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STELLINGEN 

1. 
Nu het ekonomisch belang van onvolledige resistentie in academia ingezien wordt, 
dient onvolledige resistentie in praktijk gebracht te worden. 

'Symposium on durable resistance in crops' 
Martina Franca, Italië, 1981. 

2. 
In Afrika wordt het belang van resistentie van tarwe tegen Insekten onderschat. 
Dit komt mede door geringe interesse voor de plantenveredeling bij entomologen, 
en door een geringe bekendheid van veredelaars met de entomologie. 

'Proceedings of Wheat Workshop', Mount Makulu Research Station, 
Chilanga, Zambia, 1981. 

3. 
De rassenbeproeving en de rassenregistratie van tarwe houden te weinig rekening 
met de duurzaamheid van resistentie en de stabiliteit van opbrengst. 

Dit proefschrift. 

4. 
Een groot tarweareaal in Zambia kan ongunstig zijn voor de tarweproduktie in 
naburige landen. 

5. 
De vooronderstelling van gewasfysiologen, dat ziektes en plagen afwezig zijn, 
is niet realistisch. 

Austin, R.B. 1982. J. agr. Sei., Cam. 98: 447. 

6. 
Skorda besluit uit haar proefresultaten ten onrechte dat zwarte roest in 
Griekenland relatief hoge verliezen veroorzaakt in laat gezaaide tarwe. 

Skorda, E.A. 1972. 'Proc. European and Mediterranean Cereal Rust 
Conference I'. Praag, Tsjecho-Slovakije: 277-282. 
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7. 
Deskundigen, uitgezonden naar ontwikkelingslanden op kosten van het 
Ministerie van Ontwikkelingssamenwerking, zouden zowel voor als na hun 
uitzending enige tijd moeten werken op kantoren van dit Ministerie. 

8. 
Het systeem van interne vacatures is op sociale gronden te verwerpen. 

9. 
De norm van foudloos spellen is in weze een statussimbool en wort gebruikt 
sosjale ongeleikhijt aan te geven en in stant te houden. 

10. 
De term dierveredeling, als gebruikt in 'Opleidingscentrum voor de 
dierveredeling', doet ten onrechte vermoeden dat het hier om veredeling van 
dieren gaat en dient te worden vervangen. 

Voorbeeld: Praktijkschool Barneveld. Opleidingscentrum voor de 
dierveredeling, dierverzorging en mengvoederindustrie. 

11. 
De term boerinnekaas zou vermeden moeten worden in reklameteksten. 

Vink, I. 1983. Boerderij 68 (50): 90. 

12. 
Reizigers bij het openbaar vervoer dienen zich bij het instappen te 
realizeren dat er ook uitgestapt dient te worden. 

Proefschrift van W.A.J. de Milliano 
'Improvement of wheat in Zambia using incomplete resistance against rusts' 

Wageningen, 7 december 1983. 



ABSTRACT 

De Milliano, W.A.J. 1983. Improvement of wheat in Zambia using incomplete 
resistance against rusts. PhD thesis, The Netherlands, (xi) + 156 p, 55 tbs, 
29 figs, 220 refs, English and Dutch summaries. 

The programme of wheat improvement developed in Zambia used local facilities 
(finance, personnel, infrastructure), low budget, and few personnel. Incomplete 
resistance against rusts was used to obtain durable resistance. 

The abiotic conditions, socio-economic status of the farmers, cropping 
methods, economic aims of wheat production and the status of research are 
described. Pests and diseases are discussed including some which are yet of 
minor importance. Possible grain yield losses are estimated. 

Recent literature on stem and leaf rusts in southern Africa is reviewed; 
epidemiology of both rusts, race shifts, seasonal variations in development, 
yield losses, and possible effects of an increase in wheat area are considered. 
Selections exhibiting stable incomplete resistance may have differential 
resistance. 

Qualitative and quantitative plant characteristics are described and 
results of trials from various irrigation seasons, are discussed. Selection 
criteria are given. 

Avoidance of differential resistance, selection of parent genotypes, 
multiple crosses using Ethrel, breeding scenarios, implementation of selection 
and management of trials are described. 

Suitable lines for irrigated, dambo and seepage wheat production were 
produced within 5 years by means of different scenarios. Resistance to 
helminthosporium and tolerance to low pH needed improvement, resistance to 
various pests and diseases was incomplete but adequate. 

Opportunities for increasing wheat production in Zambia are discussed, and 
possible uses of the new lines indicated. 

Keywords. Breeding, epidemiology, Ethrel, Helminthosporium sativum, incomplete 
resistance, Puccinia graminis, Puccinia recondita, rust races, stable 
resistance, temperature, wheat, yield components, yield loss, Zambia. 

This paper can be obtained at 
Laboratorium voor Fytopathologie 
Binnenhaven 9 
6709 PP Wageningen 
The Netherlands 
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1. INTRODUCTION 

1.1. The programme 

1.1.1. Background and purpose 

In 1975, the Zambian Government requested assistence from the Food and 
Agricultural Organization of the United Nations (FAO) to implement a Horizontal 
Resistance Breeding Programme for wheat (Triticum aestivum L. em. Thell.). 
At that time, Zambia had just begun increasing wheat production. Other motives 
were the discussions and conclusions of the 1974 World Food Conference (FAO, 
1975) and new information available on horizontal resistance and its advantages 
(Vanderplank, 1963, 1968; Robinson, 1973). In January 1976, the author, 
appointed by FAO as an Associate Expert (Horizontal Resistance), became an 
Agricultural Officer in Zambia. The terms of reference given by FAO were: 
"to initiate and conduct a new programme of wheat improvement aimed at 
comprehensive horizontal resistance to all locally important pests and pathogens 
in accordance with new concepts and techniques being promoted by FAO". New good 
yielding lines were required with (long lasting) horizontal resistance to all 
locally important pests and diseases. These new lines were to be developed for 
various areas in Zambia, for both the rainy season (November to March) and the 
irrigation season (April to October). 

1.1.2. Organization and financing 

The Horizontal Resistance Breeding Programme for wheat (HRBP) in Zambia was part 
of the International Programme on Horizontal Resistance (IPHR), which also 
implemented similar programmes for wheat, maize, tomato and coffee, in Brazil, 
Morocco, Tunesia and Ethiopia (Robinson and Chiarappa, 1977). HRBP was a 
national programme of the Research Branch of the Department of Agriculture, 
and was stationed at the National Irrigation Research Station (NIRS). It was 
introduced to farmers by means of field days, at agricultural shows and through 
2 local farming magazines (De Milliano, 1977 a, b). One foreign staff member was 
working in the programme. From 1980 to 1981 there were 2. There were 2 local 
workers in 1976 to 1978, 3 in 1978, and since 1979 4 to 5 workers have been 
active in the programme. In 1979, a graduate of Monze College joined HRBP as 
an Agricultural Assistant. He was promoted to Senior Agricultural Assistant in 
1980. In 1980, a graduate of the Natural Resources Development College joined 
as a Technical Officer. Dr. L. Chiarappa, Mr. R.A. Robinson, Dr. W.C. James and 
Mr. C. Keller were FAO advisors to HRBP between 1976 and 1978. In 1979, the 
programme became part of the Netherlands Development Co-operation with Zambia, 
and Dr. J.C. Zadoks, Dr. J.E. Parlevliet and Dr. A. Darwinkel became advisors 
to the programme. Apart from the salaries of the 2 foreign staff members, the 
programme has been financed largely by the Research Branch of the Zambian 
Ministry of Agriculture and Rural Development. Between 1979 and 1980, 
FAO donated 2500 US dollars for running costs of the programme and the 
Netherlands Development Co-operation donated 2 vehicles, and goods to 
the value of 20,000 Dutch guilders. 

