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ABSTRACT

Genotypic and Phenotypic Characterization of Maize Test Cross Hybrids Under Stressed
and Non Stressed Conditions. (December 2005)
Rosan Paterson Ganunga, B.Sc., University of Malawi; M.Sc., University of Zambia

Chair of Advisory Committee: Dr. Javier Betran

Drought and low soil nitrogen are major factors limiting maize production in Sub-
Saharan Africa. Genotypic and phenotypic characterization of maize testcross hybrids
developed from four biparental populations: CML441 x CML444, CML440 x COMPE,
CML444 x K64R and CML312 x NAW was conducted. The objectives were (a) to
evaluate the performance of F,3 line testcrosses across stressed and non-stress
conditions, (b) to estimate heritabilities for grain yield and secondary traits, (c) to assess
the relationship between testing environments, (d) to estimate genetic correlations
among relevant traits, (e) to estimate direct and indirect genetic gain from selection, and
(e) to have a preliminary assessment of the efficiency of marker-assisted selection.
Studies were conducted under no nitrogen fertilization, low nitrogen, drought, well-
watered and high nitrogen in Malawi and Zimbabwe. About 100 entries from each
population were tested using an alpha lattice design with two replications at all locations.
Traits measured were grain yield, plant height, anthesis date, anthesis-silking interval,

ears per plant, grain moisture at harvest and leaf senescence.

Highest grain yield across environments was obtained from population CML444 x K64R
(3.82 Mg ha™') and the lowest from CML440 x COMPE (3.64 Mg ha). Testcrosses
from CML441 x CML444 and CML444 x K64R had higher heritability estimates
compared to CML440 x COMPE and CML312 x NAW. Drought and high nitrogen
environments had higher heritability estimates than low nitrogen and well-watered
conditions. Drought and well-watered environments discriminated testcrosses in a

similar manner as well as high and low nitrogen environments. All populations had
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negative correlations between grain yield and anthesis silking interval, while positive
correlations were observed between grain yield and ears per plant. No consistent
differences were observed between overall means of best and worst marker based
selected line testcrosses across populations and environments. Highest direct expected
genetic gains were observed from high nitrogen environments. Direct selection under
specific environments (e.g. drought ) was estimated to be more beneficial than indirect

selection in other environments.
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CHAPTER |
INTRODUCTION

Maize (Zea mays, L.) is the first world’s staple cereal food crop. It is Africa’s second
most important food crop behind cassava. Per capita consumption of maize in Africa is
highest in Eastern and Southern Africa. Maize consumption in Kenya, Tanzania,
Malawi, Zambia, Zimbabwe and Swaziland averages over 100 kg per year (CIMMYT,
1990), giving maize a similar position in terms of dietary importance in those countries
to rice in Asia. Uses of maize are multiple: animal feeding, sweet corn (syrup), food uses
including fresh (green maize boiled), as a thick porridge using maize flour, tortillas,
making syrup and soft drinks (Nhlane, 1990; Smale, et al., 1994). Maize is grown almost
everywhere in the world because it is adapted to a wide range of environmental

conditions.

Maize production is limited by several factors including low soil fertility, little or no use
of inorganic fertilizers especially nitrogen, drought, use of unimproved traditional
varieties, pests and diseases. Maize production can be variable, for example, in Eastern
and Southern Africa, annual maize production averaged 16.2 million tons over the past
twenty years, barely resulting in food self-sufficiency. During the same period,
production levels fluctuated between 7.3 and 22.4 million tons in the same region
indicating how variable and uncertain maize production can be (Banziger et al., 2000).
In the Southern Africa Development Community (SADC) region, over one hundred
million people live in the rural areas, in large households that farm 0.5 to 3.0 hectares.
The average yield for maize grown in this region is 1.1 tons per hectare, but in drought-

affected years or on widespread, infertile areas farmers obtain less.

This dissertation follows the format and style of Crop Science.



Farmers are trapped in low-input, low risk, but low productivity systems because they
are trying to deal with an unstable climate, declining soil fertility, rising population

pressure, high input cost and poor credit systems (Banziger et al., 2000).

