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Propositions

1. Mixed cropping of barley and wheat increases yield stability compared to
barley or wheat sole crops.
(this thesis}

2. The yield advantage of barley and wheat mixtures over their sole crops is
due to niche differentiation, caused by differences in crop phenclogy and
growth,

(this thesis)

3. Mixed cropping can play a major role in the on-farm conservation of
biodiversity.

4. In hanfetz, barley shows greater competitive ability than wheat; intra-
spectfic competition is stronger than inter-specific competition for barley.

5. In subsistence farming, the main function of diversity of landraces is its
buffering capacity against stress.

6. Where there’s sweet, there’s always bitter.
7. The man who removes a mountain begins by carrying away small stones.

8.  Everything should be made as simple as possible, but not simpler.
{Albert Einstein)

Proi:ositions belonging to the PhD thesis of Woldeamlak A.
Mixed cropping of barley (Hordewm vulgare) and wheat (Triticum aestivum)
landraces in the central highlands of Eritrea.

Wageningen, 23 January 2001.



Abstract

A common cropping system in the central highlands of Eritrea is mixed cropping
of barley (Hordeum vulgare) and wheat {Triticum aestivum), it is called hanfetz
(Tigrigna word). Mixtures may give higher vield, better yield stability, better food
quality and more animal feed. Factors affecting the productivity of mixtures
include genotype combination, crop density and component crop ratio.

Grain yields differed significantly among genotype combinations in certain
years. A combination of Ardu 12/60 + Kenya + Mana gave high mean grain yield
(2009 kg ha™') and a relative yield advantage (RYT = 1.57) of 57% increase in
grain vield over the sole crops. Harvest index, biomass, stand cover and thousand
grain weight were well correlated with yield. Wheat plants were first suppressed
by barley burt later on grew taller than barley. The potential yield increase for
mixtures over barley sole cropping may be associated with the relative height and
higher light use (efficiency). Some genotype combinations also showed
reasonable yield and resistance to stress with a drought susceptibility index < 1
such as IAR 485 + Mana (DS8I=0.5635).

Crop ratios of 100/50 (2275 kg ha™") and 100/25 (2241 kg ha™!) were the
best in grain yield when averaged over the three basic crop densities (100% =
{00, 200 and 300 plants m™) and years. Barley showed greater competitive
ability than wheat. For barley the intra-specific competition was more important
than the inter-specific competition, In such studies, yield advantage can be gither
due to the density effect or complementary use of resources. The drawback of the
additive design is that yield advantage may be partly due to increased density.
However, niche differentiation showed that mixtures shared resources efficiently
and the yield advantage was the result of complementary use of resources. [n the
study under drought stress, an additive ratio (higher density) did not result in
higher total yield compared to that in replacement series. The niche
differentiation in both years under drought stress also showed that the yield
advantage was due to complementary use of resources among the crop species.

Stability analysis of barley and wheat mixtures on yield data from a large
set of experiments showed that mixed cropping was significantly more stable
than barley and wheat sole cropping. Some of the genotype combinations such as
Ardu 12/60 + Kenya + Mana and Ardu 12/60 + Mana were more stable than
others.

The most promising genotype combinations and crop ratios obtained from
this study have to be verified on farm and demonstrated to farmers before the
technology is released for use.

Key words: mixed cropping, genotype combinations, growth, light use efficiency,
density, crop ratio, additive series, replacement series, drought stress, yield
advantage, yield stability, competition, niche differentiation, barley, wheat.
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General introduction

Overview of the agricultural systems in Eritrea, background of the
project and justification



General introduction

Eritrea

Eritrea is described below in terms of climate, soil, land use, water resouices,
agro-ecological zones, food production, production constraints and possible
solutions.

Geographical location and climate

Eritrea is located in the Homn of Africa; it borders in the north to the Red Sea, in
the south east to Djibouti, in the south to Ethiopia and in the west to Sudan.

The climate of Eritrea ranges from hot arid, adjacent to the Red Sea, to
temperate sub-humid in isolated micro-catchments in the eastern escarpment. The
mean annual temperature ranges from less than 19 °C in the highlands to more
than 30 °C in the coastal areas. The Central Highlands Zone enjoys a cool semi-
arid climate with lowest temperature occurring during December and January.
The western lowlands of the country are relatively hot especially between April
and June with temperatures up to 40 °C. The coastal areas have the highest
temperatures of 25—40 °C between June and August. There are large temperature
differences between day and night in the lowlands.

There are two rainy seasons namely the short rainy season, which is from
March to April and the main rainy season from the end of June until the
beginning of September. The total annual rainfall varies from less than 200 mm
to more than 700 mm. There are even areas receiving higher rainfall above 1000
mm like the Green Belt Zone. These areas are located in the high elevated regions
of the eastern escarpment of the central highlands. The coastal plains receive a
small amount of rainfall below 150 mm per vear. The rainy period for the
northern coastal strip is from December to February (FAQ, 1994).

The problem of inadequate total rainfall in some vears is compounded by
the variability in both total annual rainfall and its distribution. The intensity is
also high in some years. This situation leads to stress periods affecting crop
production.

Soils

There is limited information on the soils of Eritrea and they are described here in
a generalised form (FAO, 1994; Azbaha et al., 1998).

Highlands

In the highlands, especially in the valleys, the soil is relatively deep, even though
there are large areas that have either shallow or very shallow soil with stones on
the surface. Such shallow soils are those where the top soil has been removed by
erosion. According to the FAO soil classification system the major soils in the
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highlands are the Cambisols, Fluvisols, Luvisols, Nitosols and Vertisols. The soil
reaction is mainly neutral to moderately alkaline. The organic matter content and
nitrogen are described as low to medium; phosphorus and potassium are
classified as low to high. Some of these soils are suitable for crop production
apart from the fact that the top soil has been removed by erosion.