1.2. Resistance 

After studying the critical comments on the 'horizontal' resistance concept 
and the various terminologies used to indicate resistance which is expected 
to be long lasting, the term horizontal resistance was replaced by the term 



incomplete resistance. The term incomplete resistance was suggested by 
Parlevliet (1976 a) and put forward by Eskes at a symposium on durable 
resistance in crops in Martina Franca (Italy), 1981, as we]1 as in publications 
(Eskes, 1983). Incomplete resistance is the type of resistance which does not 
completely inhibit reproduction of the parasite. A parasite is defined in 
accordance with terminology by Robinson (1976) and includes pathogens (fungi, 
bacteria, viruses, etc.) and pests. The breeding scenario advised by the 
'horizontal' resistance concept, to obtain resistance which is expected to be 
long lasting (Putlu and Prescott, 1976; Lambert! et al., 1983), is subject to 
more complications than initially suggested, and is subject to discussion (for 
example Nelson, 1978; Parlevliet, 1979; Eskes, 1983). The scenarios used in this 
programme are described in Chapters 7 and 8. 



2. WHEAT IN ZAMBIA 

Wheat is of considerable importance to Zambia (Section 2.3); the government 
has expressed a great interest in the development of wheat with resistance 
to locally important pests and diseases (Chapter 1). Before embarking on such 
a programme, a number of factors of importance to wheat production must be 
considered: the abiotic conditions (Section 2.1), the socio-economic status 
of the farmers (Section 2.2), methods and economic aims of wheat production 
(Section 2.3), the status of research (Section 2.4) and the selection of 
research stations (Section 2.5). 

2.1. Zambia 

2.1.1. Location and area 

The Republic of Zambia, known as Northern Rhodesia before becoming independent 
in 1964, is tropical and being located between latitudes 8 and 18 degrees S and 
longitudes 22 and 33 degrees E (Figure 2.1). Its area is approximately 
752,600 km2 in area (FAO, 1980). It has an irregular shape, vast distances and 
a diversity of physical features such as lakes, swamps and escarpments. Zambia's 
landlocked location limits its potentials for prosperity and stability (Davies, 
1971 a). Zambia is surrounded by eight countries. The economy is heavily 
dependent on copper exports and imports of capital and consumer goods. Transport 
of goods through some of these countries may be delayed or is impossible if 
routes are closed. Distinct regional differences exist between the zone where 
the railway was first introduced, including the Copperbelt, Central and Southern 
Provinces and outlying regions. These differences are shown clearly by 
indicators such as urbanization, number of industrial establishments, banking 
services and population density. Since independence, some regional differences 
have been successfully reduced, for example in health and educational services 
(Davies, 1971 b; TNDP, 1979). The major part of the agricultural production 
takes place in the central regions where some 30% of the rural population lives, 
producing some 60% of the total agricultural output (including subsistence 
production). This has resulted in disparities in the level of living, which is 
a major concern of the government. The Third National Development Plan (TNDP) 
includes a provincial development strategy diverting investments to rural areas, 
and programmes to enable all categories of farmers to obtain maximum crop 
production. 

2.1.2. Relief 

Zambia consists mainly of a series of gently undulating to flat plateaux, with 
isolated hills and low ranges of resistant rocks. The slopes of the plateaux 
vary from gradual to very steep escarpments. The escarpment zones may be very 
long (up to 550 km). The highest of these plateaux is located in the east and 
north-east and reaches a maximum height of 2164 m above sea level (asl). The 
plateaux decrease in height towards the south and south-west, the lowest point 
being 325 m asl (Archer, 1971 a ) . Most of Zambia is between 900 and 1500 m asl. 
Although Zambia is a tropical country, the altitude permits production of a 
number of temperate crops which supplement tropical crops. 
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Figure 2.1. Map of Zambia. 



2.1.3. Soils and water resources 

Zambia is situated on the high interior plateau of Africa which consists mainly 
of old rocks; the soils are generally infertile. In southern Zambia, processes 
of weathering and leaching of the soil are less rapid than in the rainier north. 
Mäckel (1971) distinguished eight major soil groups. They can be grouped in 
3 classes on the basis of their suitability for agriculture (Table 2.1). 
A. Deep fertile soils, medium acid to slightly alkaline (pH 5 to 7 ) , on which 

most crops will produce good yields under recommended management. Wheat 
yields are above 3 mt/ha after fertilizer application. 

B. Deep to shallow soils, sandy loams to loamy sands, with a moderate base 
status, or extremely acid to strongly acid soils (pH 3.5 to 5 ) , or cracking 
clays (pH 5.7 to 7.3, increasing to 8.3 in the subsoil), on which, in most 
cases, locally adapted crops will produce moderate yields with careful 
management. Dambo soils (Subsection 2.2.1) form a separate minor soil group 
(suitability class B ) . Seepage soils (Subsection 2.2.1) belong to the flood 
plain soils. Wheat yields tend to remain below 3 mt/ha after fertilizer 
application. Many of these soils are suitable for grazing, forests and 
wildlife habitat. 

C. Sands, rocks and swamps best suited to permanent cover by woods and grass. 
The division of soils in 8 groups is a gross simplification imposed by 

scale and lack of knowledge. The division of soils in 3 classes of agricultural 
suitability is also a generalization. Since 1971, information on soils in Zambia 
has increased: by 1971, only 7 soil survey reports had been produced by the soil 
survey unit of the Department of Agriculture; by 1979, there were 62. This new 
information may increase the area to be assigned to class A by a small 
percentage, thus decreasing class B. 

Fertile soils producing high yields cover only a few per cent of the total 
area of Zambia, mainly in the southern, central and eastern parts of the 
country. Only 1 to 3% of the total land area is permanently under cultivation 
(FAO, 1980; TNDP, 1979); a very small fraction of its potential arable land. 
Major uncultivated areas are in the North Western Province, which also has 
fertile soils, and in the Western Province. 

Zambia is well-endowed with water resources in the form of lakes and rivers 
(Figure 2.1 and Table 2.1). The present area under irrigation is estimated at 
10,000 ha, including a sugar estate of 7,500 ha. Only a small fraction of the 
potentially irrigable land is being used. 

Table 2.1. Generalized agricultural suitability, classes A to C (explanation 
see text) of the 8 soil groups in Zambia. The area per soil group, determined 
from a map by Mäckel (1971), is expressed as a percentage of the total area. 
The total area (75,260,000 ha) includes the area covered by lakes (2%). 

Agricultural suitibllity 
A B 
Soil group % Soil group 

Fersiallitlc 

Total 

Southern ferrallitlc 
Northern ferrallitlc 
Vertisols of Kafue flats 
River valleys 
Flood plains 

% 

12 
30 
1 
6 
5 

Soil group 

Barotse sands 
Litho sol s 
Swamp 

% 

23 
15 
2 

54 40 



Most of the soils need a high level of management and require inputs to 
improve their suitability for agriculture (Brammer, 1973, 1975). For wheat 
production, the application of fertilizers is a common practice. Occasionally, 
use is made of manure, mainly by traditional and emergent farmers. 

2.1.4. Climate 

Introduction. The climate of Zambia is described as category V-3 by Landsberg 
et al. (1966): "Wet and dry tropical climates with 7 to 4.5 humid and 5 to 7.5 
arid months: rainy-green dry wood and dry savannah". On the basis of rainfall 
and temperature patterns the year can be divided into three distinct seasons 
(Archer, 1971 c; Figure 2.2): 
a) a cool and dry season (April to August), 
b) a hot and dry season (September to October), 
c) a warm and wet season (November to March). 

In accordance with local practice, the entire period (April to October) of 
the dry season (DS) is referred to as the irrigation season (IS), and the warm 
and wet season (November to March) as the rainy season (RS). The RS is the main 
season for crop production. 

