Priorities in terms of fertilizers: 

1. Up to 20 P (basal application) 
2. Up to 25 N (side dressing) 

Katumani has a 20% lower yield, and UCA has a 10-20% 
higher yield compared to Tuxpeno and IC. It is feasible to 
apply up to 40 kg N on UCA. 
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NO'l'ES , CHAPTER 6 

1. Iringa Region - integrated rural development proposals 
for the third five year plan, 1976-81, Volume I. 
Tanzania Rural Development Bank. 

2. From T. Woodhead, Studies of potential evaporation in 
Tanzania, Ministry of Lands, Settlement and Water 
Development, Dar es Salaam, 1968, cited in the Iringa 
RIDEP-Study. 

3. Personal communication, Thomas Bachman, agronomist, 
Iringa-RIDEP. 

4. This information has been extracted from draft report 
by Rasmussen et al. Center for Development Studies, 
Copenhagen, written for TRDB. 

5. This is extracted from the Iringa RIDEP-Study. 
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CHAPTER 7 Maize Production in Selected Parts of Ruvuma 
Region,Constraints and Possibilities for 
Improvements 

Ruvuma region has a large topographic variation with an 
altitude range from 500 m at Lake Nyassa in the west to 1goo 
m in the Matengo Highlands immediately to the east. ' 
Eastwards, the altitude decreases to 800-1200 m in Songea 
district and down to'400-700 min Tunduru district. Regional 
rainfall has a long-term average of 800-1500 mm with the 
higher levels in the west and the lower level in the east. 
The rural population numbers approximately 600 000 who live 
in some 300 villages.a 

For the purpose of making maize production 
recommendations, Ruvuma can be divided into four zones: the 
Lakeshore area of Mbinga, the Matengo Highlands of Mbinga 
and the northwest of Songea district, Mbinga east of the 
highlands and most of Songea district, and Tunduru district. 
See Map 6 in Annex I for location of zones. Maize is a major 
crop.in two of these four zones. Cassava and rice are the 
major crops in the area along Lake Nyassa; and in Tunduru 
district, cassava is the main food crop, with sorghum 
tending to replace maize. Because maize is less important 
and because no experiments on maize have been conducted, 
maize production will not be discussed with respect to these 
latter areas. 

7.1 The Matengo Highlands and Northwest Songea 

Description of Zone and Farming System 

This zone has an altitude of about 1300-1600 m and a 
mean annual rainfall of 1200 mm. Soils are well drained, 
moderately fertile clay loams on hilly and rolling country. 
The populatio~ density is the highest in Ruvuma with about 
26 persons/km • Land is becoming a constraint in parts of 
this zone. 

A typical holding is 2-3 ha, of which 1 ha is maize, 1 
ha is coffee and 3/4 ha is beans (half intercropped with 
maize and half as a pure stand} and the rest for 
fingermillet, cassava, etc. Livestock is of minor 
importance. The maize produced in Mbinga is mostly for local 
consumption. 

a Two main sources have been utilized for the 
description of the zones and of the present farming 
system: a survey done by Uyole in 1980 on the 
agricultural zones of the region 1 and a report of the 
Tanzania Ruvuma Regional Rural Development Project, 
prepared by FAO Investment Center, 1980, for IFAD. 
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J\gricultural practices on the individual farms are 
usually saLisfactory. A four year rotation is followed: 
maize, maize, beans, and cassava. Soil fertility is 
maintained with help of a special cultivation system called 
Ngoro. This "pit-system" also helps to prevent soil erosion 
on the slopes. It is an effective but labor-intensive form 
of cultivation. 

Maize stalk borer is regarded as the most serious pest 
or disease in maize by local extension staff and farmers. 
Insecticide (DDT for maize) is used by many farmers to 
control the borer. The majority of farmers also use 
fertilizer on their maize crop. 

Labor is the major constraint in this system, 
particularly for land preparation and planting of annual 
crops and for weeding. Labor from Njombe in Iringa Region is 
commonly hired for clearing and land preparation to 
eliminate the labor shortages. 

Uyole Agricultural Center has a sub-station in this 
area (Ndengo) where maize trials have been conducted for 
several years. 

Suggestions for Varieties and Use of Fertilizer 

Varieties Time of Planting 

UCA Late November (first 
15th Janµary 

H 614, H 632 Late November (first 
15th December 

Use of Fertilizer (UCA or H 614) 

Maize yield 
kg/ha 3000 

2000 

1000 
1100 

rain) , 

rain) , 

0 25 50 80 

0.5 kg P/kg N up to 25 P. 
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7.2 Mbinga East and the Major Part of Songea District 

Description of Zone and Farming System 

The altitude varies between 800 and 1300 m in this zone 
which is mainly flat or.undulating country. The mean annual 
rainfall ranges from 1100 to 1400 mm. The risk of drought is 
small. Even with a three week dry spell in February, the 
maize crop can be carried over on residual soil moisture 
from rainfall in December and January •. The region has red 
clay soils of moderate fertility and also sandy soils of 
poorer qua!-ity. The population density is low, about 7 
persons/km , thus leaving plenty of land for cultivation 
for the 35 000 farm families who live in approximately 100 
villages. 

Maize is the dominant starch crop, supplemented by 
rice, fingermillet, cassava, and sweet potatoes. Legumes 
grown include beans, pigeon peas, and cowpeas. The major 
cash source for most parts of the zone is tobacco. Sales of 
surplus maize and to some extent other crops, supplement 
cash income. The·bulk of .the surplus·maize production in 
Ruvuma comes from this zone. 

A typical family has 3 ha under crops, of which 1.5 ha 
is maize (often intcrcropped with beans or cowpeas) , about 
0.5 is tobacco and 0.5 ha is cassava. Maize is normally 
followed by tobacco in the rotation. 

After 3-5 years of annual cropping the.land is fa+lowed 
or planted with cassava for 2-3 years. Al-1 crops, except 
rice, are planted on ridges. All cultivation is done by 
hand. 

Maize stalkborer is the main pest; however, control 
measures are seldom used. Fertilizer is commonly applied to 
the maize crop (125 kg/ha of Ammonium Sulfate, according to 
RADO's estimate). The present average maize yield is about 
1500 kg/ha. 

Labor constitutes the major production input, and it is 
also the main constraint to expansion of the system. Tobacco 
accounts for about three-fifths of the total labor 
requirement. The peak use of labor is in November/December. 
This situation results in late planting of some crops with 
consequent yield reduction. Introduction of mechanization of 
some form is required to resolve this constraint. Four 
ox-training units have been established in the region, but 
so far this initiative has not been successful because of 
lack of facilities and poor management of the activities. 

There is a sub-station to the Uyole Agricultural Center 
at Suluti where maize experiments have been conducted since 
1974/75. 
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Suggestions for Varieties and Use of Fertilizer 

Varieties Time of Planting 

UCA Late November, not later than 15th January 
H 614/H 6302 " " 15th December 

Use of Fertilizer (UCA) 

Maize yield 
kg/ha 
4000 

3000 

2000 

1000 

400 

0 25 50 75 100 125 kg N/ha 
25 kg P/ha 

Add 0.5 kg P/kg N upto 25 P 
The yield levels for H 614 and H 6302 is 10-15% higher 

than for UCA. 
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CHAPTER 8 Conc~\].~io11s .and Recommendations 

As this report shows, a good deal of research on maize 
production has been conducted for the Southern Highlands of 
Tanzania (summarized in .Annex II) . This has provided a 
significant amount of knowledge on the different components 
of maize technology and on their interactions. There are, 
however, a number of topics which need to be studied more 
thoroughly in station research. Further, a need to adapt and 
test maize technology in the various zones has been 
identified. In this chapter a number of subjects are 
suggested as priority for research work in the years ahead. 
In addition, a few other conclusions are drawn and 
recommendations are made on the basis of the findings of the 
study. 