Lowlands

In the lowlands, the organic matter content and nitrogen are low to medium like
in the highlands but the phosphorus is medium to high and potassivm low to
medivm, thus quite different from the highlands. According to the FAQ soil
classification system, the soil orders found (Chromic luvisols, Eutric cambisols,
Lithosols, Haplic xerosols} are different from those in the highlands. The soils are
suitable for arable farming except in some pockets of lands that have a problem
of salinity.

Coastal plains

The soils in the coastal plains are mainly characterised by the presence of sand
dunes and loess materials. In many parts the soil is deep. The soils are different
from those in the lowlands and the types are mostly Regosols or Lithosols. The
alluvial soils of the coastal plain zone are deposited by streams and rivers from
the highlands carrying enormous quantities of soil materials. The agricultural
lands are thus mainly alluvial (fertile) because of the introduction of deposited
soils together with irrigation water from rivers or streams. The soil reaction is
mainly alkaline. If water for irrigation is available these soils are suitable for crop
production. '

Western plains

The western plains have primarily alluvial materials deposited either by rain or
wind. There are also sand dunes accumulated in various places. The surface
texture is loamy sand to sandy loam; silt loam; clay loam to sandy clay loam. Clay
soills are also found in several pockets of the western plains. There is an increase
of soluble salt deposits in some areas. The soil reaction is moderate alkaline even
though there are areas, which are strong in alkalinity. The organic matter content
and nitrogen are low; phosphorus and potassium are medium to high. Apart from
the problem of salinity in some areas the soils are suitable for arable farming.

Land use

Out of the total area of 12,189,000 hectares of land only 3.42% is currently
cultivated under rainfed conditions. The area utilised for irrigation is only 0.18%
whereas the potential for immigation is close to 4.92% out of the total area. There is
still a potential for about 8.61% and 4.92% of the total area that can be utilised
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General introduction

under rainfed and irrigated conditions respectively. The land use categories and
the land area still to be utilised are shown in Table 1.1. This table shows the
potential for expanding agricultural production both in terms of livestock
(considering grassland areas) and crop production (Woldeamlak et al., 1994).

Water resources

There are potential drainage areas {which are the water source for rivers /
streams) that can be used as a source of water for irrigation. For example the
Mereb-Gash, Tekese-Setit and Anseba rivers that are seasonal but collect water
from enormous catchment areas. There are a number of seasonal streams that can
be used for irrigation. The ground water potential has not been systematically
studied. Still, there are various bore holes and wells used for drinking and
irrigation of mainly vegetables and fruits. The potential of bore holes and wells is
extensive in alluvial and colluvial sediments which cover large areas of the plains
of the central highlands, and south western lowlands zone. Small dams and
reservoirs existing in different parts of the country could provide water to small
scale irrigation schemes, which could be the source of substantial income from
sales of vegetables and fruits.

Agro-ecological zones

FAO (1994) has classified Eritrea into six agro-ecological zones namely the
Central Highland Zone (CHZ), Western Escarpment Zone (WEZ), South Western
Lowland Zone (SWLZ), Green Belt Zone (GBZ), Coastal Plain Zone (CPZ) and
North Western Lowlands Zone (NWLZ). The characteristics of selected potential

Table 1.1. Land resources in Eritrea 1998, The values in brackets are potential
areas that could be utilised. Forest / woodlands include natural forest lands,
plantations and woodlands.

Land use Area (‘000 ha) Percentage
Cultivated land rainfed 417 342
Irrigated land 22 0.18
Forest / woodlands 736 6.03
Browsing / Grazing lands 6,967 57.16
Barren land 4,047 33.21
Potential rainfed land (1,050} (8.61)
Potential irrigated land (600) (4.92)
Total 12,189 100

Source: Ministry of Agriculture (1998)
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zones are shown in Table 1.2. Most of the cultivated areas are found in the CHZ
and SWLZ. Together these two zones account for 80% of the agricultural
production. The Coastal Plain Zone is also one of the most important agricultural
areas in the lowlands which has a potential for crop production mainly through
irrigation.

Agricultural systems and crop production

Agriculture in Eritrea is the major occupation and source of income for about

80% of the population. Most people earn their living from arable farming,

livestock rearing and fisheries (FAO, 1994). Crop production is mainly

concentrated in the highlands (where 65% of the population lives) and in the

lowlands. In Eritrea, the agricultural sector is given priority in order

e to increase the level of food security;

e to generate employment and increase income for the rural population;

e to supply raw materials to domestic agro-industries;

s to earn foreign exchange through export of high-value agricultural and agro-
industrial products; and

¢ to protect and restore the environment.

Types of crops grown
Given the different altitudes and diverse agro-ecological conditions, a wide
variety of cereals and horticultural crops is grown in Eritrea. In the highlands,
typical crops are barley, taff (Tigrigna word for Eragrostis teff), wheat, oil seeds
and legumes. In the lowlands, the main crops are sorghum, pearl millet, maize,
sesame and groundnuts, and different types of fruits and vegetables (World Bank,
1992; CAAS, 1996). Out of the crops grown in Eritrea, sorghum is by far the
most important crop in terms of total area followed by pearl millet, barley and
taff. Maize and wheat are also among the important crops grown in the country.

Sesame is also important and is grown in the South-western lowlands.
Cotton is another classical crop that can be produced using irrigation. These are
high value crops both as a source of raw materials for industries and for export
that deserve further attention.

Rainfed crop production is most likely to remain the main stay of Eritrea’s
agriculture but the role of irrigation is essential for the production of high value
crops such as fruits and vegetables, cotton and sesame.

Level of production and yields

Statistics on total area cultivated and total production are approximate values
from crop sampling surveys done by the Ministry of Agriculture, Eritrea. They
are presented in Table 1.3.




General introduction

Table 1.2. Characteristics of selected potential zones in relation to climate and
production systems.