Irrigation season. In the cool DS, the sun is furthest north and temperatures 
are at their lowest. In the coldest month, July, mean minimum air temperatures 
(monthly and annual means of the lowest recorded each day) range from 3 to 15 C 
(Meteorological Department, 1975). Clear skies at night over most of the country 
permit rapid loss of heat from the surface. Temperature inversions frequently 
develop in valleys and lower areas of the plateaux. Associated frost, especially 
ground frost, may occur locally over a substantial part of the country between 
June and August. Frost days (the number of days when the ground minimum 
thermometer records frost) are most frequent in the south-west (Sesheke area), 
where there is an average of 10 frost days per year. Most areas have only a few 
frost days per year. Only a few parts of the Northern and Luapula Provinces have 
no frosts at all (Frost, 1968; Archer, 1971 c). Mean maximum air temperatures 
(monthly and annual means of the highest recorded each day) are lowest in June 
and July and vary from 20 to 31 C (Meteorological Department, 1975). As there 
is little cloud cover, bright sunshine is usually in excess of 8 hours per day 
throughout the cool DS. Daily relative humidities in July range from 60 to 80% 
in the early morning and from 20 to 40% in the afternoon, with locally higher 
values in the vicinity of lakes and permanent swamps (Archer, 1971 c). Relative 
humidity decreases steadily from April to September. The wind is predominantly 
from the east throughout the country (Figure 2.3); wind speeds are generally 
higher than in the RS. Following the southward movement of the sun in August, 
the temperatures rise sharply, marking the arrival of the hot DS. 

In the hot DS, mean maximum temperatures may reach 39 C at low altitudes 
and 29 C at high altitudes. Nights also become warmer; occasionally the mean 
minimum temperature is above 21 C. From August, winds strengthen and their 
direction changes gradually to become north-easterly. In October the humidity 
begins to rise, due mainly to maritime Zaire air, which can appear suddenly. 
There are occasional thunderstorms, first in the north-west, then spreading 
to the rest of the country in November and December. 

Rainy season. Rainfall is almost wholly restricted to the RS. The mean annual 
rainfall decreases from 1000 to 1380 mm in the north to 660 to 950 mm in the 
south (Meteorological Department, 1975). 
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January 

Figure 2.3. Generalized air-flow patterns above Africa, after 
Archer (1971 b) and Chi-Bonnardel (1973). 

Usually a single rainfall peak is observed (Figure 2.4), occurring in December 
in the south and in January in the north. Precipitation can be heavy (more than 
25 mm per h) and tends to be local and irregular. During the rains, virtually 
all crops may be subject to extensive damage which may be aggravated by 
parasites, attacking damaged tissues (Bailey, 1969). Water logging as well as 
drought occur (Simango and Das, 1977). The average duration of the period with 
rains (FAO, 1968) varies from 190 days in parts of the Luapula and Northern 
Province to less than 120 days in the south-west (Archer, 1971 c). There are 
substantial variations from year to year in the duration and the amount of 
rainfall (Figure 2.4). The onset of the rains usually occurs in November or 
December; the ending of the rains is usually in March in the south and April in 
the north. After the hot DS, the maximum temperature decreases. Differences in 
the mean maximum air temperatures between altitudes tend to be more pronounced 
during the RS than during the DS. Due to differences in altitude, temperatures 
at locations near the equator may be lower than those at locations near the 
tropic of Capricorn. The cloud cover reduces the loss of heat from the surface, 
so that the minimum temperature is higher than in the cool DS. Towards the end 
of the RS, the cloud cover decreases causing an increase in temperature during 
daytime (increase in the mean maximum temperature and longer periods of 
sunshine). Easterly winds are still dominant in the RS in the south and east but 
winds from the north-west quadrant become dominant over much of the north and 
west. Winds are usually light but there may be heavy squalls associated with 
thunderstorms. In January, relative humidity reaches 95% in the early morning 
and 60 to 70% by mid-afternoon. Mist and fog patches may develop in the early 
morning but they disperse quickly after sunrise. Monthly sunshine ranges from 
an average of 4 hours in the north to an average of 5 or 6 hours in the south. 



The principal airstreams affecting Zambia in the RS are (Figure 2.3): 
- Zaire air, 
- the south-east trades from the Indian Ocean (dominant during the cool DS) and 
- the north-east monsoon, originating in the Asiatic high pressure system. 
The place where these airstreams meet is referred to as the Inter-Tropical 
Convergence Zone (ITCZ). Most rainfall occurs near the margins of ITCZ along the 
Zaire air boundary and at the northern limit of the south east trades. Rainfall 
is particularly prevalent when there are surges in the airstreams and the 
boundaries are being actively moved forward. Less precipitation occurs in the 
central area of the ITCZ or within the airstreams. Persistent rain or drizzle 
also occurs when high pressure cells move eastward from the South Atlantic Ocean 
across the continent. Counter-clock-wise circulation around high pressure cells 
often causes an invasion of cool moist air from the south-east or south and 
causes surges in the south-east trades. This condition is most common in the 
east and south. Tropical cyclones, originating in the southern Indian Ocean, may 
occasionally penetrate inland as far as Zambia. By this time, they usually move 
slowly, but may release heavy precipitation. 

2.2. Agriculture and crop production 

2.2.1. Introduction 

In 1976, the contribution of agriculture (crops and livestock) to the total 
gross domestic product was estimated to be 14%, including almost 9% subsistence 
agriculture (TNDP, 1979). The total internal demand exceeds the estimated 
production for 3 crops only: wheat, barley and tea. 

There are 3 main categories of farmers: traditional, emergent and large 
scale commercial farmers, the latter category including managers of parastatal 
farms. They cultivated approximately 78, 18 and 4%, respectively, of the total 
area harvested in 1974. Emergent and large scale farmers produce most of the 
cash crops. Traditional farmers are subsistence farmers and rarely produce cash 
crops. Three sub-categories of emergent farmers can be distinguished. 
- Improved village farmers, who rely largely on manual labour and draft animals 

for cultivation. Such farmers rarely have more than 10 ha of crops per season. 
They are estimated to have cultivated 11% of the total area harvested in 1974. 

- Organized smallholders, operating in settlement schemes and rural 
reconstruction centres created by Government. Individual farmers rarely have 
more than 10 ha of crops per season. 

- 'Middle-sized emergent farmers', who use machinery and hired labour. Most 
cultivate not more than 50 ha of crops per season. They are estimated to have 
used 4% of the total area harvested in 1974. 

Most crops are produced in the RS, although all categories of farmers 
produce some crops during the DS. Mechanized irrigation is largely restricted to 
some large scale farmers, while the use of seepage and dambo soils is restricted 
mainly to traditional and emergent farmers. Seepage soils are supplied with 
water by seepage from higher ground during part or all of the DS. The strips of 
seepage soil are of limited width, usually from 1 to 200 m or more. In Kalabo, 
for example, the average width of the strip where wheat can be grown is 50 m. 
The total area of the strip is approximately 350 ha (Offergelt and De Milliano, 
1979). A dambo is a low lying area, often grassland, which remains wet during 
part of the dry season. 

Terminology in the following Subsections such as farming system, cropping 
system, intensive fallow system, and sequential cropping is used in accordance 
with Westphal et al. (1981). 