Drought is one of the key factors that limit the productivity of maize in most parts of the
world with Sub-Saharan Africa being the region that suffers from the greatest impact of
drought in the world. On average, drought reduces maize yield by 36% in the lowland
areas and 21% in subtropical areas, and affects about 23% of the total land area
(CIMMYT, 1988). Drought affects maize grain yield to some degree at almost all the
stages of crop growth. However, three stages i.e. early growth stage (when plant stand
are established), flowering and mid-to late grain filling stage are considered critically
sensitive stages for maize plant to drought. Among these stages, flowering is the most
susceptible (Claassen and Shaw, 1970). Extreme sensitivity seems to be confined to the
period minus two to twenty days after silking with a peak at seven days and almost
complete barrenness can occur if the maize is stressed in the interval from just before
tassel emergence to the beginning of grain fill (Grant et al., 1989). Maize is more
susceptible to drought at flowering than other rain fed crops because its female florets
develop virtually at the same time and are usually borne on a single ear on a stem.
Unlike other cereals, the male and female flowers in maize are separated by as much as
one meter, and pollen and fragile stigmatic tissue are exposed to a dry and hostile
atmosphere during pollination which limits pollination under drought. Drought at
flowering is known to reduce the capacity of developing kernels to use available
assimilates because the functioning of a key enzyme, acid invertase, is impaired
(Westgate, 1997). Drought also affects the rate of photosynthesis, resulting in reduced
supply of current assimilates. Since the developing silk is a weak sink, growth is delayed
leading to an increase in the anthesis-silking interval, and kernel and ear abortion
(Bolanos and Edmeades, 1996). However, once the kernels are in the linear phase of
biomass accumulation about two to three weeks after pollination, they develop the

capacity to access reserve assimilate in different plant parts and they normally grow at



least 30% of the weight of the kernels on unstressed plants, even though drought may

become more severe (Bolanos and Edmeades, 1996).

Drought induced yield losses can be substantial, and researchers have been attempting to
improve the tolerance of crops to limiting supplies of water for decades. Physiologists,
breeders, biochemists, agronomists, and molecular biologists have all used specific tools
from their disciplines to unravel the complexities of drought response. Their efforts
have resulted in increased knowledge of drought tolerance and genetic improvement for
stress tolerance. For the past decade, the International Maize and Wheat Improvement
Centre (CIMMYT) has conducted extensive research on screening and developing maize
genotypes for drought tolerance using conventional methods. This has been
accomplished by improving the locally adapted, elite germplasm for drought and low
nitrogen tolerance, improving non-adapted but drought and/or low nitrogen tolerant
populations for local adaptation, and formation of new breeding germplasm through
introgression (Banziger, et al., 2000). This work has been conducted at CIMMYT-
Mexico, CIMMYT-Zimbabwe and CIMMYT-Kenya. Some success has been achieved,
for example, CIMMYT-Zimbabwe recently released ZM421, ZM521 and ZM621 open
pollinated varieties (OPVs) which are tolerant to drought and are grown in Malawi,

South Africa, Tanzania and other countries in the SADC region (Banziger, 2002).

In addition to drought, low soil fertility, especially nitrogen, is another factor limiting
maize production in the tropics. Tropical soils themselves vary greatly, giving rise to
differences in moisture and nitrogen at a single site within the same year. In contrast to
drought, low nitrogen tolerance is a more predictable stress, since often one has prior
knowledge of the soil nitrogen status. Nitrogen status levels too can be more easily
adjusted through controlled fertilizer applications (Vasal et al., 1997). However, most
farmers in the Sub-Saharan Africa region use very little or no fertilizers at all because of

high price.



The development of drought and low nitrogen tolerant varieties requires appropriate
strategies. These range from the establishment of an appropriate selection environment,
like the establishment of off-season nurseries, ability to control water and fertility levels,
well trained personnel, and adequate equipment to evaluate parameters related to stress
tolerance (Edmeades et al.,, 1999). Although success has been accomplished using
phenotypic breeding for drought and low nitrogen tolerance, the approach is faced with
many challenges. Firstly, it is time consuming, laborious and expensive to screen and
develop germplasm. Due to the polygenic nature of genes associated with drought
tolerance, it is also difficult to introgress favorable genes for drought tolerance into one

line or cultivar.

Correlation measures the degree of association among traits and helps to ascertain the
degree to which these are associated with economic productivity. This correlation has
also implications in the magnitude of direct and indirect response to selection. The
causes of correlations can be genetic and/or environmental (Hallauer and Miranda,
1988). If genetic correlation exists, selection for one trait will cause changes in other
traits. This is called correlated response. Correlations between characters have three
main causes: pleiotrophy, genetic linkage and environment. Pleiotropic effects occur
when the same gene or genes condition the expression of correlated traits. The genetic
correlations arising from pleiotropy expresses the extent to which two characters are
expressed by the same genes. This type of correlation is common in populations which
have been randomly mated for a long time (Falconer, 1989). In contrast, linkage causes
transient correlations which have can be broken by recombination. Environmental
correlations reflect a similarity or dissimilarity in the response of a trait to a common
environment (Falconer, 1989). This exists because measurements of several traits are
taken from the same individual or from the same family. For example, a positive
environmental correlation is expected to occur between plant height and ear height in the
same plants because a microenvironment that favors plant height also favors ear height,