8.1 Station Research 

Station research should focus on the following areas 
until on-farm testing identifies new areas of constraints.: 

a) Intercropping of maize/ppaseolus and maize/cowpea 
for the dryer areas. Spacing and.density 
interaction between the two crops and effects of 
dates of planting crf the intercrop relative to 
maize are important data needed on this subject. 

b) Rotation with row crops and the effects on maize. 
Quantifying of the effects on maize yield of 
various crop rotations. Emphasis should be on 
legumes. 

c) Rotation with annual green manure crops (such as 
lupins and crotalaria) • Identification of 
appropriate legume, green manure crops and 
development of information on their production 
before testing on farmers fields. 

d) Interaction between: 

1) Nitrogen and variety 
2) Nitrogen and time of planting 

Such fertility studies are particularly important 
for the drier areas. 

e) Crop protection to identify threshold levels for 
stalk-borer control. 

f) Improving stress tolerance, grain quality, and 
husk coverage for development of improved 
varieties. 
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g} Evaluation of effects of leaf and tassel removal 
on yield and their potential, where appropriate, 
for livestock feed. 

8.2 Adaptive Research and On-Farm Testing 

Little has been done to utilize the technical 
information generated for improving the production systems 
of farmers in different zones. In order to achieve this, the 
present, general data base on maize production needs to be 
tested for its relevance and adapted to the particular 
circumstances facing specific groups of farmers. 

The total research capacity for maize in the short- and 
medium-term perspective cannot be expected to increase 
substantially. That leaves reallocation of resources within 
the present framework as the only possible alternative for 
increasing the on-farm research work in the near future. A 
switch in emphasis from station research to on-farm testing 
and development work is required. A redirection of research 
activities along these lines is judged to have a good chance 
for a high pay-off, if effectively implemented. 

The research service should be more closely involved in 
the agricultural development process. Adaptive research, 
including identification of constraints to expansion of the 
various farming systems and experimental programs in 
different zones, for and in cooperation with client groups 
of farmers, is the core of the suggested strategy. 

An important aspect of this approach is the farming 
system focus. The total productivity of all the different 
enterprizes is the important criterion for judgement of 
progress, and not the performance of a single crop or 
livestock activity. 

Central in this strategy is that the particular 
research and development activities will be quite different 
depending on identified circumstances for the respective 
groups of farmers. They may include: 

1) Testing of drought-tolerant varieties in Chunya 
and Ismani; 

2) Pest control measures in field and store within 
reach of farmers' technical and financial 
capability in zones where these problems are 
pressing; · 

3) Cheap and effective measures of improving soil 
fertility in view of decreasing land productivity 
around villages in practically all zones; 

4) Soil conservation measures as a part of the crop 
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husbandry in Rungwe; and 

5) More effective and timely farming practices in 
land preparation, crop establishment, and weeding, 
particularly in zones with potential for 
ox-mechanization. 

As the adaptive research program gains momentum it may 
also identify problems which are best studied in station 
experiments. The on-farm program, over time, will increase 
its influence on station research work, as a part of a more 
intensive interaction between the on-farm and station 
research programs. 

The border line between the research and extension 
services will be less pronounced when research and extension 
personnel meet with farmers for discussions of how 
components being tested will match with farmer' views of 
acceptable changes to their farming system. Involving the 
extension staff in this work is essential for increasing 
adaptive experimentation capacity and the later 
dissemination of the technology. 

A few of the Bwana Shambas should be trained in on-farm 
testing. They should then, as "resident local research 
representatives" be given the responsibility for conducting 
on-farm experiments under supervision of the researcher who 
visits the zone at regular intervals. This will put more 
pressure on the extension service, but it may also help to 
restore lost credibility and status of the extension person. 
There are also more direct implications for extension work 
as a result of the present study. 

8.3 Improvement of the Extension Worker 

One conclusion from this study is that simple blanket 
extension messages are not effective. Also with the division 
of regions into zones and target groups of farmers, there 
will remain some intra-zonal variation in natural 
agricultural potential unless zones are made very small; to 
do so, however, is impractical for other reasons. In 
addition, there is variability between villages and farm 
families in terms of resources and attitudes to improved 
technology and the risk entailed in adoption. The extension 
person will have to understand the farming system he/she is 
working in, appreciate the variability within the basic 
framework and adapt recommendations according to the 
circumstances of individual farm families or groups of 
farmer families. The suggested sequence of innovations 
(Ctr'apter 3) is aimed at helping to understand that farmers 

may be at different management levels. Also the list could 
serve as a checklist for the extension person assisting the 
farmer to identify new technical component(s} which may best 
fit his situation. 
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In order for the extension service to achieve the work 
standard implied above, a major training program is 
required. Such training should be location-specific, as 
extension workers should be specialists on a particular 
geographical area. Short, well-focused seminars and courses, 
at regular intervals and as much as possible in the zone 
itself, are more effective than longer courses in distant 
institutes. 

8.4 Access to Inputs and Tools 

Many of the recommendations in maize production are 
based on the assumption that farmers are able to acquire the 
suggested seasonal inputs (seeds, fertilizers, and 
insecticides). Particularly now, however, as a consequence 
of the present economic crisis, this assumption is not 
always realistic. Also machinery, tools, and replacement 
parts are scarce and difficult or impossible for farmers to 
buy. 

It is hoped the supply of inputs for production will 
improve in the near future. It is likely, however, that 
inputs will be in short supply occasionally in the longer 
perspective. A good extension person should have the 
capacity and flexibility to adjust recommendations 
accordingly. One objective of this study has been to point 
out this need and provide a basis for such extension 
programs. 
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Agricultural Experimental Stations in the Southern Highlands, belonging 
to the Uyole Agricultural Centre, where maize research is conducted: 

Mbeya Region: 

Rukwa Region: 
Iringa Region: 

Ruvuma Region: 

1 Uyole Agricultural Centre 
2 Mbimba 
3 Mitalula 
4 Nkundi 
5 Igeri 
6 Ismani 
7 Suluti 
8 Ndengo 
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ANNEX 1:5 
Iringa Region 

Agro-Economic Zones 

1 

" 
-·-·-· .-· ,,. 

·' 

Map 
lringa Region 

0 

0 

1. The High Rainlands 
2. The Upper Plateaus 
1A/3B Mixed Zone 

30 

50 

3. The Medium Dry Intermediate 
4. The Dry Northern Fringe 
5. The Lake Nyasa Shore Zone 
6. Iringa Sub-District 

60 Miles 

100 Kms. 

Zone 

Source: Map 3.1 from Iringa RIDEP Project 
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Annex II 

f/.onth],y precipitation in rrrn and nurrber of days with rain during the growing season 1974/75 at Uyole and Mbinba, Mitalula Isrnani, 
Suluti and Igeri ~rirrent Stations. 