2.2.2. Subsistence and emergent farmers 

Poor soils and low population densities have resulted in traditional farming 
systems based on pastoralism or shifting cultivation with long fallow, using 
various combinations of the 5 main staple crops: maize, finger millet, 
bulrush millet, sorghum and cassava (Siddle, 1971). Three broad categories of 
farming systems can be distinguished. 
- Chitemene system. Irregular areas of 4 to 8 ha are cleared. Branches are 

usually heaped and burnt and the seeds sown in the ash, either broadcast or by 
using a planting stick. Crops grown are: pumpkins, sweet potatoes, cowpeas, 
groundnuts, common beans and finger millet. Home gardens contain relish crops 
or cassava. Suitable valley or dambo soils are often reserved for relish crops 
(okra, Amaranthus spp., pumpkin and rape), fruits and roots. Caterpillars, 
grasshoppers and small mammals form a valuable protein supplement. Most 
farmers have only a few chickens or goats. Farmers rarely produce cash crops. 
The introduction of new crops, such as wheat, is of questionable value until 
traditional crops are grown commercially. 

- Fallow system in transition with the use of ash. An attempt is made to produce 
cash crops such as maize and bulrush millet, making use of fertilizers. 
Cassava is a common crop. Some of these farmers may soon use fallow systems in 
the process of becoming permanent cultivation systems, in which wheat may be 
used as a cash crop. 

- Fallow systems in the process of becoming permanent cultivation systems. Land 
preparation is with hoe or plough. Soils are generally selected carefully. 
Mounding is used. Grass-manuring is practised rather than fertilizing of the 
soil by burning. After 5 or 6 years of single cropping a fallow period with 
an equal duration may occur. A high proportion of land may be under permanent 
cultivation. Typical staples are cassava, bulrush millet and maize. In 
addition, special crops (vegetables, tubers, rice, tobacco, fruits) are 
cultivated in subsidiary gardens. Animal husbandry often plays a role in the 
systems' economy. Transitions to ox and tractor ploughing for commercial crops 
are made by these emergent farmers. In the Western Province, wheat was 
introduced on the initiative of the farmers in the DS. It is grown in addition 
to relish crops and other crops such as sweet potatoes. 

Emergent farmers making use of ox and tractor ploughing may be interested 
in growing wheat. To increase production in general and wheat production in 
particular, it may be necessary that the use of ox- or tractor-drawn ploughs 
becomes more widespread. The use of oxen is restricted by their availability 
(particularly limited in the Copperbelt, Luapula, North Western and Northern 
Provinces) and a lack of training in their use. The fact that animal husbandry 
already plays a role in the systems' economy may facilitate the introduction of 
work oxen. Tractors of the size required for a 30 ha holding, in the range 11 to 
40 hp, are at present not available (TNDP, 1979). Purchase and operating costs 
are likely to limit their use in the near future, and this may favour the use of 
work oxen. 

2.2.3. Large scale farmers 

Large scale farmers make use of an intensive fallow system for production of the 
major commercial crops. Major commercial crops are maize, sorghum, groundnuts, 
tobacco, vegetables and cotton. Commercial crops such as sugarcane, rice, 
sunflower, soybeans, pineapple, coffee and bananas are less widely cultivated. 
Sequential cropping occurs. Wheat is grown in sequential cropping (double or 
tripple cropping) with cash crops, and is grown during the DS only. For further 
information see Wilson (1971) and Lombard and Tweedie (1974). 

10 



2.3. Wheat 

2.3.1. Production 

General. Zambia was self-supporting from the 1940s, when wheat was first 
introduced, until the early 1960s. This was due to the very low consumption of 
bread, the main food product for which wheat is used. Most wheat was grown under 
irrigation (Hurd, 1981). During the 1960s wheat production decreased and it 
virtually disappeared in the 1970s. This coincided with a large increase in 
consumption, high prices for wheat on the world market, and a reduction in the 
price of copper which is Zambia's main source of foreign exchange. The total 
wheat demand for 1983 is estimated at 190,000 mt (TNDP, 1979). 

Cropping methods. The cropping methods for wheat in Zambia are set out below. 
a) Early rainfed wheat. In areas where the rains stop towards the end of March, 
wheat is sown between November and January. Crop growth and development is 
entirely dependent on rain water and residual moisture. At Mount Makulu Research 
Station, wheat has been grown in this way since 1954 (Mounter, 1961; Kajimo, 
1969; Zam-Can, 1979, 1980 a, 1981). Grain yields ranged from 0.2 to 3.2 mt/ha. 
Before 1960, the maximum yield, the yield of the highest yielding cultivar, was 
1.5 mt/ha. Currently, the maximum yield surpasses 3.5 mt/ha (Raemaekers, 
1981 a ) . Adapted cultivars give yields of 1.0 and 2.0 mt/ha when use is made of 
mechanization, seed rates of 90 to 100 kg/ha and fertilizer application per ha 
of 100 kg N, 50 kg P205, 25 kg K20 and 4 kg 'Solubor'. Few farmers (less 
than 50) adopted this cropping method, and little or no information on yields 
is available. Early rainfed wheat production seems feasible in areas where 
annual rainfall is between 600 and 800 mm. 
b) Late rainfed wheat. Wheat is sown in January or February or even later. 
Crop growth and development is entirely dependent on rain water and residual 
moisture. The later stages of development of the plant are dependent on the 
availability of residual moisture. In 1981, more than 1000 ha of late rainfed 
wheat was grown, that is virtually all wheat in the Northern Province and 
approximately 1000 ha cultivated by the Zambia-Canada wheat development project 
(Zam-Can) at Mbala (MB), see Subsections 2.5.1 and Section 9.2. Smallholders are 
being trained by the Integrated Rural Development Co-operation in Kasama to 
adopt wheat production, and holders of more than 20 ha in the Mbala area are 
being trained by Zam-Can (England, 1981). Between 1954 and 1960, grain yields in 
experimental plots were generally low, 0.4 to 0.6 mt/ha. The general assumption 
was that water storage capacity of soils was too low (Mounter, 1961; Kajimo, 
1969). Since 1976, commercial yields at MB ranged from 0.3 to more than 1.0 
mt/ha and in trials certain cultivars have yields exceeding 2.0 mt/ha, when 
management is practised similar to that described above for early rainfed wheat 
at Mount Makulu. At MB, 2 mt of lime was applied per ha as soils tend to be 
extremely to very strongly acid (Zam-Can, 1979, 1980 a, 1981). 

This production method seems feasible for areas were rain falls until late 
April, generally those areas with more than 800 mm per year. In areas where less 
rain falls, wheat may be double-cropped with tobacco (Snead, 1975). 
c) Partly rainfed wheat. Sowing may be between January and April. Crop growth 
and development depends on rain water and irrigation water. This cropping method 
is experimental. Yields up to 2.0 mt/ha were obtained, using only limited 
mechanization, seed rates of 60 to 150 kg/ha and fertilizer applications per ha 
of 90 kg N, 60 kg P205 and 30 kg K20 (NIRS, 1980; De Milliano, 1981). 
d) Irrigated wheat. The wheat is sown between late April and late May. In 
certain areas sowing must be postponed until mid May to avoid frost damage 
(Kajimo, 1969; Kotschi, 1976). Crop growth and development depends entirely on 
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irrigation water and residual moisture. In 1975, a small number of farmers began 
growing irrigated wheat on a modest scale (Table 2.2). 

Table 2.2. Statistics of irrigated wheat production in Zambia, 1975 to 1977 
(Jones and Pope, 1977). 