Zone Type Rainfall Altitude Main crops

of production system  mm m
Central Rainfed cereals / 400-700 > 1500 barley, wheat, maize,
Highland pulses based sorghum, finger millet
(CHZ) system taff and grain

legumes

South Western Crops/livestock >400 600-700 sorghum, pearl millet
Lowland mixed system, and sesame, fruits,
(SWLZ) small scale irrigated vegetables

horticultural system
Coastal Plain  Agropastoral spate <200 <600 to sorghum, maize,
(CPZ) irrigation, nomadic sea level pear] millet,
pastoralism vegetables

In general, the average yields of crops in the highlands are about 750 kg
ha™'. In the South western lowlands and coastal plains the yields reach on average
1,000 kg ha™'. Generally yields are low and the yield of sorghum is highest with a
mean of 1.04 t ha™’ followed by barley (0.99 t ha™) and hanfetz (Tigrigna word
for barley and wheat mixtures) with a yield of 0.94 t ha™. The total area and
production of crops in the different administrative zones and their production
potential are given in Table 1.4.

Fruits and vegetables

Fruits and vegetables, both fresh and in processed form, have traditionally been
part of Eritrean exports up to 1970s. This amounted to about 10% of the agro-
industrial exports in which sesame (38%), dried lentils (18%), hides and skins
and fish dominated. Exports were going to regional markets in Europe.
Vegetables grown are mainly tomatoes, onions, sweet peppers (> 30,000 tons
annually) and fruits include bananas, citrus, melons etc. (amounting to > 25,000
tons annually). The major problems in fruit and vegetable production are poor
marketing channels, infrastructure, storage facilities etc. (FAQ, 1994),

Food self sufficiency

In good years (i.e. years with above average rainfall (> 400 mm) and free from
pests), the degree of food self sufficiency in Eritrea ranges from 50 to 75% (FAQ,
1994). In 1991, only 10% of the national basic food needs was produced on
300,000 hectares of land (Appelton et al., 1992). In 1992, with heavy rain the
production and total food supply were significantly higher and approximately
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Table 1.4. Total area and production of crops grown by farmers in different
administrative regions in Eritrea 1999. Note that this is the latest information
available on crop area and production.

Administrative Total Total Yield
area area production

‘000ha % 000t % tha'
Southern 128.1 274 63.0 18.0 0.49
Centrai 278 59 26.0 7.4 0.93
Gash-Barka 215.1 459 179.2 51.1 0.83
Southern Red Sea 39.3 84 51.2 14.6 1.30
Anseba 58.1 12.4 314 9.0 0.54
Total 468.4 100 350.7 100 -

Source: Ministry of Agriculture (1998-1999).

Table 1.5. Estimates of the total area ('000 ha) and production (‘000 t) in Eritrea
over time.

Year Area Production Source

1975-86 239 188 Central Statistics Authority (1987)
1991 300 70 (10Y Appleton et al, (1992)

1992 327 262 (30-40) Ministry of Agriculture (1992)
1993-95 369 190 (25-30) Ministry of Agriculture (1996)
1998 497 468 (85-90) Ministry of Agriculture (1998)
1999 468 351 (60-65) Ministry of Agriculture (1999)

“Note: The figures in parenthesis are percentages of the total food needs covered.

30-40% of the basic food needs was covered (Woldeamlak et al., 1994).
However, in 1993-95 on average approximately 24—30% of the national food
needs was produced locally. During the past few years agricultural production has
increased. For example in the vear 1998, it was estimated that up to about
85-90% of the national food needs was produced by local agriculture (Table 1.5).

Farming practices

Land preparation is mostly carried out with the traditional steel tipped plough
drawn by a pair of oxen even though in some places camels are utilised for
ploughing.

Usually the land is ploughed two to three times depending on the crop
species and soil type. The frequency of ploughing for faff and fallowed land is
higher. The last ploughing is carried out to cover the seed after planting which is
done along the contour with a furrow for moisture conservation purpose. During
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the past 2-3 years machinery has been introduced into many potential farming
areas where extensive lands have been ploughed. Seed is broadcasted by hand
and chemical seed treatment or crop protection is not common. Chemical
fertiliser and farm yard manure are mostly applied to cash crops. Cow dung is
mainly dried as dung for fuel. Harvesting is by sickle and threshing is done by
oxen trampling or by beating the grain using a stick as is the case with sorghum.
Combine harvesters have been introduced to many potential areas during the past
few years. Crops are mainly stored in large clay pots with a cover or in bags if the
quantity is small. In hot areas, farmers store their products outside for aeration
and sun drying to protect them against insect or fungus infestation. Single plants
are selected by farmers from the field based on the physical characteristics of the
seed and kept separately as seed for the next planting.

Livestock plays an important integral part in a farm household but the
integration of livestock and crop production is not adequate. There are various
breeds of livestock that have potential for meat and milk production. Oxen are
used for dranght, donkeys for transport and sheep, goats and poulry mainly for
sale and domestic use. The lack of integration of livestock and crop production is
mainly because of inadequate animal feed in terms of amount and quality;
productivity and management of grassiands are poor.

Production constraints

Crop productivity has been low mainly due to drought stress, inappropriate crop
management practices, occurrence of crop pests and diseases, lack of adequate
farming technology and shortage of inputs. In some years, erratic rainfall is one
of the most important constraints affecting crop production, which results in yield
loss. The crop management practices are not adequate; inappropriate seeding rate
(either high or low), lack of weeding and inadequate seed bed preparations are
the most frequent errors. Insect pests attacking different crops also cause yield
reductions or sometimes even crop failure. Shortage of inputs such as seeds,
fertilisers, and crop protectants, and shortage of oxen for ploughing are major
constraints for agricultural development.
There are several measures that can be implemented in order to solve these
constraints. Some of them are:
& [mproved protection against pests;
s Identification, testing and distribution of improved varieties or good quality
landraces that are early maturing, high yielding, drought and pest resistance;
¢ Development of moisture conservation techniques such as the use of terraces
in crop lands, ridges and furrows;
s Stimulation of dry planting so that crops can use cven the first flush of rainfall
and optimum amount of seeding rate for higher produectivity; improved
weeding practices;
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e Enhancing cropping systems mainly intercropping / mixed cropping as a risk
aversion mechanism, and agroforestry practices;

e Increased distribution of input such as chemicals (insects and weed control),
seeds and fertilisers;

e Advancement of services such as machinery (ploughing and harvesting);
transfer of technology and training.