Uyole Mb.i.rrba Mitaiuia Ismani Suluti Igeri 

fun th Total nm no. of Total rrrn no. of Total rem no. of Total rrrn no. of Total rnn no. of Total ~ n6.of 
LTA* days LTA days LTA days I·TA days LTA days LTA days 

October 12.3 (14) 2 80.8 (38) 5 0 (20) 0 0 (0) 0 7.0 (14) 1 19.5 (15} 4 

Novenber 34.5 (50) 3 151.9 (97) 10 65.3 (153) 4 4.3 (22) 1 0 (65) 0 "70.i (93} 8 

Decercber 182.2 (143) 20 264 .o (224} 24 183.1 (267) 15 33.0 (131) 7 40.0 (186) 12 180.8 (25i') 24 
..... January 128 .2 (195) 20 227.9 (268) 26 209 .8 (240) 19 97 .4 (141) 10 205.0 (266) 15 219.7 (255} 25 ..... 
0 February 150.2 (165) 23 208.7 (217) 19 188.2 (258) 13 90.1 (131) 7 193.7 (264) 12 216.5 (245) 24 

March 227.1 (161) 21 
I 

291.9 (255) 25 420.0 (445) 23 1E9.9 (118) 10 233.5 (278) 18 289.1 (34i) 30 

April 162.1 (181) 14 189.9 (221) 21 606.1 (610) 23 13.6 (36) 3 206.0 (125) 14 252.2 (232) 30 

May 10 .6 (17) 5 58.6 (35) 5 232.5 (262) 13 0 (0) 0 12.2 (32) 1 34.2 (43) 4 

June 0 (2) 0 4.8 (3) 3 216.9 (73) 20 0 (0) 0 5.5 (2) 2 9.2 (7) 12 

July 0 (1) 0 0 (1) 0 56.8 (65) 11 0 (0) 0 0 (9) 0 2.5 (6) 5 

August 0 (2) 0 0 (1) 0 7.1 (21) 2 0 (0) 0 3.2 (0) 1 12.7 (5) 2 

Septad:ier 1.6 (3) 1 0 (8) 0 10.4 (7) 2 0 (0) 0 1.6 (23) 1 8.0 (5) 4 

Total 808.8 (871) 109 1477. 7 (1368) 138 2196.2 (2307) 145 408.3 (579) 38 907. 7 (1264) 77 1315.12 (1510) 182 

Years of 
record - 30 - - 20 - - 14 - - 6 - - 14 - - 17 

* LTA = long term average; Uyole station fran Mbeya Airport records (old site) and other locations fran exper:irrental sub-station 
records. Adapted fran Sub-station Report, 1973. 





ANNEX III:l 

SU.'MAHY 'mBrn ()f HESFJ\IU I w: >I« CN MlUZE cnurrr;n [N 'llIE :n:m~ m:arr m:s 

4xm:i.nq 1. 

.Activity or 
catµ:nent(s) researdlErl 

Location (s) Cl:>jective (s) 

1. Pq:W.ation :i.rcprOITarent 
and variety/hybrid deve
lcpient. 

Ccnti.Irus eval.uatioo Uyole, ~, Isaani 
and select.i.oo since 1975. 

Develq> and inpro11e p:::pr 
lation used for fonratial 
of neN varieties and hyb
rids. 

Variety Evaluation 

2. Tanzania Maize Variety 
Trial 

3. Fast African Maize 
Variety Trial 

4. EAAFR) High Altitude 
Variety Trial 

Cbnti.rn.nls Elraluation 
siroe 1970/71 

1972-73 - 1976/77 

1972-73 - 1976/77 

5. Dq:erirrental lDng Seas:in 1978/79 - 1979/80 
Variety Trial 

6. IDng Seas:in Ccrrµ:>Site 1978/79 - 1979/80 
Evaluation Trial 

T:iire of Plantin;J 

7. Planting T:Ure for High 1976/77 - 1979/80 
Altitude Maize Varieties 

8. Tine of Plant:irq at High 1974/75 
Altib.ldes 

9. Plantin;J T:iire X Variety 1980/81 - 1981/82 

Uyole & substations of Elraluate _I:X)tential rBN 

tha UPC and ~ varieties against tha 
currently used varieties 
in production for accep
tance or rejection. 
Criteria used include 
yield _I:X)tential, lodgirg 
pt:qienSity and disease 
resistance. 

Uyole, 'rnNVAT and Isreni (See rmber 2.) 

Uyole, 'rnNVAT and Isaani (See nurcber 2.) 

Uyole, 'rnNVAT (See nurcber 2. ) 

Uyole, 'rnNVAT (See nurrber 2. ) 

Igeri Investigate the influerv:si 
of plantin;J tine on maim! 
cultivars with different 
mab.lrity feriods in OnEr 
to firrl out the cpt.:i.rrun 
plantin;J t:Ures. 

l\otX)roto (2400 m) in (See nurrber 7.) 
MJeya district 

M:>inba, Nkurrli, Isreni (See nurrber 7.) 



~1. 

Trea:t:nent (s) 

sanple of all IMturity ranges. 
Usually testro urrler cpt:inal 
fertility 

ANNEX III:l 

Main Jesult(s) arrl Q:xlclusion(s) 

Selection for better disease resistance, oonsurrer preference anrl yield 
stability. New varieties ready for release. 

Exper:i.nental varieties arrl intro- SUperior varieties arrl lrjbri.ds have been identified arrl released for 
duc+-..ions against stamard or pmdlcticn. 
:recx:rrneOOed varieties. 

(See nunber 2. ) (See nunber 2. ) 

(See nunber 2. ) (See nunber 2. ) 

(See nunber 2. ) (See nunber 2.) 

(See nunber 2. ) (See nunber 2. ) 

Four plantin:J tines (Sept.-N:Jv.); Pest plantin;J tine was early N'.:Narber. Plantin:J depths differences 
t\\O plantin:J depths, cliff. rulti- \'Jere insignificant. H613 cx:nsistently ootyielded trA in all planting 
vars, 100 kg N/ha arrl 20 kg P/ha. tines. Conclusion: At high altitude areas (such as Igeri,) rraize 
ot:rer ll011aJarent factors as rec. stolld be planted in <X:td::ier and early Novarber. IDrg term ma.turi.rg 

varieties (H6302, H614, H613) sl'nlld be used. High inciderr:e of 
diseased cxi>s arrl difficulties to dry tre grain are a prc:blan. 

Four plantin:J tines (12/8-19/ll), At high altirures ma.ize stolld be planted in July-August. 
four varieties, 80 kg N/ha arrl 20 0:1.ly lorg tenn varieties sh:illd be used which nature after tre heavy 
kg P/ha ore rronth after plantin:J. rains have stqped. 

4 plantilJ:J tines for 3 :inproved 
atltivars of different maturity; 
.Agroocrnic practices as :recx:::mrerrl
ed for area. 

First plantirg gave highest yield. Strorg variety x tine interaction 
for later plantin:Js. 