1975 1976 1977 

Number of farmers 9 18 32 
Total wheat area (ha) 220 940 1700 
Mean wheat area per farm with wheat (ha) 24 52 53 

By 1980, some 2600 ha of irrigated wheat was produced, primarily in the Central, 
Southern and Copperbelt Provinces (Hurd, 1981); this amounted to 11,000 mt of 
wheat or 4.2 mt/ha. In the 1950s, the maximum yield was approximately 4.0 mt/ha 
(Mounter, 1961) and in the 1960s 5.0 mt/ha (Kerkhoven, 1964). Recent trials with 
a high level of mechanization, seed rates of 90 to 100 kg/ha and fertilizer 
applications per ha of 120 kg N, 60 kg P205 and 30 kg K20, have produced maximum 
yields of more than 7.0 mt/ha (Zam-Can, 1980 b; Little, 1982) and 8.0 mt/ha 
(Little, 1983). Widespread production of irrigated wheat is possible as many 
areas have sufficient water available. 
e) Seepage wheat. Wheat is sown in April or May. Crop growth and development 
depends on seepage water and residual moisture. At present, very few farmers 
grow seepage wheat. In 1979, about 40 farmers in the Kalabo District in the 
Western Province, had an average yield of 0.6 mt/ha. The highest yields exceeded 
2.0 mt/ha. No mechanized equipment was used, seed rates were 90 kg per ha, and 
fertilizer applications per ha only 30 kg N, 60 kg P205 and 30 kg K20. The wheat 
area per farm varied from 0.2 to 2 ha (Offergelt and De Milliano, 1979). Yields 
up to 2.0 mt/ha were also obtained in trials on manured plots, conducted between 
1954 and 1960 (Mounter, 1961; Kajimo, 1969) and along the Luena river near 
Mangango in the Western Province, where management conditions were similar to 
those at Kalabo. Wheat may possibly be grown on alluvial river banks of the 
Luangua and Gwembe river if supplementary irrigation facilities are made 
available (Ferreira, 1977). 
f) Dambo wheat. Wheat can be grown in dambos (Ferreira, 1977; Offergelt and 
De Milliano, 1979). Wheat is sown in April or May. Wheat growth and development 
depends on residual moisture and seepage water. Dambos occur throughout the 
country, but their area, expressed as a percentage of the total area is very 
small. Very few farmers grow wheat in the dambos. In the Western Province, near 
Kalabo, the yields were below 1.0 mt/ha under the same management conditions as 
for seepage wheat. Ferreira (1977) suggests that most dambos are suitable for 
wheat production. Brammer (1975), however, reports that dambo soils may be 
strongly weathered and the topsoil strongly acid, making these dambos or part 
of these dambos less suitable or unsuitable for wheat production. 

In Zambia cropping methods of wheat are the subject of much discussion 
(Subsection 2.4.2). A brief summary of advantages and disadvantages of the major 
cropping methods is given below. 
Advantages of rainfed wheat as opposed to irrigated wheat are: 

- low costs of production, 
- a limited level of education in agriculture is required, 
- availability of larger areas for cultivation, 
- absence of night frost during the season, 
- a long dry period for harvesting, 
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- low risk of damage from birds and other animals, as an abundant natural 
supply of food is then available, 

- the short period of development from sowing to ripening, so that wheat can 
be grown in sequential cropping, for example, after tobacco. 

Disadvantages of rainfed wheat are: 
- relatively high temperatures which are partly responsible for low yields, 
- high risk of severe weed infestations and of high disease severities, 

especially helminthosporium and rusts, 
- water quantities which cannot be regulated, 
- storm damage, sometimes causing lodging of wheat and soil erosion, 
- occasional water stress during critical periods of crop development, 
- risk of droughts. 

Rainfed wheat production may reduce the production of staple crops such as 
maize and rice. 

Advantages of irrigated wheat are: 
- the possibility of high yields (above 4.0 mt/ha), 
- small yield losses because of diseases, 
- employment throughout the year. 

Advantages of seepage wheat and dambo wheat are: 
- infrequent occurrence of rusts, 
- provision of a supplementary crop, a high quality food crop and a cash crop, 
- good storage qualities (for example, compared with vegetables). 

Disadvantages of seepage wheat and dambo wheat are: 
- difficulties in the choice of fields which requires a good knowledge of the 

soil pH and of the behaviour of the water table, 
- difficulties with seedbed preparation and crop husbandry (lack of knowledge 

as well as physical problems), 
- high soil conservation requirements, 
- fairly small hectareage, 
- yields which are generally low (less than 3.0 mt/ha), 
- high risk of damage to wheat by cattle, pigs, sheep or goats, 
- high risk of damage to wheat by Quelea, other birds and wild animals, 
- frost damage in some areas. 

The infrastructure of the area is often not well developed, adequate 
facilities for delivery of seed and fertilizers when needed, transportation 
of grain to the market and storage of the harvested grain are nonexistent or 
very limited. The isolated location of these areas, results in high costs 
for marketing, machinery usage and extension. Shortage of fanners occurs, 
partly due to migration to the towns. 

In general, solutions can be found for most of the technical problems 
associated with irrigated wheat. Other cropping methods present problems which 
may be difficult to solve. Increased wheat production in both the RS and the DS 
seems feasible. Conditions (soil, human) seem to be present for an expansion of 
wheat production, particularly near the railways, and in the North Western and 
Eastern Provinces. 

2.3.2. Break-even and target yields 

The break-even yield is the quantity of grain necessary to cover the total 
production costs, using the local producer price. The target yield is a 
hypothetical yield. The breeder attempts to develop cultivars with a yield 
higher than the break-even yield, when grown by farmers following current 
recommendations. The maximum yield (Subsection 2.3.1) is the upper limit for 
the target yield under experimental conditions. The difference between the 
break-even and the target yields may be an incentive for farmers to produce 
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Furrow 
Conventional sprinklers 
Travelling rain gun 

Area 
25 

1.71 
1.67 
2.47 
2.75 

(ha) 
50 

1.53 
1.53 
2.34 
2.20 

100 

-
1.58 
2.40 
2.16 

the speci f ic crop. Cost /benefi t analyses are performed for highly mechanized, 
high input wheat production (Donovan, 1952; Snead, 1975; Levy, 1979). Snead 
gives break-even y i e lds for 1975 (Table 2 . 3 ) . 

Table 2 . 3 . The break-even y ie ld ( a t Zambian currency K 16.00 per 90 kg bag) 
in mt/ha in r e l a t i on to area of production in ha, for highly mechanized wheat 
production ( t r a c t o r , machinery), using c e r t i f i ed seed (100 kg /ha ) , f e r t i l i z e r s 
(per ha 120 kg N, 60 kg P205, 30 kg K20) and herbicides (4 1 2,4 D/ha) a f t e r 
Snead (1975). 

Rainfed wheat 
Irrigated wheat 

On the basis of these data and 1975 yields under actual farming conditions, 
target yields for highly mechanized, high input rainfed and irrigated wheat in 
1975 were approximately 2.0 and 5.0 mt/ha, respectively. Cost/benefit analyses 
for wheat production under conditions of low mechanization are not available. 
As most Zambian soils have low fertility, particularly the ferrallitic, dambo 
and seepage soils, fertilizers are essential to improve yields. Cost/benefit 
analyses are, therefore, essential for wheat produced with little mechanization 
and different levels of fertilizer inputs. 

Traditional and emergent farmers in other African countries south of the 
equator, for example in Rwanda (Camerman, 1975; Boury et al., 1980), Zaire, 
Malawi and Tanzania (Toogood, 1981), produce rainfed wheat with little 
mechanization and low fertilizer inputs, and have actual yields of only 
1.0 mt/ha. Actual irrigated yields may also be 1.0 mt/ha (Croon, 1976). These 
examples suggest that break-even and target yields may be lower for highly 
mechanized wheat production. 

The break-even yield is composed of the variables, production costs and 
producer price. Zambia has a guaranteed producer price, which is increasing at 
present. The producer price for a 90 kg bag of wheat delivered at any depot was 
in Zambian currency K 16.00 (Snead, 1975) in 1975; in 1979 it was K 20.00 
(Ministry of Lands and Agriculture, 1978). Presently, especially in highly 
mechanized, high input wheat production, producer costs are also increasing. 
However, the increase in producer price and producer costs are not necessarily 
consistent. Thus break-even yields may be lower for some farmers due to a 
relatively large increase in producer price, and be higher for other farmers due 
to a relatively large increase in producer costs. As financial gain may be an 
important incentive for farmers to grow wheat, it is important that cost/benefit 
analyses are made annually for various farmers' groups. 