Out of the above measures we will concentrate on cropping systems like
mixed cropping. The common ones practised in Eritrea are wahrer (maize +
beans; sorghum + beans; sorghum + millet), sergen (white + red taff) and hanfetz
(barley and wheat mixtures). The statement of the problem will focus on barley
and wheat mixed cropping.

Description of the problem

Mixed cropping of barley (Hordeum vuigare) and wheat (Triticum aestivum) is
practised under rainfed conditions in the Central highlands of Eritrea. The mixed
cropping system has several advantages. Farmers can at least obtain a harvest of
barley (the most drought resistant crop) if the season is dry and get a higher yield
of both crops in mixtures if rainfall is normal. Mixtures show better resistance to
biotic and abiotic stresses in adverse years. In years of adequate rainfall, the sole
crop of barley does not make full use of the soil resources and of the potential
offered by the growing season. So mixed cropping may result in higher yield
stability and higher yield level as compared to sole cropping due to better
utilisation of soil resources. The barley sole crop also provides low quality bread
due to its low gluten content but when it is mixed with wheat the bread becomes
tasteful, nutritious and more palatable. The crop residue is used for animal feed.

The most important factors that affect the productivity of barley and wheat
mixed cropping in Eritrea are genotype combination, crop density, crop ratio and
water use. Farmers use diverse landraces in barley and wheat mixed cropping,
thus adding even more to the agro-biodiversity in the cropping system. The
landraces used in mixtures differ in maturity, morphological characters (leaf area,
plant height), drought resistance and yield potential. In some cases even mixtures
of landraces for one of the two component crops or for both component crops are
used. Farmers indicate that particular landraces or cultivars of barley and wheat
combine better than others. The crop ratio commonly used is 67% barley and
33% wheat even though sometimes a crop ratio of 50% barley and 50% wheat is
preferred. Additive crop combinations are not always desirable. Excessively
dense plant stands can lead to weaker plants and can create a more adverse micro-
environment.

There are very few scientific, analytical studies done on barley and wheat
mixtures in Eritrea or elsewhere in Africa. Mixed cropping of these two crop
species has not been addressed through appropriate field experimentation.
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Performance of landrace combinations in mixtures has not been evaluated;
optimum crop density and crop ratios have never been assessed; competition
effects, yield advantage and stability have not been quantified. This thesis aims at
filling this gap.

Objectives and hypotheses

Objectives

The objectives of the study are therefore:

To identify varietal combinations of barley and wheat that produce high
yields;

To study the effect of population densities and proportions of component
crops to optimise productivity of mixfures;

To study the effect of drought stress on barley and wheat mixtures, testing
various genotype combinations and component crop proportions so that the
best genotype mixtures, crop densities and crop ratios may be identified under
siress;

To quantify and analyse yield stability and vield advantage of the mixtures;
and

To quantify competition effects in mixtures using descriptive crop modelling.

The hypotheses to be proved are listed below:

Hypotheses

Mixed cropping is more stable than monocropping;

Mixed cropping of barley and wheat results in a yield advantage;

Specific genotype combinations give higher total yield than others under
certain growing conditions based on optimal niche differentiation of the
genotypes;

Specific densities and crop ratios give optimal yield advantage;

Specific crop ratios in additive series give more total biomass and grain yield
than those in the replacement series under rainfed conditions;

Barley is more competitive than wheat; niche differentiation in barley and
wheat mixtures is due to complementary use of resources over time;

Optimal genotype combinations and crop ratios depend on the sensitivity
towards and timing of stress.

Approach of the study

A diagnostic farming systems survey was conducted in 1996 concentrating on
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parts of Eritrea where mixed cropping is important. After the survey, field
experiments on genotype combinations, crop density and species proportions
were conducted at two locations, (Halhale and Mendefera, both in Eritrea), in the
rainy seasons of two years (1997 and 1998). Both research sites are south of
Asmara. Moreover, during the off-season (dry period), drought stress trials
including different genotype combinations and proportions of barley and wheat
mixtures were conducted at one location (Halhale Research Station) for two years
(1998 and 1999).

A brief description of the approaches used in this study is provided below.

Survey on mixed cropping of barley and wheat

A survey was performed using both a questionnaire and group discussions with
farmers. The importance of mixed cropping, advantages of mixed cropping,
farmers’ practice in mixed cropping, biodiversity in relation to mixed cropping
and constraints as well as future trends and research opportunities were
identified.

Genotype combinations in barley and wheat mixtures

Three experiments were conducted at two sites (Halhale and Mendefera} under
rainfed conditions for two seasons in 1997 and 1998 at Halhale and for one
season in 1997 at Mendefera. Four barley and wheat landraces (or mixtures of
landraces) were tested in all possible combinations with a total of 24 treatments
out of which 16 were mixtures and 8 were sole crops.

Evaluation of crop densities and ratio in additive and replacement series in
barley and wheat mixtures

Four experiments were done at two research sites (Halhale and Mendefera)
during 1997 and 1998. Three densities and eleven proportions were tested in both
additive and replacement series. A crop ratio of barley 67% / wheat 33%,
farmers’ practice, was included as a control.

Response of genotype combinations to drought stress in barley and wheat
mixtures

Two experiments were conducted at Halhale Research Station during the off-
seasons of 1998 and 1999 under irrigation. Halhale was taken as a site for such
studies because of the availability of water and irrigation facilities. Three drought
stress treatments and three genotypes of barley and of wheat in all possible
combinations (nine mixtures and six sole crops} were tested.