~2 • 

.Activity or 
?:ltJ:x?rent (s) researdm 

10. Plantin:J Tine X Variety 

11. Yield Effect of different 
Plantin:J Tines 

12. Dry Plantin:J 

13. Plantin:J Tine arrl Ferti
lizer Fesp:lilse 

1977/78 - 1978/79 

1972/73, 1973/74, 
1974/75 

1972/73 - 1974/75 

1975/76 - 1976/77 

ANNEX III:2 

I..ocatioo(s) Cbjecti.ve(s) 

Mitalula, SUluti (See rmber 7.) 

Uyole (See rmber 7.) 

Uyole 'lb detennire tre effect 
of dry plant:irg on rra:ize 
productioo. 

Uyole, M:rinba, 
Isnani., SUluti, 
Mitalula 

~ tre effect of 
plantin:J tine on tre re
sponse of rra:ize to ferti
lizers. 



ANNEX III:2 

~2. 

Treatnent(s) Main Iesult(s) and CbnclusiDn(s) 

6 pl.antin;J tines and 2 alltivars Mid lbTatber pl.antin;J produced tie highest nean yield. Planti.rg after 
mid Decalber caused :redured yield. 

Different planti.rg dates; 12CN/ha, Ir.respective of variety relayed pl.antirg nrluces naize yield oonsider-
100 Pp

5
; sta1.kborer dustirq 3 ably. the decrease is less in an early variety than in a late one. 

tines. Pl.antirg slnlld be d:>ne s::orest p:>ssible after the first reavy rain. 

Different pl.antin;J tines and 
plant.in:J depths. 

Pl.antin;J: At onset of rains, 
+3~ 

+6~ 

Nitrogen: 0 ,60 and 120 kg/ha 

Dey pl.antirg of naize canoot gererally be recamerrled. In areas with 
reliable onset of the rains planti.rg one to bNo weeks before the 
latest expecta:l date for tie rains to start sh::ul.d be feasible. 'Ihere 
is a risk for loss of seed vi.ability dJe to high soil taiperature 
before tre rains. Imteased seed rate can to~ extent cx:npensate 
for poor arergenoe at early pl.antin;J, ~er. 

~yields were substantially :redured wren planti.rg was cbne six 
weeks after tre rea:rmerrled peri.00. 



~ 'mBI.E, MAIZE RESEA10i 

(\:lel1ing 3. 

.Activity or 
caip:>nent(s) researdal 

!:bil Feftility 

Organic !'-Eth:rls 

14. Crq> :rotatioo (dry area) 

15. Crq> lbtaticn (<Net area) 

16. Cn:p lbtatioo with 
Crotalari.a 

17. Organic Fertilizatioo 
(FYM) 

18. Fann Yard Manure 

Mireral Fertilizers 

19. Crq> !€sidles; Treatnent 
of PesidueS 

20. Nit.:ro;Jen, neth:rls and 
tine of arplicatioo 

21. NitroJen Leadrl.ng 

OlratiDn 

1974/75 - 1981/82 

1971/72, 1973/74 -
1975/76 

1980/81 - 1982/83 

1975/76, 1976/77 

1980/81 - 1982/83 

1972/73, 1973/74, 
1974/75, 1975/76 

1973/74, 1974/75, 
1975/76 

1980/81 - 1982/83 

LocatiDn (s) 

Ismani 

Uyole 

Uyole, M:>:inba, 
SUluti 

IgOOl.o (rear 
Uyole) 

Uyole I M:>:iJlba 

Uyole 

Uyole I M:>:inba, 
Ismani,~ 

Uyole, Ismani, 
SUluti I M:>ozi Maize 
Fann 

ANNEX III:3 

Cbjective(s) 

Investigate influence of 
different crcp :rotaticns 
(in::luding greemanures) 

en yield and productivity 
of the s:>il. 

(See nurcber 14. ) 

(See nurcber 14. ) 

Sbrly: 
a) effect of FYM with and 
witlnrt mineral ferti-
lizers on rraize yield; 
b) <Xl'ltribltion of FYM to 
organic natter CXl'ltent of 
s:>ils, and 
c) FYM residJJal effects. 

(See nurcber 17. ) 

Detenni.re the effect on 
rraize yields of different 
residue treatnents at 
vari.a.ts N levels. 

study effect of pl. tine, 
N-rate and arplication 
tines on rraize yield, N
rea:Nery and leaching. 

(See nurcber 20.) 



cpenIDJ 3. 

Treatnent (s) 

Maize after maize, mai:z.e :rotated 
with~' arrl mai:z.e rotated 
with sunfla.-ier. 

Different ~ of crq>s. 
(maize, legures & ley) 

Crotalaria harvested for green 
forage, C. as a green rrarru.re 

crr:p. 

ANNEX III:3 

Main 1€sult(s) arrl Cooclusion(s) 

Maize - cowpea rotation gave highest yield. Fapid yield decline 1.lOOer 
cx:ntinocus maize arrl 00 fertilizer. 

large effect en maize yields for different break crq>s. c.amon beans 
as a break crcp increased maize yields with abcut 50% 

Crotalaria has a significant nitro:JeI1 effect rorresp:nling to abcut 
80 kg N/ha when liarvested arrl abcut 120 kg N/ha when plcughed 1.lOOer 
(acmrding to prel.imi.nacy results) . 

5, 10, 20, 40 tons/ha of FYM &iJp- Yields increased with higher rates of FYM up to 40 tons/ha.. tesp;Jnse 

plarented by mins fertilizers. to both N arrl P was rrtable. If lc:Mer rates than 40 tons of PYM are 
use:1 N arrl P need to be SUfPlarented in order to achieve high yields. 

O FYM, St PYM, 20t PYM (1st year) Farly results irrlicate possibility of substituting lCJN rates of 
20t PYM 1st year+ 4CN per year+ mi.reral fertilizers and PYM for high rates of fertilizers. 

15P per year 
4CN + 15P per year 
8CN + 30P per year. 

Crcp :residue rato1Ted, burnt, re- ~yield with residues retained the first two years, thereafter ro 
tained on roil surface or inro:qxr- difference, at O arrl 60 N-level. At 120 N too yield was generally 
rated into roil. 0,60 arrl 120 N higher with residues retained cntpa.red to rato1Ted. 
20 kg P/ha. 

0, 30, 60 arrl 120 N/ha. ai:plied 
at different stages of maize 
grrwth. 

No significant difference was cbtaired for different ar:plication 
reg:i.rres. '1hls irrli.cated that N can be ai:plied fran planting up to 
when maize has reached a might of abcut 40 an. When N ar:plication is 
split the seoorrl rc:und can be given up to the mai:z.e has reacha:1 120 
an. 

3 planting tirres, 5 N-treabrents. Ina:mc1usive. I..eac:hirg sh::MI1 to be rot the only cause of reduced 
yields at later pl.anti.rg. 



Q?ening 4. 