Since 1954, actual and maximum yields have increased for all major cropping 
methods of wheat (Subsection 2.3.1). As a result, benefits may occur that were 
impossible in the past. 

2.3.3. Diseases and pests 

In the RS, severe yield losses in early rainfed wheat may be caused by 
helminthosporium (Table 2.4, Subsections 3.3.4). 
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Table 2.4. Estimate of possible yield losses in wheat in Zambia, due to 
diseases and pests (Subsection 2.3.3 and Chapter 3 ) . 

0 = no loss. 
T = loss in a susceptible cultivar less than 1%. 
M = loss in a susceptible cultivar less than 5%. 
S = loss in a susceptible cultivar more than 5%. 
? = no information. 

Rainy season Irrigation season 

Early sown Late sown Irrigated Seepage and dambo 

Diseases 

Helminthosporium sativum 
Puccinia graminis 
Puccinia recondita 
Puccinia striiformis 
Septoria nodorum 
Septoria tritici 
Erysiphe graminis 
Fusarium spp. 
Ustilago tritici 
Bacteria 
Virus 

M-S 
0-M 
0-M 
0-T 
0-S 
0-S 
0-M 
T-M 
0-T 
0-S 
T-M 

T-S 
0-S 
0-M 
0-S 
0-M 
0-S 
0-M 
0-M 
0-T 
0-S 
T-M 

T 
0-S 
0-S 
0-T 
0-T 
0-T 
0-S 
0-T 
0-T 
0 ? 
T-M 

T-M 
0-S 
0-S 
0-T 
0-T 
0-T 
0-M 
0-M 
0-T 
0 ? 
0-M 

Insects and other pests 

Aphid s 
American bollworm 
Stem borers 
Termites 
Locusts, Acrididae 
Sucking/piercing insects 
Leaf-eating ladybirds 
Nematodes 
Rats and mice 
Quelea birds 
Other animals 

T 
0-S ? 
0-M 
0-S 
T-S 
T 
0-M 
0-S 
0-M 
0-M 
0-M 

T 
0-S 
0-M 
0-S 
T-S 
T 
0-T 
0-S 
0-M 
0-S 
0-S 

T-M 
0-S 
0-M 
0-S 
T-S 
T 
0 ? 
0-S 
0-M 
0-S 
0-M 

T-S 
0-S 
0-M 
0-T 
T-S 
T 
0 ? 
0-S 
0-M 
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Losses in late rainfed wheat may be severe, due to helminthosporium and stem 
rust (Section 4.5, Subsections 8.1.4, 8.2.4 and 8.3.4). Yield losses from 
result of helminthosporium are expected to be lower for late sown wheat than 
for early sown wheat because conditions are less humid (Subsections 8.2.4 and 
8.3.4). At higher altitudes, stripe rust may cause yield losses as the current 
commercial cultivars are susceptible (RDTN results, Section 4.4). As yet, 
however, stripe rust is rare and has not yet caused yield losses > 1%. 
Presently, Septoria spp. and bacteria are also unimportant pathogens. Many 
pests may attack wheat during both the RS and IS. At present, termites and the 
American bollworm are the most common pests (Subsection 3.3.5). Army worm is an 
unimportant pest, but caused losses in neighbouring countries (Valles, 1962; 
Northwood, 1970; Pedgley, 1982). Conditions are favourable for development of 
stored-grain insects, and post-harvest losses caused by these insects can be 
very large (Subsection 6.3.2). Common stored-grain insects are: the maize 
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weevil, lesser grain borer, larvae of Angoumols grain moth and Indian meal moth. 
In the IS, severe yield losses are occasionally caused by stem rust, leaf 

rust, powdery mildew, and possibly virus (Table 2.4). However, in dambo and 
seepage wheat, there are no records as yet of severe losses due to these 
pathogens. Pests which may cause severe yield losses are termites, locusts, 
American bollworm, nematodes and Quelea birds. A potential pest are aphids. 
Little is known about pests in seepage and dambo wheat, however, as fields are 
generally small, wild animals and cattle can easily destroy a large part of the 
crop. 

2.4. Research 

2.4.1. General 

Scientific research in the field of agriculture is carried out by: 
- National Council for Scientific Research, which is responsible for 

co-ordination of research efforts, 
- University of Zambia, established in 1965, and to which the National Council 

for Scientific Research allocates funds, equipment, facilities and staff, 
- Research Branch of the Ministry of Agriculture and Rural Development 

(Chimutengwende and Chimutengwende, 1975). 
The objectives of the Research Branch are to make agriculture more 

profitable, to develop self-sufficiency in agriculture in Zambia and to provide 
a support service for the farming industry (CARIS, 1978). The head office of the 
Research Branch at Mount Makulu encompasses specialized sections in plant 
protection, soils, advisory service and a library. Eight regional stations also 
conduct research in agronomy of tropical crops. 

The co-ordination and budgeting of all national projects is carried out at 
Mount Makulu. All provincial projects and funds for the regional research 
stations are controlled by the provincial permanent secretaries. Recurrent 
expenses are estimated by the Chief Agricultural Research Officer of each 
station. The research programme for each year is determined at a series of 
meetings and field tours which culminate in sessions of the Annual Research 
Commodity and Specialist Committees, where results of the past year are 
discussed and the programme is finalized (CARIS, 1978). Separate meetings are 
held for rainfed and irrigated wheat. 

Technical officers and agricultural assistants are trained at: 
- Natural Resources Development College in Lusaka, 
- Zambia Colleges of Agriculture at Monze and Mpika. 

2.4.2. Agronomy 

Research was mainly production oriented (Kajimo, 1969; Tout, 1974; Moono, 1980; 
Toogood, 1981) including subjects such as: 
- wheat production in various areas and various soils, 
- effect of pH and trace elements on wheat growth, 
- soil management and rotation, 
- timing of sowing, seed rate, spacing and ridging, 
- damage by parasites, 
- pesticides, herbicides and fungicides. 
Research programmes concentrated on yield, adaptibility and resistance to 
parasites (Mounter, 1961; Kajimo, 1969; Salmon, 1977; Zam-Can, 1979, 1980 a, b; 
Moono, 1980; NIRS, 1980; De Milliano, 1981; Toogood, 1981). Results of research 
in wheat agronomy and breeding are discussed in Chapters 6, 7 and 8. 

In the period 1954 to 1965, wheat research included all major cropping 
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methods of wheat. It took place in all provinces (26 stations) and included 
research on specific soils such as the heavy black clays and seepage soils 
(Kajimo, 1969). Irrigated wheat was considered the most satisfactory cropping 
method. Mounter (1961) suggested that problems in rainfed wheat could in the 
long run be overcome to a great extent. 

From 1965 to 1972, virtually no wheat research was done. In 1972, it was 
taken up again, using small quantities of mostly new, introduced genotypes. 
Wheat had a low priority because: 
- irrigation means were limiting, 
- wheat was not considered as suitable a crop for traditional and emergent 

farmers compared, for example, with oil-seed crops. 
The general opinion was that wheat should be confined to areas within 100 km of 
the railway line, and to areas where water was available. It was also thought 
that small scale production could alleviate, but not satisfy the Zamblan 
requirements (Duff, 1972). 

Until 1976, emphasis was or. irrigated wheat; no research was conducted 
in provinces lacking railway services, such as the Western, North Western and 
Eastern Provinces. Results of rainfed wheat research and development were 
anticipated in the medium rather than short term. The assumption that wheat 
yields could surpass the break-even yields seemed dubious to some observers 
(Lombard and Tweedie, 1974). Although production during the DS expanded to some 
extent (Table 2.2), it was limited by irrigation means. 