12
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Effect of drought stress on barley and wheat mixtures differing in crop
ratio

Two experiments were laid out at Halhale Research Station, during the off-
seasons of 1998 and 1999. Three drought stress treatments and eleven
proportions in both additive and replacement series were evaluated.

Outline of the thesis

The general introductory chapter provided the general information on Eritrea, the
background and justification of the experimental work, the outline of the
problem, objectives and hypotheses of the research programme, and the
approaches followed in the study.

In Chapter 2, the results of a diagnostic farming systems survey on bariey
and wheat mixtures (hanfetz) in the highlands of Eritrea are described. Several
aspects of mixed farming are covered, including its importance, the arguments for
mixed cropping, adaptation to stress conditions, production, uses of the crop and
its residues, farmers’ cultural practices, biodiversity in relation to the mixtures
and future trends.

The productivity of the varietal mixtures in terms of total grain yield and
total biomass is analysed in Chapter 3. Comparisons of sole cropping and mixed
cropping are also included. Optimal genotype combinations are identified. A
vield component analysis is carried out and the relationships of certain
components with grain yield and biomass yield in mixtures are analysed.

Chapter 4 describes some crop ecological or crop physiological parameters
related to growth and light use in barley and wheat mixtures. It explains the
growth or behaviour of the genotypes as a sole crop or in mixtures in terms of
leaf area, leaf area index, leaf area duration, and plant height. Moreover, it
compares the light interception and light use efficiency of the two crop species in
sole crop and in mixtures.

Relative yield advantage of mixtures in terms of biomass and grain yield
was also quantified using the relative yield total (RYT) in Chapter 5. The chapter
shows which varietal mixtures provide higher biomass or yield advantage relative
to iis sole crops. Competition relations as influenced by genotype combinations
are quantified and dealt with in this chapter. The competition functions addressed
include competition ratio and aggressivity values,

Chapter 6 covers the effect of drought stress on varietal mixtures. The
productivity of the mixtures in biomass and grain yield grown under three.
drought stress situations is described, In addition, yield components and yield
advantages in situations of drought stress are shown. A stress susceptibility index
is assessed and yield losses due to drought stress are quantified for grain yield.

In Chapter 7, the effects of crop density on barley and wheat mixtures
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under additive and replacement designs are shown. The density and crop ratio
that performs the best are identified. Yield advantage analyses based on land
equivalent ratio (LER) for the additive series and on relative yield total (RYT) for
replacement series are included. Niche differentiation and relative competitive
ability of the two species analysed by the hyperbolic regression model are also
part of this chapter.

In Chapter 8, the effect of drought stress under different additive and
replacement series is analysed. The chapter shows the best yielding proportions
under different irrigation regimes. The effects of crop ratio and drought stress on
yield components, relative vield advantage, yield loss, competition and niche
differentiation are also analysed.

Chapter 9 mainly deals with a yield stability test. It shows how mixed
cropping of bartey and wheat is stable and describes which genotype
combinations are more stable than others. The aspect of genotype X environment
interaction is also handled in this chapter. The stability performance of all the
treatments in the mixed cropping experiments (such as genotype combinations,
crop density and crop ratio both under rainfed and irrigation conditions) for the
two locations are all combined in this chapter.

Finally, the results of the entire research project are discussed and
summarised in a general discussion.
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Biodiverse mixed cropping system of barley (Hordeum vulgare)
and wheat (Triticum aestivum) landraces in the highlands of
Eritrea

Woldeamlak A. and P. C. Struik
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Farmer’s use of barley and wheat landraces in the Hanfetz mixed cropping system
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The conservation and development of plant genetic resources. Intermediate
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Abstract

Mixed cropping of barley (Hordeum vulgare) and wheat {Triticum aestivum) is
practised in the Central highlands of Eritrea. The grain yield is used for human
consumption in the form of bread, kernels may also be roasted or used for the
production of local beverages. The straw is used as animal feed. The mixtures are
grown in a wide range of soils in areas where the rainfall ranges from 400 to 600
mm and maximum temperature is 27 °C. The advantages of growing the mixtures
are higher total yield, better yield stability, better food quality, better animal feed
and resistance to pests. Farmers in Eritrea have optimised crop proportions,
landrace combinations and crop management of these mixtures of barley and
wheat. The crop ratio commonly used is barley 67% and wheat 33%. Some
landraces combine better than others and these combinations are most widely
grown. Farmers sow the mixtures from mid June to mid July. Harvesting is done
when barley is fully dried and when wheat becomes mature changing its canopy
colour. Farmers in Eritrea will continue to grow mixtures as long as agriculture is
characterised by low input and a high risk of drought. Mixed cropping can play a
significant role in on farm conservation of landraces. The cropping system also
provides a unique model for testing various relevant research questions relating to
functionality of diversity.

Key words: biodiversity, mixed cropping, barley, wheat, Eritrea

Introduction

Mixed cropping is common praclice in Africa, Asia and Latin America. It is
defined as growing two or more crops simultanecusly on the same land in the
same growing season with an irregular broadcasting or mixing within a row
(Andrews and Kassam, 1975; Chatterjee et al., 1993). A normal cropping system
in the Central Highlands of Eritrea is mixed cropping of barley (Hordeum
vulgare) and wheat (Triticum aestivum); it is called hanferz (Tigrigna word for
any product with different racial backgrounds). This is a unique cropping system
practised in very few locations in Africa but not elsewhere in the tropics. Other
types of mixed cropping practised by farmers in Eritrea include Wahrer, a
mixture of sorghum and pearl millet or sorghum and beans, and Sergen, a mixture
of white and red faff (Tigrigna word for Eragrostis teff).