Activity or 
G:I!µ)rents researdled 

22. Sl\ versus CAN 

23. Plnsph:>rus 

24. I€sidual Ph:>sf:h:>rus 

Mineral Fertilizers 

I:Uration 
(Investigator(s) 

1974/75 - 1975/76 
1978/79 - 1979/P/J 

1974/75, 1975/76 
1976/77 

25. Nitrogen an:l ~rus 1970/71 - 1974/75 
1975/76 (4 years) 

26. N & P Fertilizer 1973/74 

27. N & P Fertilizer 1980/81 - 1981/82 

IDcation (s) 

Uyole, M:>inba, &lluti 
?&go 

Uyole, M:>inba, Isnani, 
&lluti, ~ 

Uyole, M:>inba, 
SWbawanga, SU1uti 

Uyole, M:>inba, Ismmi., 
SU1uti 

Uyole 

M.:lc:£i Maize Fann 

28. NPK - Fertilizer on 1974/75 (Pl.anred by ARI Uyole 
Mli.rgaro) 

29. lDrl3' Term Fertility 1970/71 - 1972/73 Uyole 

ANNEX III:4 

<bjective(s) 

'lb c::orprre tre effects of 
two s::nrces of nitrogen 
oo maize yield am soil 
prcperties. 
Detenni.ne tre effects of 
varirus rcethJds am 
levels of aiplication of 
p 00 yield. 

Investigate effect of 
high rate of P 1st year 
corpared to split aipli
cation yearly. 

Detenn:i.re effect of 
plantirxJ tine on :resp. 
of maize to fertilizer. 

Detenni.ne tre effect of 
different levels of N & P 
oo tre perforrraoce of 
three maize varieties. 

Investigate :respoose of 
maize to N arrl P. 

'lb detennine tre resp:>nse 
an:ve of maize to awliErl 
nitrogen, pl:psph::>rus arrl 
potassium. 

Detenn:i.re N, P an:l K 
requirarent of maize an:l 
tre :residual effect of 
trese rutrients. 



~4. 

Treablent (s) 

0, 50, 100 N as S1\ or CAN, in a 
newly establisred field. 

ANNEX III:4 

Main Fesult(s) and Cmclusion(s) 

S1\ treabrent cutyield:rl CAN in first year. In 2rrl year oo difference. 
First years resi.11:1:: suH;x:>rts the suggestion that su1fhur generally is 
lcw in new fields, and S1\ thus is beneficial. 

100 kg N/ha NJ significant difference in yield bet'Neen different netrods of 
0-20 (TSP) ai:plied at planting in ai:plica:ticn. Placirg P 5 an under seed gave highest yield. large 

different ways. differences in :resp;;:me between locations. 

8 P-treatnepts 1st year's l'.eSUlts: ~le, resp::nse to P ION 
M:>inba, II II high 
Suluti f II II g;ma 

Suribawarqa, II II l<M 

Planting: onset of rains, + 2 NJ definite :results report:Erl. ~year is too sh:>rt a :p:!riod. 

weeks' + 2 weeks' + 4 weeks 
Fertilizer: 0,60 and 120 kg N/ha, 
60 kg P/ha. 

5 rates of N (CAN) (0, 60, 120, 
180, 240) 5 rates of P (TSP) 
(0, 30, 60, 90, 120) llgnn:.mi.c 
practices as rea:mrended for fann. 

N arplied as SI\, Pas TSP and K. 
awlied at plantirg and N 
side dressed 3 weeks after 
planting. 

Fertilizer: 0,80 and 160 N 
kg/ha 0' 20 and 40 p 

0,20 and 40 K 
(repeated 3 years). 

Variety H512 and H611 yielded highest; OCA laNer. Planting date 16 
Jarruary. 

Highest yield (7.6 t/ha) :recorded at 240 N and 120 P/ha. In general 
there is <pod resp:>nse to N upto 180 N, given erOlgh (min. 60 kg) P. 

Iespcrises to N arrl P were high, while oo sure re~ to K was P & K 
cbtaired. A la.v rate of N can be awlied with:Jut ~rus. wren 
higher rates of N are used P slnlld also be ai:plied. 

N and P increased yield oonsiderably. K had ro clear effect 
Interaction~ N and P, with highest yields when these b.-A'.:> 
ai:plied togetrer. '!he residual effect of fertilizers was lON 
(1972/73)' and rai.-eistent (1971/72). 



SlMW« '!'ABIE, MAIZE ~ 

~5. 

Activity or OJration 
carp:rents researdm 

Larrl Prepa.ration 

30. Flat or ridges 1972/73, 1973/74, 
1974/75 

31. Dry Cllltivation 1973/74 

32. Jatbe versus tractor 1973/74 
cultivation 

33. IErlucErl Tillage 1975/76 - 1976/77 

34. Soil Cllltivation 1972/73-1974/75 

Cn:p Arranprents & Density 

35. Interci:q::ping 

a) Maize & Soyabeans 1973/74, 1974/75, 
1975/76, 1976/77 

b) Maize & Lupins 1974/75 

c) Maize & Phaseolus 1976/77-? 
Beans 

36. Rpllation r:ensity 1978/79 - 1979/80 

37. Density of "Katmeni" x 1976/77 - 1978/79 
Planting Tine 

ANNEX III:S 

Iocation(s) Cbjective(s) 

Uyole Effects on yield arrl a:::m-
p:irlson of different 
weeding rretmds. 

Uyole Ccxrpare different inten-
sities arrl neth::rls of dry 
cultivation on nai.ze 
yield. 

Uyole Identify f09Sible adverse 
effects on tre soil of 
tractor cultivaticn. 

Uyole, Isnani Detenni.ne tre effect of 
mi.n:i.nun tillage ~ 
en naize arrl legume 
yields. 

Uyole Detenni.ne too effect of 
cultivation neth::rls arrl 
intensity on ~ occur-
~ arrl nai.ze yields. 

Uyole Ccxrpare i.nterc:rq:ping to 
m:nxulb.n:es. 

Uyole Firrl axt fX'SSible 
cdvantages of intercrq:r 
ping naize arrl lupins. 

Uyole Irwestigate effects of 
planting tines arrl OO:m 
plant p:p.llation on yield 
of OO:ms arrl naize inter-
cr:q>. 

Uyole Detenni.ne q:tinun dmsity 
for b«> experinental 
varieties. 

Uyol.e, Ismmi., 9.ll.uti ~ c:ptim.m plant 
dmsity/seeding rate for 
Katlmmi at different 
planting tines in a:::m
p:irlson with a st:aroard 
kn;J cln:ation variety. 



ANNEX Ill: 5 

~5. 

Treatnents Main Result(s) and Cmclusion(s) 

Different cultivations techniques Mfilz.e can be planted on either flat la:rrl or on ridges pn:llTided -weeds 
before plantin:J and 'Need cx::ntrols within rcJNS are cx::ntrolled by harrl or with a rerl>icide. 
after plantin:J. 

Diff. <Xllbinations of chisel 
ploogh, disc harrr1N, cultivator 
~ and rid]er. 

There was m irrlication fran this one year trial that a deep cultiva
tion is recessacy. 

Tractor pla.tghin:J and harrc:winJ. NJ significant difference in yield. 
By hand: one cultivation by jatbe. 
WeedirlJ: tractor and l'xle respect-
ively. 

Min. tillage with and wit:lnlt 
rrulch cx:rrpared to roil inversion 
systan of cultivation. 

H 632, Soyabean. 

Different crnbinations of rraize 
am. lupins and these cn:ps in 
rromculture. 

u:A and beans were planted as 
rrooo- and intercrops under diffe
rent plant densities. 

EXp. 7696 and EXp. 7794 INere 

gi:om in 4 densities. 