and vice versa (Hallauer and Miranda, 1988). Genetic correlation is also determined by



genetic linkage. Linkage in coupling causes positive correlation, while repulsion causes
negative correlation. The knowledge of the sign and magnitude of the correlation are
both important for the understanding of the relationship between a quantitative character
and the fitness in natural populations and for prediction of correlated responses to
selection in breeding programs (Falconer, 1989). Characters like grain yield have such
complex inheritance and are associated with several secondary traits (Stuber and Moll,
1996). For example, selection for grain yield under drought and low nitrogen has been
unsuccessful because of low heritability for this trait under these conditions and
recommended the use of secondary traits which are correlated with grain yield (Bolafios
and Edmeades, 1996). This means that the selection for one trait may cause an indirect
response in another trait. Genetic correlations are reported to be more useful if indirect
selection gives greater response than direct selection for the same trait (Hallauer and
Miranda, 1988). Phenotypic correlations between two traits are due to genetic and
environmental effects. If the heritability of the traits are low, the phenotypic correlation

1s due to environmental effects.

The effectiveness of selection also depends on the relative importance of genetic and non
genetic factors in the expression of phenotypic differences in a population which is
called heritability (Fehr, 1993). The heritability of a trait affects the method chosen for
population improvement. For example, traits with high heritabilities can be easily
improved with single plant selection and less evaluation, while those with low
heritabilities require family selection and wider testing (Hallauer and Miranda, 1988).
This shows that heritability estimates also determine the extent to which replicated
testing is required for selection to be effective. However, heritability estimates are not
always a constant value. Because they are affected by so many factors, they can be
controlled by the breeder in order to maximize genetic improvement with the available
resources. So, any precautions a breeder takes to control the experimental error, will
improve the heritability of a character (Fehr, 1993). These factors include the

environment where the population was tested, reference population used, sample of



genotypes evaluated, use of random samples, method of calculation be it on plot or
family basis, and the generation or progenies used because different progenies exploit
different proportions of additive and dominance variance components. For example,
heritability estimates for the same trait decrease depending on the family used in the

following order S, > S; > half-sib > full-sib (Hallauer and Miranda, 1988).

The development of molecular markers has contributed extensively to the understanding
of the genetic diversity of the maize genome, and facilitated the study of past selection
history, genetic drift, recombination, heritability, estimation of genetic relationships
between inbreds and the extent of haplotype sharing within diverse groups of maize
inbreds. The identification of quantitative trait loci (QTLs) uses both phenotypic and
genotypic data. Unfortunately, large numbers of genes will fall within the same
chromosomal segments where QTLs are located. The identification of key genes
responsible for drought tolerance would facilitate the potential of marker assisted
selection. Molecular tools can assist in selection in the following ways: (a) allow
selection outside the target environment, (b) reduce linkage drag during backcrossing,
(c) select transgressive segments, and (d) transfer genomic regions associated with a
quantitative trait to elite backgrounds. For the past decade, the International Maize and
Wheat Improvement Center (CIMMYT) has conducted mapping of QTLs for drought
tolerance in several populations. These mapping studies have allowed the identification
of QTLs consistent across mapping populations and environments (Ribaut et al., 2004).
Hence, it is possible to select genotypes based on the marker allele composition at these

QTLs. This constitutes the foundation of this dissertation.

Rationale and objectives

Drought, low nitrogen, pests and diseases, weeds (Striga) and low pH are common
problems that limit maize production in Africa. In an effort to solve these problems,

scientists in Aftrica established sites where they are screening and selecting against



different stresses (Fig.l). In this scenario, there are several issues that affect maize

improvement for stress tolerance:

> Genetic gain in plant breeding depends on the heritability of the target trait(s)

under the target environment.

> Little is known about heritability and correlations between grain yield and other

traits under drought and low N stress conditions.

> Estimating the relationship between optimal and stress environments will

facilitate breeding for tolerance and broad adaptation.

> Marker assisted selection (MAS) can assist breeders in selecting for stress

tolerance.

It is therefore important that African farmers should have varieties which are tolerant to
drought and low nitrogen because these are the conditions prevailing within their
farming environment. An enhanced knowledge about the issues listed above will

facilitate the development of these varieties. The objectives of this study were:

(a) To evaluate the performance of F; test crosses across stressed and optimal
conditions.

(b) To estimate heritabilities for grain yield and secondary traits.

(c) To assess the relationship between testing environments.

(d) To estimate genetic correlations among relevant traits.