Most mixed cropping systems contain a legume, because in those cases
there will be a clear benefit of mixing crops. In Eritrea, this is not always the
case, as the prevailing stresses will condition the choice for crop mixtures.
Andrews (1972) has mentioned that the benefits of mixed cropping can still be
realised by growing mixtures of cereals.
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The kernels from barley and wheat mixtures (kanfetz) are used for human
consurnption in the form of bread, locally known as kitcha, which is considered
tasteful and nutritious. The kernels may also be roasted into a consumable prod-
uct known as kolo. The kernels are also often used for the preparation of a local
beverage, sewa. The straw is used for feed for animals, including cattle, sheep
and goats.

This chapter analyses barley and wheat mixtures (hanfetz), making use of
(i) general information from literature; (ii) recent studies on Eritrean agriculture,
(iii} information from recent surveys (which are partly unpublished); and (iv) own
cxpertise with the system,

Production zones

Barley and wheat mixtures are mainly concentrated in the central highlands
{Figure 2.1) in a rainfed cereal/pulse based land use system with annual rainfall
ranging from 400 to 600 mm and in altitudes above 1500 m. The rainfall in July
and August is the highest with a mean monthly rainfall of 146 mm and 111 mm,
respectively (Figure 2.2A and B). The mixture is also produced in situations
where rainfall is inadequate and is erratic both in amount and distribution. The
potential evapotranspiration ranges between 1,300 and 1,800 mm per year. The
mean temperature is around 18 °C (range 7 to 27 °C).

The mixture is grown in a wide range of soil types. However, the most im-
portant soils where the mixture is grown, are the brown clay soils with adequate
water holding capacity. It is also grown in alluvial soils that are deposited on
river basins occurring in the valley. Vertisols (walaka) or black clay soils, which
are favourable especially during periods of lower rainfall because of their high
water holding capacity, are utilised for mixed cropping as well. During periods of
higher rainfall the sandy and non-stony soil types are suitable for growing the
mixtures.

Advantages of hanfetz

In general, there are several advantages of mixed cropping in terms of yield, yvield
stability, quality of diet, animal feed from crop residues and control of biotic and
abiotic stresses. In a number of surveys in Eritrea, farmers have indicated several
advantages with respect to the cultivation of barley and wheat mixtures, like
higher total yield, vield stability, preferred diet, animal feed, resistance to
diseases, insects and weeds. These advantages are described below.

Yield advantage

The entire crop yield of hanfetz is usually higher than for barley or wheat
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monoculture. In addition, the flour quantity per unit of harvested product is

higher than for a sole barley crop. Mixed cropping can result in a yield advantage

as crop mixtures may allow each individual crop to exploit available resources of

the niche to which it is adopted best. Mixtures may thus even yield nearly 50%

higher than their component averages (Reddy and Reddy, 1981; Willey, 1979).

This better exploitation of resources may be enhanced by mixing landraces or

genotypes as is the case for hanfetz. Factors contributing to this yield advantage

are:

¢ Better utilisation of soil borne resources by mixtures, due to niche
differentiation;

s Better lodging resistance of barley due to the support given by the more sturdy
wheat;

¢ Prolonged yielding ability since the ¢arly maturing batley may be overgrown
by the later and taller wheat, thus lengthening the duration of the presence of a
green canopy in the field;

¢ Better resistance of the mixture to drought and other (abiotic and biotic)
stresses.

Yield stability

The barley/wheat mixture is grown as an insurance against drought. If one
component crop fails or grows poorly, the other component makes use of the
additional space and resources and may (partly) compensate for potential yield
loss. This phenomenon depends on differences in either growth rate, duration of
the growth cycle, resistance against drought or in timing of sensitive develop-
mental stages. Barley is the most dependable cereal under extreme conditions of
drought, because its precocity provides a mechanism to escape or avoid drought.
It will also stand more frost or heat under semi-arid conditions.

However, a monoculture of barley provides low quality bread due to its
low gluten content. Moreover, in years of adequate rains, the monoculture of
barley does not make full use of the resources and potential offered by the
growing season, therefore its mixture with wheat may produce higher yield.

Crop mixtures are not always successful as they can reduce yield stability
if the component species are not complementary or if plant populations
(especially component crop’s proportions used) are not optimal.

Diet

Bread made out of the mixtures is preferable as it is more tasteful, palatable and
digestible than that made of barley alone.
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Animal feed

Crop residues are a major source of animal feed in Eritrea. The amount of straw
of the mixtures is larger than that of barley alone. Barley straw, however, is con-
sidered to be more palatable as livestock feed.

Discases, insect pests and weeds

The major diseases of the mixtures are fungal diseases (leaf spot, scald and rust).
Their severity depends on the rainfall. Main insect pests include aphids (barley
and wheat), barley fly (barley), army worm (barley and wheat), etc. About 60% of
farmers claim that the severity of disease and insect problems in the mixture is
lower than that in monocrops. This farmers’ report requires confirmation through
special field studies. Woll (1985) has also suggested that the disease and insect
resistance of mixtures is better. Midmore and Alcazar (1991) have shown that the
leaf miner population in potato to be lower in mixed cropping than in the mono-
cropping. The incidence of weeds, mainly wild oats, is also lower than in sole
cropping, probably because mixed cropping provides a more competitive
community of crop plants both in space and time as also suggested by Willey
(1979a,b).