4 plantin;J titres, bi~y f.ran 
recx:rmerrled tine, 3 plant densi
ties of Katummi plus H 613 as 
starrlaxtl creek. 

reducErl tillage cam::>t be recx:rmerrled in areas with high rainfall 
where 'Need infestation is severe wren rrulch or rrechanical meth:xis are 
used for 'Need cx::ntrol. 

Maize m:n:x:n:p yielded ~ than naize in irrt:erc:r:q:pin:J at loNer 
fertilizer rates. At 100 kg N/ha nooocrq;:pe1 naize yielded highest. 

At 50 kg N/ha m significant difference in naize yields be'bNeen rroro
and intercnwin:J. Intercrq:ped lupins suffered fran shacbN of the 
naize cn:p. '!his <Xllbination can tffirefore mt be recx:rmerrled. 

Highest rraiz.e yields and gross reverue were cbtained in the rraize
bean intercrq> with naize at 3/4 full stand and beans at full stand. 
'lbe higrest I.ER of 1. 7 was roted. Yield for rraize was 4210 kg/ha, 
aboo.t 10% · higrer than the nomctq>. Bean yields ~ reducErl by 40% 
to 720 kg/ha in sane treatnent. 

Yield inc:reared with higrer density in this trial, EXp. 7696 bein:J 
sarewhat better than 7794. 

Katummi yields at Uyole and Israni inc:reared with i.ncreasin;:J density, 
but decreased gradually with later plantin:J tines. H 613 yielded 
higffist at early plantin:J rut yields drq:p3d shal'.ply after sea:n1 
week. Cbnclusion: After the 3rd or 4th week it is recx:rmerrled to plant 
Kab.mmi at an cpt.:imJm p:pllation of aboo.t 75 ,000 plants/ha. 



cpeninJ 6. 

Activity or 
Corp?rent(s) researcrea. 

38. Variety x Plant:p::pila
tion x Fertilizer 

39. Yield Q:npensation 

40. Plant Arran::Jarent 

\brl Control 

41. VEedirg Practice 

1973/74 

1977/78 - 1979/80 

1974/75, 1975/76 

1974/75 

42. M:rllanical VEedirg 1975/76 

43. Hal:bicide Pre-€!rel:gence 1972/73, 1973/74 

44. Pre- and fOS!:-arei:genoe 1973/74 

45. Atrazin and 2,4-D Amine 1974/75 

Locatioo(s) 

Uyole 

~iole, SUluti 

Uyole, Miliri:a, Isnmi, 
SUl.uti, Miyro, Mitalula 

Uyole, Jlt>inba, Isn:mi, 
Suluti, Miyao 

ANNEX III:6 

Cbjective(s) 

study the influence of 
variety, plant i:qulaticn 
and fertilization on 
maize yield. 

Cl:llpare ~s in yield 
of selected varieties 
over a ran:Je of planting 
densities, with and with
Olt fertilizer. 

Investigate effects on 
yields of different 
arrangements of a given 
plant i:qu].ation. 

Firrl rut ~ and lnv 
often ~ slnlld be 
urrlertaken. 

Uyole, Jlt>inba, Isnmi, Select a suitable/effi
Mitalula, Suluti, Ndengo cient mechanical weed 

control netl.ni. 

Uyole, later a.lro Jlt>inba E.Valuate different pre
errergence re:r:bicides for 
weed control in maize. 

Uyole 

Isnmi 

Evaluate different pre
arrl post-arergence remi
cides for weed control in 
maize. 

Evaluate different pre
and fX)St-arergence re:r:bi
ciaes for weed control in 
maize. 



.:'*Mlll\HY 'rl\111E, Ml\J:!J•: l~E.l\IU I 

~6. 

Treament (s) 

'IW:> varieties (local, H 632) 4 
densities, 3 levels of N and P. 
Pl.anti.a] date: 23rd D:!c. 

H 6302, OCA, 2 fertilizer rates, 
and 6 pl.ant d=nsities. 

Pl.ant µ:p.tl.ation 49400/ha; N 100 
kg/ha; 1,2,3 or 4 pl.ants/hill; 
90 cm beOveet1 rcws. 

100 N kg/ha; 20 kg P/ha 
0-3 weedings; la:bicides. 

0,1,2 and 3 weedi.ngs. 

H 632, 120 kg N/ha 
use of varioos heibicires. 

Different <Xllbinations of harrl
weedi.ng arrl rel'.bicires. 

Different <Xllbinations of harrl
weedirq arrl heibicires (atrazin 
or 2,4-D amine). 

ANNEX III:6 

Main Iesult(s) and On::lusion(s) 

Variety arx1 fertilizer had the greatest influence on yield while the 
effect of plant density was siall and mt significant. In:e~ve 
of fertilizer level ~rid naize ootyielded local naize. ~ 
pep. was about 45 000 for :inproved variety and aboJ.t 30 000 for local 
variety. 

In gereral, uri.ler 1cM fertility lower densities (22000 - 44000 
pl.ants/ha) are better than high d=nsities in t:enn.s of yield. 

tb irrlicaticn that yields were significantly influenced by pl.ant 
arran:JE!tent. Maize can be pl.anted in grr:ups of 2 to 4 pl.ants fer hill. 

cre ~ iocreased rrean yield with 2 tons/ha. An aclli:tional 
weeding iocreased yield with arotrer 1-1.5 tons. en average 2 
weedi.ngs gave sane result as 3 ~s. Conclusion: For effective 
weed a:ntrol in mri.ze at least 2 Yleedings are required. 

Cbly siall differences beOveet1 diff. weeding alternatives. ere weeding 
at 120 an stage gave la.vest yield. N::> significant differences beOveet1 
yields for naize pl.anted on rid;Jes, flat or in fu.r::r:ONs. 

Best overall weed control cbtaired in plot weerea by jarbe. Effect on 
broadleaved weeds was gcxxl fran several remicires, while effect on 
grasses was siall. E.speciall.y eyperus (nutsed:Je) was resistant to all 
danicals tested. 

Highest yield was cbtaired fran rrec:hanical weedirq arx1 treament with 
Cesaprim + Rltisan + hjroxore. All claoical weed rontrol rreth:rls re
sulted in an ID::rease of nutgrass, (nutsed:Je) Cyferus SW· 

Witlnlt suwlarentar.y ~ danical weed a:ntrol (with these 
dani.cals) caruut be recx:mreOOed uri.ler "Isreni Cbrrlitions". 'llle 
claoicals killed nost grasses rut the renainirg ones develq:ied into 
large pl.ants which carpeted SUCX:Essfully with the naize. 



S: Mill\HY 'l'l\HT.E, MAJ.i'.E ~I 

Activity or 
Caiµnent(s) researdm 

46. Cllanical VEed Control 

47. Cllanical VEed Control 

Plant Protection 

1978/79 

1981/82 - 1982/83 

48. ManagE!!B1t Practices and 1975/76, 1976/77 
stalkOOrer Control 

49. Effect of Plantinq TilYe 1975/76, 1976/77 
on stalkborer 

50. aanical Control of 1973/74 
Maize stalkborer 
(BussaJla fusca) 

51. II 

52. Spray Afplication and 
Stalkborer Control 

53. Control of Tanyrrea.ls 

Weevil 

1973/74, 1974/75, 
1975/76, 1976/77 

1974/75, 1975/76, 
1976/77 

1976/77 

54. Variety and Seed D:ressinJ 1981/82 

IDcaticn (s) 

Uyole, Igeri, Isnani, 
Mitalula 

Uyole 

Uyole 

Uyole 

Inyala Vill..aJe, Uyole 

Uyole, SUluti, Isnani, 
MJllrba 

Uyole, MJllrba, Mita
lula and Nalien:1ale 

Njari:le Pri&>n Fann 

Uyole, MJllrba, Isnani, 
Nkun:li. 