(e) To estimate direct and indirect response to selection.

(f) Have a preliminary assessment of the efficiency of MAS.



Managed stress site

Drought
Low N
Low pH
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Source: Vivek, et al., 2004.

Fig. 1. Managed stress testing sites for drought, low N,

low pH, stem borers and Striga in Africa.



CHAPTER I
REVIEW OF LITERATURE

Maize in Africa

Maize was introduced in Africa by the Portuguese explorers in the beginning of the 16"
century (Reader, 1997). It has since become Africa’s second largest important crop after
cassava. Maize is grown over a wide range of environmental and geographical regions
ranging from lowland (Niger’s northern Sahel), mid-altitude and Ethiopia’s sub-tropical
highland environments to converted forest lands of Sierra Leone (Zaidi, 2004). The
popularity of maize as a food crop developed because of low labor requirement and ease
of processing compared to sorghum and millet which were common crops. In Southern
Africa, palatability is considered to be the major factor that contributed to the increase in

maize production.

Maize production in Africa is mostly done by poor resource smallholder farmers who
are characterized by fragmented small land holdings (3 ha or less) and low input
agriculture. In Eastern and Southern Africa alone (South Africa, Lesotho, Botswana,
Swaziland, Mauritius, Democratic Republic of Congo, Seycheles, Mocambique, Zambia,
Malawi, Tanzania, Angola, Kenya, Ethiopia, Rwanda, Uganda and Burundi) more than
250 million people derive their food and income from maize with an average yield of 1.1
metric tons per hectare (CIMMY T-Zimbabwe, 2000). In this region, rate of growth for
maize production has reduced from the 1980s to the 1990s (Table 1). This is probably
because Southern Africa is one of the most variable in terms of production as it faces a
lot of variability due to environmental conditions and limited resource use. From table
1, the general decline of maize production in Southern Africa from the 1980s to the
1990s is due to increased number of production constraints, including low soil fertility
and drought, little or no use of inorganic fertilizers, resurgence of new pests and
diseases. As a result, yield stability across seasons has not been achieved despite it being

a goal for most governments.
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Table 1. Rate of growth (%) of maize production in Africa per region.

Region 1970-1979 1980-1989 1990-1997
West Africa 2.2 154 2.3
East Africa 5.9 0.0 -1.6
Southern Africa 4.1 7.2 3.9
Africa 2.4 7.3 0.5

Source: FAO (1998).

Maize is consumed in multiple forms in different parts of the world. In Africa, maize
(mainly white grained) is the staple food crop for most of the countries. This means that
stable and sustainable yields must be maintained in order to achieve food self
sufficiency. However, this has not been achieved because population growth rate
exceeds food production, resulting in net food deficit. In most Southern African
countries, maize is mainly consumed as a thick porridge produced from maize flour
which is produced by hand pounding (usually preceded by soaking) or grinding in a
hammer mill, followed by boiling. It is also eaten fresh as a snack (boiled green maize).
This form of consumption fetches more income per unit area of maize compared to dried
grain. Despite this attraction, farmers mostly sell green maize grown from off season
production after they have harvested the dried grain from the main season. Dried maize
grain is either hand pounded or milled and used to prepare a soft porridge eaten for
breakfast, or a thick porridge eaten at lunch and diner. In countries like Malawi, Zambia,
Mozambique, Kenya, Tanzania, Zimbabwe and South Africa, maize is mostly hand
pounded in a mortar, soaked for at least three days, dried and milled to produce fine and
white maize flour which is used to prepare a thick porridge called nsima, mshima, nsima,
ugali, ugali, sadza and papa, respectively (same thing with different names). This is
eaten with relish (beans, vegetables, meat or fish). In Uganda the thick porridge is
wrapped in banana leaves and heated again before it is eaten. Where hand pounding is
common, households prefer those harder, flint-type varieties whose endosperm and
embryo can be milled together. In contrast, households and commercial grain milling
companies that mill their grain generally prefer dent varieties because flour extraction is

higher. Dry maize grain is also roasted and eaten as a snack or as pop corn.
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In West Africa, dry maize is processed to produce soft flour used to make porridge
which is mixed with milk and sugar. The flour is also mixed with water and steamed at
least three times to produce cous-cous which is eaten with sauce (beef, vegetables or
beans). Alternatively, the flour is boiled with water to produce a very thick porridge and

eaten with sauce (Karim Triori, personal communication).