In 1976, further development of rainfed wheat was considered desirable 
(McPhillips, 1976). With support from the Zambia-Canada wheat development 
project (Zam-Can), which started operations in November 1975 (Salmon, 1977), 
rainfed wheat production was attempted at several locations between Livingstone 
(in the south) and Mbala (in the north). Attention was focussed mainly on highly 
mechanized, high input wheat production. In the HRBP, low input wheat production 
was also receiving attention (NIRS, 1980; De Milliano, 1981). In 1979, research 
into low input wheat production (seepage and dambo wheat) was taken up at Kalabo 
(Offergelt and De Milliano, 1979). In 1981, teams began to collect information 
on farming systems in various provinces and on performance of 'on farm trials'. 
The overall objective of these so called Adaptive Research and Planning Teams is 
to produce recommendations relevant to all farmers. Only in the Luapula, North 
Western and Eastern Provinces few or no wheat trials were performed from 
1976 to 1981. 

2.4.3. Breeding 

From 1954 to 1965, breeding involved crossing and evaluation of off-spring and 
genotypes; from 1965 to 1976, only evaluation of genotypes. Since 1976, 
crossings were also made by a number of breeders: De Milliano, 1976 to 1979; 
Salmon, 1977; McBean, 1979 and 1980; Raemaekers, since 1981; and Groot, 1982. 
With the exception of De Milliano and Groot, both of the HRBP, breeders aimed 
at developing complete resistance to various individual parasites. Except in the 
HRBP, the pedigree method of breeding was employed; several generations of wheat 
were grown per year. Most breeders did not study the effect of season on various 
off-spring generations. In order to obtain an F2 quickly, the Fl was even 
multiplied in an off-season (Table 2.5). Artificial screening for agronomic 
characteristics and rusts generally began in the F3. 

Certified seed production is under supervision of the Seed Service of 
the Department of Agriculture. Distribution and marketing of certified seed is 
undertaken by the National Agricultural Marketing Board. 
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Table 2.5. Breeding scenario after McBean (1981). 

Generation Year Period Cropping method Activity 

P 1 May - Sep irrigated crossing 
Fl 1 Sep - Dec partly irrigated multiplication at 1 location 
F2 2 Jan - Apr rainfed multiplication at 2 locations 
F3 2 May - Sep irrigated selection 
F4 3 Jan - Apr rainfed selection 

Ter Horst (1981) stimulated discussions among plant breeders on their 
contributions to traditional farmers. He suggested that the most promising 
fields of research are those requiring little or no extra inputs in view of the 
traditional farmers' limited possibilities for cash and labour inputs. He stated 
that breeding is such a field of research and that seed improvement by means of 
breeding may be beneficial to traditional farmers. 

2.5. Research stations 

2.5.1. Location 

The location of the 3 stations where HRBP trials were conducted are indicated 
in Figure 2.1 and Table 2.6. The head office of the project was at the National 
Irrigation Research Station (NIRS), in the Southern Province, at the village 
Nanga, 25 km east of the town of Mazabuka and 1 km south of the Kafue river. 

Table 2.6. Location of 3 stations with HRBP trials after 
Aeppli (1977 a ) , Spaargaren (1969) and Sli6rdal (1978), respectively. 

Station 

NIRS, Nanga 
GV, Golden Valley 
MB, Zam-Can Farm 

Latitude 

15 45' S 
14 53' S 

9 2' S 

Longitude 

27 56' E 
28 28' E 
31 22' E 

Altitude (m) 

985 
1125 
1685 

Since 1979, work was also done at Golden Valley Farm (GV) and at the Zam-Can 
Farm (MB), also known by the name Katito Wheat Scheme. GV is located in the 
Central Province, about 50 km north-west of Lusaka, east of the Wanga river. 
MB, the farm used by Zam-Can, is in the Northern Province, 22 km south of Mbala 
township, on the Mbala-Kawambwa plateau, with the Lungu stream to the west and 
the Lunzua stream to the south. 

2.5.2. Soils 

At NIRS, the soil on which the HRBP trials were conducted belonged to Mazabuka 
and Nakambala series (Aeppli, 1977 a). Soils of the Mazabuka series were medium 
deep to deep (50 cm and deeper), well drained, dusky red to reddish brown clays 
to sandy clay loams, occasionally with a sandy clay loam top layer. Soils of the 
Nakambala series were medium deep to deep, well to moderately well drained, 
reddish brown clays, occasionally with a sandy clay loam topsoil. The terrains 
were flat or gently sloping ( < 1%) and were suitable to very suitable for 
irrigation. Water storage capacity in top 100 cm soil of the various soils was 
120 to 150 mm. The soils had a high fertility and were suitable for wheat and 
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a wide range of crops. The Nakambala series makes higher demands on the 
management as a proper field preparation is possible only within a rather narrow 
range of soil moisture. 

At GV the soil was a Makeni clay loam (Spaargaren, 1969), a deep soil 
( > 160 cm) with dark reddish brown to very dark grey clay surface horizon. 
The subsoil was a reddish brown to yellowish red clay with a moderate grade of 
structure, and was well drained. The pH in the top 60 cm was 4.8 to 5.7, and 
below 60 cm 5.7 to 6.6. The soil had a high fertility and was suitable for wheat 
and a wide range of crops. With good management and proper fertilization high 
yields could be expected. Because of the high clay and silt content of the 
surface soil, the soil will tend to compact if mismanaged. 

At MB the most commonly used soils were the Konkola clay and sandy clay 
(Sl)6rdal, 1978). These soils were deep ( > 160 cm), well drained. The terrain 
was flat to very gently sloping ( < 1%). The top 10 cm was a dusky red sandy 
clay to clay. From 10 to 20 or 30 cm there was a dark reddish brown sandy clay 
to clay and from 20 or 30 cm to 160 cm a sandy clay. Before liming, the pH of 
the topsoil was 4.3 to 4.9 and the fertility was moderate to low. For most 
crops, including wheat, the soils had less favourable physical or chemical 
characteristics or were only moderately responsive to good management. Wheat and 
crop production can only be maintained by good farmers using proper fertilizers 
and lime, a suitable rotation and soil conservation practices. 

The soils at NIRS and GV, on which the HRBP trials were performed, belong 
to the agricultural suitability class A (Table 2.1). Many of the emergent and 
large scale farmers farm on this type of soils. At MB, the soils belong to the 
northern ferrallitic soils, soil suitability class B. Soils of this soil class 
cover some 40% of the total area of Zambia. They occur in the North Western, 
Western, Copperbelt, Luapula and Northern Provinces. Few of the emergent and 
large scale farmers farm on these soils. 

2.5.3. Weather 

Since 1958, there has been a meteorological station at Nanga, under supervision 
of the Meteorological Department in Lusaka. Data for the periods ending December 
1970 are given in Figure 2.2. Originally the station was set up in the Kafue 
polder, and was known as the Kafue Polder Station. In 1974, when a dam was 
constructed across the Kafue River, the polder was flooded and the station moved 
to a new site within the present boundaries of NIRS. The new meteorological 
station is still incorrectly referred to as Kafue Polder. The transfer of the 
station should be kept in mind when recent climatological data are compared with 
old records. FAO (1968) gives details about rainfall and hydrology of the Kafue 
River Basin, in which NIRS is situated. From 1975 to 1980, one season occurred 
with a high annual rainfall (1977-78 RS) and one season (1976-77 RS) with a very 
low rainfall (Figure 2.4). In 1975, 1976 and 1978, the relative humidity was 
high in April and May. 