ANNEX III:7 

Cbjective(s) 

E'ITaluate Prinagram 
for weed oontrol in 
maize. 

Evaluate different p:re
arergence herl:>icides 
for weed control in 
maize. 

Esti.nate losses iocurred 
due to maize stalkl::orer 
l1lTer different mmage
nent practires. 

Study influence of plan
tinq on the attack of 
maize stalkl::orer. 

Investigate need of 
clanical oontrol of 
stalkl::orer. 

Test effectiveness of 
different insecticides in 
cx:ntrollin3' sta1kborer. 

E'ITaluate effects of 
spray awlications of 
insecticides on 
stalk-b)rer. 

Test effects of different 
insecticides against 
Tanyrrerus Weevil, inclu
di.rg use of seecXl:ressinJ 
and roil insecticides. 

Study the effect of seed 
dressinJ clanicals on 
maize yield of 3 cx::mrer
cial varieties. 



ANNEX III:7 

~7. 

Treatrcent(s) Main IEsult(s) and Conclusiori(s) 

No~, 2 ~s with jenbe, weeairg increased yield by 30-50%. In general, use of Prinagram, at 
different rates of PriJtagram awl. all locaticos, was a:nparable or nore effective than hand-weeding. 
p:re-arerg. PriJtagram is h::1Never nore eff. in control of broadleaved ~ than 

grassy ones. 

IX1al and Gesaprim al~ and in <bod ~ control fran IX1al + Atrazine at t kg: 2 kg rate or higher 
<Xllbinaticos awl. p:re-atergerX::e. rates. 

Use of fertilizer, insecticide 
and <Xllbinations; and different 
planting tines. 

Weekly planting fl:an onset of 
rains up to 9 ~ after. No 
insecticide and IDI' (5% dust). 

Untreated, IDI'-dust, 
Trichl.o:q:h::>n--grarrules 

Different insecticides. 

Different insecticides. 

Different insecticides. 

Untreated seed, Fernasan D, 
Furadan or F\lradan & 'Ihiran. 

I.ate planting results in a highar i.ncidenre of stalkborer attack. 
Farly planting seems, loiever, to increase th3 risk for ClatraJe by 
cut\'.oIIT5. 

Stalkborer control resulted in 60-70% reduct.ion in ro of tunreled 
int.em.Jdes. Yield increased by, on average, aboot 70% for plantings 
cx:npleted up to 15th Januacy in 1976/77. 

Qtly slight attack by stalkborer even in untreated control. No 

significant difference bet\'leen yields. 

All insecticides equally effective in a:nparis::>n to untreated control. 

In all asse.ssrents, en:bsulfan o:ntrolled stalkborer best. 

Spray awl.: Aldrin 40 was prelimi..nary recx:mrended as th3 results were 
good. 'Ih= otmr denicals did mt reduoe the attack of rraize. Seed 

dressillJ: Furadan 75% WP had g:xXl effect in terms of kil!IDJ weevils. 
Yield data was mt taken, :toiever. 

Ultreated seed gave 10-25% 1cMer yield. IEsults variable on best seed 
dressillJ treatrcent. 



~8. 

Activity or 
Crnp?nent(s) researctro 

55. Varieties 

56. Mireral Fertilizers 

57. Managarent 

raronstration Plots for 
Extension Plllp:>se 

58. Ex.tension Unit, UAC 

59. F.AO/KILlID-Fertilizer 

~ 

60. Natia1al Maize Project 

IAiration 

1974/75 - 1979/80 
(Rlk.wa 1978/79) 

1974/75 - 1979/80 

1974/75, 1975/76, 
1976/77, 1978/79 

1973/74, 1974/75, 
1975/76, 1976/77 

1980/81-1981/82 

1975/76 - 1981/82 

ANNEX III:8 

IDcation(s) <l>jective(s) 

M::leya-district: Uyole, Carpare existing lcx:al 
It.ewe, Haterere, Imezo varieties with .inproved 
(> 150Qn) , ~. varieties at different 
Chimal.a, ~ (<1500n) fertilizer rates. 
Rlk.wa: Milurrlik.wa, 
Nkurrli, MJ]o Pris::in Fann 

Irin:Ja: Makanbako, 
Kisin:Ja, Nd:>lela, 
Mkun]ugu 
M:x:izi: MJircba, Roliba 
Songea: Nga:i.kai, Songea 
Sec. Songea Prim. Kitai 

~:~ 

MJeya: MJircba, Uyole, Establish q>tinum 
Inyala, Iwanbiro, Imezo, fertilizer rates. 
I~, Shatnoiengo 

Irin:Ja: Isn:mi 
Rlvum3.: SUluti 

MJircba, Uyole, Inyala, 
Iwanbiro, Imezo, It.ewe, 
Chimal.a, Shatwer:go, 
Songea. 

Detennine optinun cmbi
nation of managerent in
pits at villa:;re level. 

Nsalaga, Jatbe, Inyala study daronstration plats 
villages ~ Uyole. as a nean of getti.n:J in 
rater extended to other oontact with lcx:al condi-
villages in t-h!ya, ticns and fanrers, and 
Irin:Ja, :Ruk.wa and R.IVUta daronstrate m::dem 

In Orunya (3 villages) 
Kyela (3 villages) 
:RurqNe (18 villages) 

fannirg rret:h:rls and gcx:x:1 

husbarrll:y. 

Deronstrate the use of 
fertilizers to famers as 
a rreans to increase 
fanrers' use of ~al 
fertilizers on their 
cn:ps. 

In abcllt. 50 vi11ages in Iaconstrate use of fer-
total in M::leya, M::lozi tilizer and .inproved lrus-
arrl Ileje districts. barrlry. 



q;eninJ 8. 

Treatnent(s) 

0 fertilizer; 100 kg N and 22 
per ha. 

ANNEX III:8 

Main IEsUlt(s) and Ccoclusion(s) 

Smll differena:!s between varieties wit:lnlt fertilizer arplication. P 
With fertilizer H 613 yields best, particularly at higher altitutdes. 
H 632 and OCA are similar in yield. 

~a: 0, 40, 80, 120 N + 0,22 P CDod resp::inse to N, frcm 18-35 kg grain/kg N arplied in M:>eya & 

Ruvuna: 0, 60, 120, 120 N + 0,22 P Ruvula. Iri.n:,Ja IlllCh ~ res...p::>nse for N durin:J test years. 
Irin:::fa: 0, 20, 40, 60 N + 0,22 P. 

100 N + 22 P/ha or O kg. Early or Clear resµ>nse to fertilizer. 1'b clear irrlication of resr:onse to or 
late weeding with and wit:h:ut insecticide cxntrol of staJ..kOOrer. 
insect--cx:introl. 