In North Africa, e.g., Egypt, a maize flat bread called aish merahra is widely consumed.
This is made from a soft dough spiced by 5% fenugreek seeds, aimed to increase the
protein content and digestibility and increase the shelf life of the bread. Aish merahra
can easily keep fresh for seven to ten days. In almost all parts of Africa, maize is also
used for production of different types of beer, which are produced by germinating the
seed for several days followed by exposing the grain to the sun to stop the germination
process, then milling the germinated grain. In Malawi for example, the malt is cooked
and the extract is strained off, cooled and allowed to stand for three days for
fermentation to take place, after which the product is ready for consumption as beer

(FAO, 1989).

Problems with maize production in Africa

Most farmers in Africa produce higher maize yields per unit area than sorghum and
millet, possibly because maize is mostly grown in well-watered areas than the other
crops. However, Edmeades et al. (1992), reported that maize suffers more yield loss due
to moisture and nutrient stress than either sorghum or millet, resulting in maize a loss of
approximately 1.8 million tons per year in Eastern and Southern Africa alone.
CIMMYT, (1988) produced a list of potential constraints to maize production in Africa
that are outlined in Table 2.
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Table 2. Principal maize production constraints across agro-ecologies in Africa.

Contraint %Lowland tropical %Sub-tropical % Highland %Area
Drought 36 21 0 23
Striga 30 20 1 21
E.turcicum 21 35 100 40
H. maydis 56 1 0 28
P.sprghi 2 42 58 28
P.polysora 26 3 0 23
Maize streak virus 73 37 7 60
Buseola fusca 7 69 76 37
Weevils 20 41 38 20
Termites 12 15 0 19

Source: CIMMYT, 1988.

This list shows that maize streak virus is the most widespread maize disease in Africa,
affecting 60% of the continent’s maize growing areas and some Indian Ocean Islands.
This could be because viruses which spread easily cause this disease. Severe epidemics
of maize streak virus occur irregularly both in space and time, but it is common to find
infection scattered in most parts of the maize fields resulting in significant grain yield
losses (CIMMYT-Zimbabwe, 2000). The second problematic disease is the turcicum
leaf blight (produced by Helminthosporium turcicum) a fungal infection that affects
40% of the maize grown in Africa and affects almost all the maize grown in highland
areas. Yield losses of 40, 52 and 82% have been reported in Ethiopia, Uganda and
Kenya, respectively. Stem borers, especially Buseola fusca are more problematic in the
sub-tropical and highland areas and affect 37% of all the maize grown (CIMMYT,
1998). Southern Africa has also suffered from another outbreak of grey leaf spot
(Cercospora zea-maydis) since the mid 1990s. This disease has been reported to cause
major crop losses in Zimbabwe, Malawi, South Africa, Zambia, Swaziland and
Botswana. It is common in warm and humid regions. In susceptible varieties, severity
reaches 60 to 100% of plant to leaf coverage resulting in maize grain yield loss of up to
20 to 100%. Severe blighting also causes weakening of stems leading to lodging
(CIMMYT-Zimbabwe, 2000). Downey mildew has been reported to be a major disease

of maize in West Africa, Democratic Republic of Congo and Mozambique, while
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weevils and large grain borer remain the most devastating post harvest pests affecting

maize in storage (CIMMYT, 1990).

Maize breeding research in Sub-Saharan Africa

Most of the research on maize breeding in Sub-Saharan Africa is conducted or
coordinated by National Agricultural Research Systems (NARS) of the Ministry of
Agriculture. Collaboration by international research organizations like CIMMYT or
IITA with the national programs is also common. Research is mostly done on white

grained maize, although some small pockets of yellow maize are also grown.

During the early days of maize research, development of improved open pollinated
maize varieties was common using recurrent selection methods as described by
(Shull, 1908; Hallauer and Miranda,1988). Such varieties were preferred because farmers
would select seed from their field for the next cropping season. However, the yield
potential of these varieties was not high enough to justify the use of inorganic fertilizers
and create a profitable agricultural business and sustainable yields. These varieties were
also more susceptible to storage pests than the traditional maize varieties. Open
pollinated varieties also suffered from low uptake by the private sector for seed
production distribution because farmers would not buy the seed every year (Heisey et al.,
1998). Due to shortage of seed for these improved open pollinated varieties, most

farmers continued to grow their undeveloped local varieties.