At GV there is no meteorological station and the nearest stations are: 
Lusaka City Airport, which is no longer used, but gives data for 1941 through 
1966 (Figure 2.2); Lusaka International Airport, with data from 1967; and Kabwe 
which has been in use since 1944. Rainfall was recorded at GV from 1975 until 
May 1979 (Figure 2.4). 

The official meteorological station nearest to Zam-Can Farm is at Mbala, 
where data has been collected since 1951 (Figure 2.2). The Borna meteorological 
station at Mbala is no longer in use, but data are available for the period 
1941 to 1950. Data from Mbala for the period 1969 to 1978 are reported by 
Sl(6rdal (1978). At the Zam-Can Farm, the rainfall has been recorded since 
January 1979 (Figure 2.4; Zam-Can, 1979, 1980 a, 1981). 
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Figure 2.4. Rainfall and rainfall duration at locations with HRBP trials. 
Columns - monthly rainfall in mm. 
Roman figures - total annual rainfall in mm. 
Italic figures - rainfall duration in days. 
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2.6. Conclusions 

- Wheat can be produced in Zambia, but break-even yields can not be obtained 
throughout the country. Soils, climate and relief are of importance for yield. 

- Actual and maximum yields have been increasing for all major cropping methods 
of wheat since 1954. 

- In general, technical solutions can be found for most of the problems 
associated with irrigated wheat. Other cropping methods present problems which 
may be difficult to solve. 

- Increased wheat production in both the rainy season and the irrigation season 
seems feasible. Conditions (soil, human) seem to be present for an expansion 
of wheat production, particularly near the railways and in the North Western 
and Eastern Provinces. 

- Wheat can be produced by all categories of farmers. The question of which 
categories of farmers should be encouraged to produce wheat remains 
unanswered. 
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3. MATERIALS AND METHODS 

A wheat improvement programme was initiated and developed using local facilities 
(finance, personnel, infrastructure). The materials and methods used, with the 
exception of those related to breeding (Chapter 7 ) , are described in this 
Chapter. The objectives of the HRBP were new, but working conditions were not 
always modern. The materials and methods applied were the result of a process 
of development, based on local working conditions and local requirements 
(farmers, input levels). A similar programme elsewhere would inevitably require 
modifications in materials and methods, when work conditions and breeding 
objectives differ. This Chapter discusses agricultural practices (Section 3.2), 
diseases and pests and crop protection (Section 3.3), collection of agronomic 
data (Section 3.4), pest and disease assessment (Section 3.5), reference 
cultivars (Section 3.6), design of trials (Section 3.7), and data processing 
and analysis (Section 3.8). Some diseases and pests mentioned in this Chapter 
were of minor importance in Zambia during the period covered by this report. 

3.1. Seed material 

Cultivars and lines. The term cultivar is used in accordance with the 
International Code of Nomenclature for Cultivated Plants (1980), "it denotes an 
assemblage of cultivated plants which is clearly distinguished by any characters 
(morphological, physiological, cytological, chemical, or others) and which, when 
reproduced (sexually or asexually) retains its distinguished characters". 
The term line refers to descendants through self fertilization of a single plant 
obtained by at least 5 generations of selfing. All members of a pure line 
(7 generations of selfing) are of the same genotype and are homozygous within 
the limits set by the probability of new gene mutations (Liegler, 1976). 
No information about the percentage of cross-fertilization in wheat in Zambia 
was available. A hundred per cent self-fertilization was assumed. 

There were 2 parent Groups; Group 1, composed in the 1976 IS, had 22 
entries and Group 2, added in the 1977 IS to increase the total number of 
entries of the gene pool, had 12 entries. The entries with short names, such 
as Zambesi I and Condor, were commercial cultivars. Entries with names such as 
CNO'S'-Gallox... were lines grown only by breeders and agricultural institutes. 

To study yields (Chapters 6 and 8) and resistance to diseases and pests of 
the newly bred material in relation to parent and foreign material (Chapters 4, 
5, 6 and 8 ) , 4 commercial reference cultivars (REFCVs) were selected, 3 parent 
cultivars and Jupateco 73 (Section 3.6). 

The names of the cultivars and lines have been abbreviated to 3 letters, 
often the first 3 letters of the name (List of abbreviations and symbols). This 
cultivar code was used for the registration of material in trials, in the field, 
and in computer processing. Administration of the seed material also included 
codes for: trial, entries, seed origin, seed storage, breeding scenario, sifting 
and selection. 

Breeding scenario and generations. The breeding scenario (Section 7.7) is 
recorded using a set of letters which indicate the type of generation produced 
during a certain season. The breeding scenario is composed of the letters: 
C for crossing generation; S or G for selfing generations; and 0 for not grown. 
A selfing generation between 2 crossing generations is indicated by S. The first 
selfing generation after a crossing generation produced with the intention of 
creating lines is called the Gl. The generation index increases by one after 
every selfing. Thus in the second season of selfing after the last cross the 
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G2 seed is sown, and the next season the G3 seed, and so on. 

Entry identification. Each cultivar, line, segregating population, or mixture 
used in a trial is called an entry. There were rarely more than 32 entries in 
a performance trial, and never more than 160 entries. 

Seed origin. Entries in a performance trial were usuallly from one location 
only. The seed origin code, i.e. the series of letters indicating locations 
where the seed of a particular entry had been produced and one letter for 
each cropping season, was used to select entries produced at the same location. 

Sifting and selection. Sifting was usually done just before sowing, using a 
sieve with triangular openings with sides of 4.5 mm, and only the largest seeds 
were retained. From 1979, a sieve was used with openings with a width of 3 mm. 
Threshed grain of unselected as well as selected heads was sifted. 

Seed storage. If no control measures are taken, insects (Subsection 3.3.5) 
attack grain stored in paper as well as in plastic bags. As a result of 
temporary shortages of paper bags, grain was sometimes stored in plastic bags. 
These plastic bags favoured the development of fungi and several samples became 
mouldy and unsuitable for further use. Total spoilage of seed samples occurred, 
especially in grain which was moist because of early harvesting or late 
ripening; in grain in which green weeds, especially Amaranthus spp., were 
present; and in grain which was infested by storage insects. Total spoilage 
of seed stored in paper bags rarely occurred. 

Seed harvested at the end of the RS and sown in the following IS suffered 
very little insect damage, because time was too short for insects to attack the 
seed severely. Seed harvested at the end of the IS had to be stored for several 
months until the next sowing and thus it was subject to insect damage. 

Seed attacked by storage insects and fungi. Seed severely attacked by storage 
fungi was not sown in performance trials because its capacity to germinate was 
reduced. Seed severely attacked by storage insects, provided it had not become 
too mouldy, could generally still germinate to a certain extent and was sown 
for selection purposes. 

3.2. Agricultural practices 

3.2.1. Blocks and cropping methods 

HRBP trials were performed in 8 blocks (Subsection 3.2.2) differing in cropping 
methods and soils. All crossing and part of the selection was done in the 
breeding block (BB) at NIRS. Selection was also done in the selection blocks 
(SBs) at NIRS, GV and MB. 

The breeding block (BB) in the south-east corner of NIRS sloped upwards to 
the north and consisted of soils of the Mazabuka series. The southern part of 
the BB consisted of a sandy loam, and the northern part of a sandy clay loam. 
Selection block 1 (SB1) consisted of soils of the Nakambala series and included 
soils which were medium deep, 50 to 100 cm. In the BB several crops were grown, 
including horticultural crops, maize and sunhemp. Since 1976, wheat was 
virtually the only crop and it was grown as a single as well as a sequential 
crop. The largest part of SB2 consisted of soils of the Mazabuka series; soils 
of the western part belonged to the Nakambala series. SB3 consisted of soils of 
the Mazabuka series. In the southern part, the soil was a deep sandy loam 
whereas in the northern part it was a deep sandy clay loam. Water from the Kafue 
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