Inproved seeds versus local 
s=eds; use of FYM, and different 

Standard seed with and 
witlnlt fertilizer. Inproved 
seed with and witlnrt fertilizer. 
(Standard seed neans whatever 
seed the fanrer nay have. It 
COlld be eit:h:rr" local or 
irrp:roved) • 

A[p:lrent differences between local seed and hybrids and between fer
tilizer and oo fertilizer. Rid:Jes seem to have resulted in better 
yields than flat land. 1'b cbvioos difference between tcp-of-ridge and 
sid:!-of-ridge plantin:::f. 1'b distinct difference between one or 
three plants per hill. ('Ihese are early results fmn villages near 
Uyole. rater wh:m the daronstration pn:gi:arme was expaOOed feN results 
were cbt:ained frcm the daronstrations because of px>r mmagarent 
of plots.) 
lt1t aim:rl at pJ:01T:idirYJ experirrental results. 

lt1t aim:rl at prrN:idirYJ experirrental results. 



Annex IV:l 

IAOOR REJJUIREMENT EUR W\IZE PHJDOCTION IN MAN D.J\YS PER HA 
USING HAND OJLTIVATICN 

Mwanza-Shinyanga I B R D 4> Res. Guide 1) 
Zani:>ia 

Hand work 
Trad. 2) Imp. 3) Trad. Imp. Other 
Pract. Pract. Pract. Pract. unref. source 

Man day 

Land clearing NA NA NA NA NA NA 

Land preparation 50 50 
Hand cultivation 

flat (sesa) 34 25 25 12 

ridge 8 (39 (41 12.5 
( ( 

Planting (6 ' ( ( 10 10 5 
( 

Fertilization ( 0 5 0 12 3 
Basal dressing ( 
Side dressing 4 
Fann yard manure 0 0 32 0 0 0 

Weeding 20 20 27 30 30 
1st 9 
2nd 6 

Stalk borer control NA 0 2 0 5 0 
(dusting) 

Harvesting 15 ( ( 19 25 12 
( ( 

Transporting (field 5 (20 (25 2 5 NA 
to house, etc.) ( ( 

Shelling 15 NA NA 11 25 NA 

Yield level, kg/ha 1400-2500 NA NA 850 2000 NA 

Total 105 104 157 122 162 59.5 

1) Resource Guide, Data in agriculture by Josef Jonsson, Dept. of Agriculture 
~, Zarrbia, 1977 (1 Man day= 7 hours). 
2) Traditional Practice (ridged) for maize in pure stand. source: IBRD, 
Mwanza-Shinyanga RIDEP. 
3) Irrproved practice (ridged) for maize in pure stand. source: IBID, 
Mwanza-Shinyanga RIDEP. 
4) World Bank Report 2749b-TA. Staff Appraisal, Tanzania Pyrethrum Project: Maize 
Production in Highland Fanning Systans. 



Annex N:2 

IAOOR REXJUIREMENT IN MAN DAYS (Md) AND OX-TE.AM DAYS (Ox-td) PER HA FOR MAIZE 
PK>DOCTI<N 

Ox technology 

Land preparation 
Plowing 

Harrowing 

Ridging 

Planting 

Res. Guide 
Zanbiar 

8 Md and 
4 ax-td 
(PlaN'ed twice} 

3 Md+ 
1.5 ax-td 

3 Md+ 
1.5 ax-td 

(7 Md+ 
FYM and fertilizer( 
Basal dressing (3.5 ax-td 
Top dressing 4Md 

Weeding 
1st (14 Md+ 

(7 ax-td 
( 
( 
( 

2nd ( 

Dusting 

Harvesting 15 Md 

Transporting 2Md 

Shelling 15 Md 

Yield level (kg/ha.)2500-4000 

Total 71 Md 
17.5 ox-td 

~za-Shinyanga2 Work study Unref. 
Labor and ~-team Pakenham Walsh source 

days/ha 
(Flat System) 

(Plow+Plant) 
30 Md+ 
7.5 ax-td 

37 Md 

ax-weed 
10 t-tl + 
2.5 ax-td 

10 Md 

2Md 

( 
( 
(25 Md 
( 
( 

NA 

114 Md 
10 ax-td 

9" wide furrow Primary cult. 
20 hours/ha 4 ax-td 
or 0.05 ha/hr + 8 Md 

0. 27 ha/hour 
or 3.7 hours/ha 

3 ft. ridge 2 ax-td 
5 hours/ha + 4 Md 
or O. 8 ha/hour 

5Md 

3 Md 

OX td-ridging 
2 ax-td 
+ 4 Md 
+ 3 Md hand.

weeding 

2 ax-td 
+ 4 Md 

12 Md 

NA 

43 Md. 
10 ax-td 

1) 4 oxen and 2 iren (of which one can be a youth) make up a team. 
Source: Resource Guide, Data in Agriculture by Josef Jonsson. Dept. of 
Agriculture, KabNe, Zanbia, 1977. 

2) Source: mro I Mwanza-Shinyanga RIDEP. 
3) 4 oxen team. Ox-plow and plant with 4 iren at the rate of 0 .133 ha/day, or 

7 .5 ox-team days and 30 Md per ha. Ox weeding is done with ·2 iren and 2 oxen 
at the rate of 0.202 ha/day or 2.5 ax-team days and 10 man days/ha 
(ox-team-day defined as being equal to 4 oxen working for 1 day) • 



Annex v 

TABLE ON PRICES AND OOS'1'S FOR INPUI'S IN MAIZE PKDUCI'ION 

(Prices 1982/83 growing season in T sh) 

Fertilizer 

Cost/bag COst 100/kg Transport fran District Interest 
Type (T sh) (T sh) HQ to village (8% for 1 year) 

110.70 221.40 20 T sh/100 kg l~·· ,..-19.00 i sh 

TSP 105.80 211.60 20 T sh/100 kg 

26% N in CAN = 10 T sh/kg N in cost to farmer 

20% P in TSP = 12. 50 T sh/kg P in cost to farmer 

18.50 T sh 

Transport cost assurred: a) 70 km on average fran District 00 to village 

seed 

b) T sh 2.80 per ton/km average 
70 x 2.80 = 200 T sh/1000 kg 

OWn seed: T sh 2.20/kg (official price of maize) 

Purchased seed: 

Total 

260 T shs 

250 T shs 

a) carposite: (Seed Price} Tsh 8.60/kg+(transport) Tsh 100/kg=Tsh 9.60/kg 
Assurced changed every 3rd year, cost per kg 

= 2 • 20 + 9 • 60 - 2 . 20 = 4 • 67 ~ 5 T sh/kg 
3 

b) Hybrids: (Seed Price) T sh 11.80/kg+(transport) Tsh 1.00/kg=13.80~14 T sh/kg 

Assumed bought every year 

Difference between Carp. and Hybrid= 14 - 5 = 9 T sh/kg, at a 
seed rate of 25 kg = 25 x 9 = 225 T sh/ha 



CENTRO INTERNACIONAL DE MEJORAMIENTO DE MAIZ Y TRIGO 
INTERNATIONAL MAIZE AND WHEAT IMPROVEMENT CENTER 
Londres 40 Apartado Posta I 6-641 06600 Mexico, D. F, Mllxico 