Later, maize research focused on production of hybrid maize varieties to exploit
heterosis. Two types of hybrids have been developed depending on the processing needs
of the consumers. Both farmers who mill their maize and milling companies prefer dent
grained varieties, while farmers who use a hammer mill or pound in a mortar prefer
harder flint-grained maize varieties, because the extraction rates of the final products are

higher for each variety and processing technique. For example, breeders in Zimbabwe
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released a single cross hybrid called SR52 which yielded 46% more than local varieties
(Weinmann, 1975). This hybrid was widely adopted by most commercial and
smallholder farmers. In Malawi, the two flint grained three way hybrids (MH17 and
MHI18) that were released in 1990 to meet the processing needs of the farmers (hand
pounding) received wider adoption than the dent hybrids that were released previously
(Zambezi, 1997). Despite that hybrids are high yielding and widely promoted by the
private companies, the uptake and land grown to hybrid maize is below 20%, even after
sixty years hybrids were first introduced (Morris, 1998). The same author indicated that
about 63% of the maize grown in Africa is still unimproved or landrace. The low uptake
of hybrids is due to the high cost of hybrid seed and the need to buy the seed every year,
which most smallholder farmers cannot afford. In addition, hybrid production requires
use of high rates of inorganic fertilizers. However, due to the removal of subsidies on

fertilizer prices, most farmers are unable to purchase or use inorganic fertilizers.

Success stories about the wide adoption in Ghana of quality protein maize (QPM), which
is high in lysine and triptophan has resulted in work initiated to promote this type of
maize. CIMMYT-Zimbabwe through the Southern Africa Drought and Low Soil
Fertility Project (SADLF) in collaboration with national agricultural research systems
(NARS), non governmental organizations, local farmers, high school agricultural
teachers and agricultural extension agents are introducing these high protein maize
varieties (mostly OPVs) to the farming community. These high protein maize varieties
are aimed at helping to improve the nutritional levels of the local communities, which
are characterized by high rates of malnutrition through Mother/Baby Approach. In this
approach, experiments are set up within the farming communities, and farmers grow a
sub-set of the tested varieties so that they make better and educated choices when
deciding which varieties to buy from the market. The strength of this approach is that it
also helps breeders to understand the criteria farmers use in selecting varieties. ~ Other
common areas of research related to maize in Southern Africa are striga tolerance by

IITA, CIMMYT-Kenya and NARS (Malawi); stem borers (CIMMYT-Kenya); diseases
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(CIMMYT-Zimbabwe in collaboration with NARS), and drought and low nitrogen
tolerance (coordinated by CIMMYT-Zimbabwe through the SADLF Project and
collaborated with NARS). National Agricultural Research Systems of each country also
have programs that meet specific needs of the people in their respective countries. For
example, earliness, flint grain texture, maize streak virus and grey leaf spot tolerance are

some specific breeding goals for Malawi’s Maize Breeding Research Program.

Abiotic stresses

Drought-- the problem

Most parts of the world are subject to drought, but the duration and intensity vary greatly
from one climatic zone to another. Losses incurred from drought include reduction in
yield, poor quality product and loss of economic value amounting from few to hundreds
of millions of dollars (Quizenberry, 1982). Indirect losses are more difficult to evaluate
but include losses from crops not planted, abandonment of land, and land use changes
following the drought. The effects of drought can only be alleviated with precipitation or
irrigation. If irrigation is not available, then cultural practices that help accelerate the use

of the available moisture would help reduce the effects of the drought.

In some parts of the world, especially semi-arid regions, where most poor people live
drought is endemic. Even well-watered places experience occasional drought during
some periods of the growing season (Bennetzen, 2000). Because irrigation is not always
a possibility for most of the poor resource farmers, development of varieties with
improved tolerance to drought is a major focus of most plant breeding programs.
However, drought tolerance is a complex issue because it is associated with polygenic

genes.
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CIMMYT, (1988) estimated that about 23% of the total land in Africa suffers from
drought effects and that Southern Africa is at the highest risk of drought. In Sub-Saharan
Africa, drought is one of the key factors that limit cereal production, and it is the region
which receives the greatest drought impact in the world (Ribaut et al., 2002). The FAO
estimates that Southern Africa suffers an annual maize grain yield loss of 44% due to
drought effects alone. This makes drought the most important abiotic stress constraint to

maize production (Heisey and Edmeades, 1999).

Biological immunity against drought is not a possibility to reduce the effects of drought,
as a result productivity under drought is normally less than under optimal moisture.
However, through plant breeding you can develop some degree of tolerance to reduce
the effects of drought, in a manner analogous to disease and pest resistance. Thus, the
term “drought tolerance” means the ability of a maize genotype to produce grain with a
given amount of soil moisture stress (Quizenberry, 1982). Both conventional and

molecular approaches are currently available to improve drought tolerance.