Production of barley and wheat mixtures

The details of total area, production and yield from 1994 to 1999 is shown in
Figure 2.2C and D. In the period of 1994 until 1999, the mean area under barley
and wheat mixtures was slightly above 7,160 hectares. This corresponded to 28%
of the area under wheat and 16% of the area cultivated with barley (Table 2.1).
The total area culiivated depends on the onset of seasonal rains. If the rain starts
early, farmers plant maize and sorghum, if it starts late, wheat, barley or hanferz
will be sown. In the period 1994-99, the mean production reached around 6,200
tons annually. This is 30% and 14% of the production of wheat and barley
respectively. Due to poor rainfall only approximately 2,300 tons were produced
in 1995, During the year 1998, mixed cropping of barley and wheat was grown in
8,193 hectares of land with a total production of 8,992 tons. The annual area and
production in both 1998 and 1999 were higher than in previous yeass. Especially
in years with insufficient rainfall the production of mixtures was better than the
production of a single crop of wheat or barley. On average, yields per hectare of
hanferz are estimated as 20% and 11% higher than the yields of monocultures of
wheat and barley, respectively.
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Factors affecting production of hanfetz

In any mixed cropping system various factors affect the productivity including
genotype composition, crop density and component crop ratio, plant arrangement
and spacing, availability of water, relative sowing date of component crops, eic.
Qut of these factors only a few are relevant for this chapter. Sowing dates for the
component crops of barley and wheat mixtures are the same as the two crops are
sown simultaneously on the same date. The plant arrangement is not critical as ail
farmers use broadcasting of seed. The other factors listed affecting productivity
of barley and wheat mixtures are described below. They may contribute to in-
creasing the productivity of the mixtures in Eritrea. We describe them here in
general terms and in more detail later in this chapter.

Genotype composition

It is believed that some landraces in the mixtures combine better than others.
Selecting the right varietal mixtures offers a wide scope for yield improvement as
it does in sole cropping. The behaviour of mixed stands is not predictable from
the behaviour of components in pure stands. According to Willey (197%9a,b) a
genotype should minimise intercrop competition and maximise complementary
effects. These two demands, however, are not easy to comply with. The morpho-
logical characters of the varicties should stress their differential ability to exploit
their own ecological niche for higher yield (Schoonhoven and Almekinders,
1995).

At the same time the barley and wheat mixed cropping system can be
crucial for in situ conservation of biodiversity and genetic resources.

Crop ratio

Farmers in Eritrea use a ratio of 67% barley and 33% wheat and sometimes 50%
barley and 50% wheat in a replacement series. Additive ratios are not known in
practice. Determining the overall mixture densities and the relative ratio of com-
ponent crops and those of their genotypes is important in analysing the yield
advantages of mixtures (Willey and Osiru, 1972a,b; Willey, 1979a,b).

Availability of water

Water is the most important limiting soil factor in rainfed semi-arid regions
where mixed cropping is intensively practised. This is certainly also true in the
highlands of Eritrea. Francis and Stern (1987) indicate that crops compete better
for available water when their initial growth rate is fast, when they mature early
and when they have a large root system. On the other hand they need to be able to
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save enough water to complete their growth cycle and mature. It is not known
which mixtures are most productive under drought stress in Eritrea.

Genetic diversity and the mixtures

Landraces are still used extensively in subsistence agriculture in the tropics (van
Hoof, 1987) and are widely used in mixed cropping. Even mixtures of landraces
of the same species may be used. In barley and wheat mixtures, crop diversity is
used to the maximum, even though both component crops are self-pollinators.

There is a genetic wealth of crop germplasm of barley and wheat in Eritrea
(Table 2.2). The mixed cropping system (hanferz), may contribute to utilising and
maintaining the existing diversity. Over time farmers in Eritrea have evaluated
their mixtures and then composed the most favourable crop and landrace combi-
nation in the barley and wheat mixed cropping system. Farmers indicate that
particular landraces of barley and wheat combine well, whereas others do not. A
particular mixture of barley and wheat may be composed of for instance one
barley and one wheat landrace or one barley and two wheat landraces. Table 2.3
gives an illustration of some of the landraces used in the cropping system. The
cropping system in itself contributes to the maintenance of this functional diversity.

In subsistence farming stability in yield is more important than maximising
yield. Diversity of landraces acts as a buffer against drought and is considered
effective in order to obtain yield stability JCARDA, 1995). In general the land-
races used differ in maturity, drought resistance and yield potential. Within the
crop species of hanfetz, genotypic differences among landraces indeed exist; the
barley landrace, Yeha is early maturing {and thus drought avoiding) with high
incidence of lodging; Kuunto is late maturing but high vielding. Similarly in
wheat, Mana is early maturing as compared to other wheat genotypes whereas the
landrace [tay/Kenya is late maturing. So the landraces used in the mixtures differ
in maturity, drought resistance, yield potential and morphological characters
{Table 2.3 and Figure 2.3).

Table 2.1. Estimates of mean total area, production and yield per hectare of the
mixtures over the period 1994—99 in the highlands of Eritrea. The data estimates
are based on the annual crop production assessment of the Ministry of
Agriculture.

Mixture  Mixture % of wheat Mixture % of barley
Area 7.160ha  28% of wheat area 16% of barley area
Production 6,200t 30% of wheat production 14% of barley production
Yield 0.84 tha™ 20% > wheat monoculture 11% > barley monoculture

Source: Ministry of Agriculture (1994--1999)
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Table 2.2. Diversity of crop species in Eritrea.

High diversity Medium diversity

Taff (Eragrostis teff) Grasspea (Lathyrus sativus)
Wheat (Triticum aestivum) Chickpea (Cicer arientinum)
Barley (Hordeum vulgare) Field pea (Pisum sativum)
Sorghum (Sorghum bicolor) Finger milllet (Eleusine coracana)
Low diversity Traces of diversity

Lentil (Lens esculenta) Coffee (Coffee arabica)

Source: Melak (1975) and Melaku (1988)

Table 2.3. Landraces used in barley and wheat mixtures.

Crop  Landrace Characteristics

Barley Yeha Early maturing, drought tolerant, two rows, white seeds, I
frost tolerant
Kuunto Late maturing, less drought tolerant, six rows, high
yielding
Wheat Itay/Kenya Late maturing, no awns, white seeds, high yielding
Mana Early maturing, tall, white seeds
Russo Late maturing, long awns, flat heads, big seeds, high

yielding, susceptible to rust

Table 2.4, Comparison of seeding rates and fertiliser rates (kg ha™") for barley,
wheat and mixtures.