Effects of drought on maize

Maize is one of the crops that is highly susceptible to drought. In general, drought
reduces maize production by decreasing plant stand during the seedling stage, by
decreasing leaf area development and photosynthetic rate during the pre-flowering
period, by decreasing ear and kernel set during the two weeks bracketing flowering, and
by inducing early leaf senescence during grain filling. At the cellular level, drought
results in the accumulation of abscisic acid (ABA) mainly in the roots where it
stimulates growth. When passed to the leaves, it causes leaf rolling, stomatal closure and
accelerates leaf senescence. Although ABA helps the plant to survive under drought, it
does not contribute to productivity (Zhang et al., 1987). Cell division is inhibited under
severe drought stress which results in lack of full cell expansion even if the stress is
removed. Conversion of sucrose to starch in the grain decreases under drought because

the activity of acid invertase, a key enzyme that converts sucrose to hexose sugars, is
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diminished (Westgate, 1997). Drought is also reported to reduce cell expansion and
photo-oxidation of chlorophyll and loss of photosynthetic capacity (Banziger et al.,
2000).

The low nitrogen problem

Most of the maize in developing countries is produced under low nitrogen conditions
because of continuous cropping and monocropping which have resulted in a decline in
soil fertility. There is also little or no use of inorganic fertilizer due to increased price
following the removal of subsidies on fertilizer and other inputs by most governments.
As a result, nitrogen will continue to be a major nutrient limiting maize production in
most farmers’ fields (CIMMYT, 1992). Population pressure has also exacerbated this
problem by reducing fallow periods, leading to reduced soil fertility. Increased
production of crops which have a higher monetory value leaves maize to be grown in
less fertile areas. These changes imply that more maize will be grown in the marginal
areas in the future. Poor weed control and leaching due to heavy rain in some seasons
increases the incidence of nitrogen stress in many cases. In addition to reduced yield, N
stress has been observed to reduce ear biomass at flowering and under drought

conditions (Edmeades, et al., 1992).

One approach to reducing the impact of nitrogen deficiency is to select cultivars that are
superior in the utilization of available nitrogen, due either to enhanced uptake capacity
or more efficient use of absorbed nitrogen for grain production (Lafitte and Edmeades,
1994). Blum (1988) suggested that selection for grain yield in the target environment (in
this case low nitrogen environments) should be more efficient than selection for yield
potential alone. However, such environments are not favored by maize breeders because
increased environmental variability is exposed as soil fertility declines, resulting in a

decline in heritability for grain yield.
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Breeding for drought and low nitrogen stress tolerance has been an ongoing program at
CIMMYT since 1986. It has been established that successful strategies to develop
drought and low nitrogen tolerant maize requires knowledge of the plant, environment
and the magnitude of the interaction of the two (Edmeades et al., 1992). One such
approach is the development of stress tolerant maize under carefully managed drought
and low nitrogen stress sites. The advantage of using managed stress sites is that it
displays genetic variation for drought or low nitrogen adaptive traits to best advantage

even if the stress is more severe than that encountered in the target environment.

Another approach to increasing the efficiency of selection in low nitrogen environments
is the use of correlated secondary traits (Blum, 1988). These are improved N uptake by
seedlings, high plant nitrate uptake and increasing nitrate reductase activity . Feil et al.
(1993) reported positive correlations between between nitrate reductase activity
measured in growing plants in a growth cabinet and total N uptake and grain yield
observed in the field. Other traits which are also positively correlated with grain yield
under limited nitrogen environments are large leaf area, high specific leaf N, an
increased leaf chlorophyll per unit area, total biomass and N at anthesis, plant height at

anthesis and length of the duration of grain filling (Lafitte and Edmeades, 1988).

Other options for breeding for low nitrogen tolerance are breeding under high nitrogen
environment, hoping that there is a positive correlation between a low nitrogen

environment and selection for low nitrogen tolerance using marker assisted selection.



19

How farmers deal with drought and low nitrogen problems

Farmers’ fields are rarely characterized by one abiotic stress alone, because drought also
occurs where nitrogen stress is also common. In a season when rainfall is plentiful,
maize crops are often sevely nitrogen deficient due to leaching. When drought comes
early in the season, farmers have the option to either plant another short season or apply
artificial water through irrigation which is not possible with smallholder farmers. Some
farmers just abandon their farms and migrate to other areas where the rainfall pattern is
better. In areas where the probability of drought stress is high, farmers often respond by
reducing the application of nitrogen fertilizer (McCown et al., 1992). Under low nitrogen
conditions, farmers can improve such soils by applying organic or inorganic fertilizers.
However, most smallholder farmers in Africa apply little or no fertilizer at all because of
high price. Where land is not a big problem, farmers can practice fallowing using multi-

purpose tree species, but some farmers just abandon poor soil.