Crop Seeding rate (kg ha™) Fertiliser rate (kg ha'l)
Range Mean Mean

Wheat 80-200 120 76

Barley 160-280 200 92

Mixture 80-250 180 35

Cultural practices of the mixtures
Seed bed preparations
Basic cultivation is carried out with a wooden plough drawn by a pair of oxen.

Ploughing is done three times for wheat and barley mixtures. The first ploughing
is done in Januvary after harvesting and the second one in May in order to
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eliminate some weeds that appear in the field. The third ploughing is done after
sowing to cover the seed. When the land is left fallow for some years even 4-5
times ploughing may be required in order to avoid clods and to make the seed bed
fine. The seed bed preparation is not much different from that practised in barley
and wheat monocropping,.

Sowing

The mixture is sown from mid June to mid July. Sorghum is sown earlier and if
the rains are late or if sorghum fails to germinate it is replaced by either barley,
wheat or mixtures. The seed is usually broadcasted by hand; row planting is not
common.

Seeding rate

Farmers traditionally use a seeding rate for barley ranging from 160-280 kg ha™
with a mean of 200 kg ha ', this can be considered as high. A relatively high
seeding rale is used in order to get good stand to complete with weeds and to
obtain high grain and straw yields.

The seeding rate for wheat used by farmers is relatively lower than for
barley due to the higher proportion of tillers that successfully produce spikes
(Table 2.4). The mixture requires a seeding rate from 80 to 250 kg ha™, the mean
being 180 kg ha™'. The amount of seed required for a mixed crop is lower than
that of a barley monocrop because of the inclusion of wheat in the mixtures and
farmers consider wheat to be stronger in tillering. The amount of seed provides a
good groundcover to compete with weeds and results in adequate numbers of
cars.

Fertilisers

Chemical fertilisers and farm yard manure are used in wheat and barley mixtures.
Depending on the economic status about 57% of the farmers apply fertilisers,
usually Di-Ammonium Phosphate (DAP) at the rate of 20 to 60 kg ha™ with a
mean rate of 35 kg ha™'. A comparison of the fertiliser rates for the mixture and
the other cereals is shown in Table 2.4, The fertiliser is broadcasted at sowing
and incorporated in the s0il with an oxen plough. Fertiliser application mainly
occurs in areas with black soil because its adequate water holding capacity will
enhance the use efficiency. Farm yard manure is not so often applied for barley
and mixtures as priority is given to vegetables; moreover the limited amounts of
animal waste available are often dried into a dung to be used for fuel, to solve the
problem of firewood scarcity in most of the highlands.
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Figure 2.3. Landraces of barley and wheat used for mixtures. In the figure from
left to right are barley landraces Yeha and Kuunto and wheat landraces Kenya,
Mana and Russo.

Rotation

The mixture of barley and wheat (hanfetz) is incorporated in various crop rotation
cycles such as

In the cereal-based system with a four vear cycle:
hanfetz >taff-> linseed—> barley or wheat > hanfetz

In the cereal/pulse-based system with a four year cycle:
hanferz > wheat <> fallow or pulses > pulses—> hanfetz

In the cereal/ pulse-based system with a five year cycle:
hanfetz=>» sorghum=> faff=> linseed = beans or fallow 2 hanfetz

The rotation cycle is based on the need to conserve moisture, to improve
soil fertility and to prevent soil erosion. Legumes in the rotation cycle contribute
to the soil fertility through symbiotic nitrogen fixation.

Harvesting, threshing and storage
Farmers harvest the crop mixtures with a sickle by cutting the stems close to the
groundlevel in order to maximise straw yield. The harvest period is from the end

of October to mid November. Harvesting 1s done when barley is fully dried and
when wheat becomes mature changing its canopy colour into yellowish. Farmers
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harvest early in the moming when it is humid in order to reduce shattering losses.
If maturity is not uniform in the field then harvesting is performed paichwise; the
mature patches are harvested and left to be threshed later when harvesting is
complete. The harvested material is piled for two weeks if it is moist until it has
lost moisture. It is threshed by trampling with oxen on a smoothed clay floor, it is
then winnowed by hand. Farmers store the seed in bulk using traditional facilities
made of earth mud. The sced to be used for the next planting is stored separately
in a bag or in the traditional earth mud. Farmers also buy seeds of wheat and
barley from the market and mix them in the ratio mentioned earlier.

Future trends

Farmers will continue to grow barley and wheat mixtures as long as the agricul-
ture is a low input one with a high risk of drought. It currently acts as an
emergency and an insurance crop and it is characterised by a relatively stable
vield under potentially disastrous conditions. When irrigation and fertiliser
become available, the advantage of the crop mixture in relation to yield and yield
stability becomes less significant. The environment will be controlled to a higher
degree and therefore become more uniform.

An increase in the market orientation of the production will favour mono-
cropping over mixed cropping. At present, the mixture is used for home
consumption; mixtures are rarely sold on the markets. When production levels
would increase, surpluses become available for commercialisation and surplus of
monocrop production may be fetching better prices. Mechanised harvesting
would also favour monocropping; differences in plant height and differentiated
maturity of the barley and wheat are disadvantageous in such a situation.

Maintaining the biological diversity of crop species is given much
attention in Eritrea. In the effort to conserve plant genetic resources in sitn
conservation has become a major strategy. Mixed cropping may play a major role
in on-farm conservation of landraces.

It may be concluded that the barley and wheat mixtures are well adopted to
low input agriculture in complex, diverse and risk-prone environments. The
mixed cropping will be replaced by monocropping of one of the component crops
as the level of inputs is increased and thus the environmental variation is reduced.
Therefore much attention in research concerns the agronomic background of the
cropping system to support and strengthen farmers’ management of landraces of
barley and wheat under mixed cropping.

Opportunities for research

Apart from the research on mixed cropping described in this thesis, the cropping
system provides a unique opportunity and model for testing other relevant
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