Breeding for tolerance to drought and low N

There are several options to select for drought and low nitrogen tolerance:
Selection approaches for drought tolerance:
1. Select best genotypes under well- watered conditions assuming that the selected
genotypes will also perform also well under drought (Indirect selection).
2. Select under rain fed conditions in target environments (random stress).
3. Select under managed drought stress environments.
4. Select using molecular markers.
Selection approaches for low nitrogen tolerance:
1. Select under optimal fertilization assuming positive correlation between low
nitrogen and high nitrogen.
2. Select under low nitrogen environments.

3. Select using molecular markers.
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Conventional breeding approaches for drought tolerance

Conventional breeding for drought tolerance is a great challenge and complex. However,
tolerance to drought can be developed through selection for genetic variation for stress
tolerance traits that can be identified and exploited through evaluation and selection
(Bernardo, 2002). The most common approach that has been used for breeding drought
tolerance is to select for drought tolerance components. Bolanos and Edmeades (1996)
reported that selection for drought tolerance based on grain yield under drought may
result in limited progress due to low genetic variation and low heritability for that trait.
Also, heritability of maize grain yield reduces under drought, which reduces the yield
potential. As drought intensity increases, genetic variance for grain yield is decreased,
which weakens the selection intensity of the tested genotypes. Alternatively, use of
secondary traits of adaptive value, and genetic variation increases under drought, can
increase the selection efficiency. The most efficient are those whose variance is largest
when drought stress is induced during the flowering stage, heritability is high and have a
high relationship with grain yield. These are anthesis-silking interval (ASI), ears per
plant, leaf senescence, tassel size and grain yield (Fischer et al., 1983). However, other
secondary traits like leaf and stem elongation rate, canopy temperature, leaf photo-
oxidation, leaf chlorophyll concentration and seedling survival under drought are not
good indicators of drought tolerance (Banziger et al., 2000). Consistent selection for
drought tolerance using anthesis silking interval during flowering should be done with
great care to avoid increasing the frequency of male-sterile genotypes, because delayed

anther extrusion could be easily confused with a short anthesis silking interval.

There are a number of approaches with regards to the best selection environment to use
in order to obtain higher yields in drought stressed environments (Quizenberry, 1982).
The first is to develop varieties that are highly adapted to a moisture stress environment.
It is based on the principle that varieties selected for high yield under optimal moisture

conditions will not necessarily have high yield when they are grown under moisture
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stress conditions (Hurd, 1976; Falconer, 1989). This approach is mostly effective where
the plants must complete their life cycle on soil moisture stored during the previous
season. However, the use of this approach suffers from the problem of uneven
precipitation from year to year especially in most semiarid regions. In such a case, a
variety developed through this approach may not be able to respond in years of above
normal precipitation or below normal precipitation. The second approach is to develop
varieties that are adapted to a broad range of environmental conditions. This approach
would be most effective when plants receive precipitation during the growing season or
in a more optimal growing climate where periodic droughts may occur. Deday et al.
(1973) suggested that selection for drought tolerance should be done under favorable
environments because of greater genetic variance and high heritability. Another
approach was suggested by Oppenheimer (1961) and Banziger et al., (2000) called the
physiogenetic approach which combines the use of moisture stress environments and
optimal moisture conditions. This assumes that yield and drought tolerance are different
traits that are controlled by different genes or systems. Thus, screening germplasm
should be done under both moisture stresse and under optimal moisture conditions. Only
the best germplasm (i.e. genotypes with drought tolerance that have good yields under
optimal moisture conditions) should be advanced to the next testing phase. Testing of the
selected genotypes should be done under managed drought stress conditions, random
drought conditions (representing farmers’ growing conditions) and under optimal
moisture conditions. This means that there is duplication of work especially during the
early years of screening, which makes the approach expensive, time consuming and

laborious.

The approach described by Banziger et al. (2000) has been used by CIMMYT scientists
for the past three decades in order to develop drought tolerant genotypes with emphasis
on the period before and during flowering and selection of genotypes with a short
anthesis-silking interval. Selection was done on early generation lines, inbreds, hybrids,

testcrosses and OPV’s which were later evaluated in replicated trials at one or two
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drought stress levels during a rain-free period using irrigation. Drought was applied
during flowering and grain filling such that average grain yield in these trials was
reduced to 30% (severe stress level, grain-filling stress) or 15-30% (intermediate stress
level, combined flowering and grain-filling stress), respectively, of unstressed yields.
The same progenies were also grown under well-watered conditions during the main
season. Selection was for an index that seeks to maintain time from sowing to anthesis,
maintain or increase grain yield under well-watered conditions, increase grain yield
under drought, and decrease anthesis-silking interval (ASI), barrenness, the rate of leaf
senescence, and leaf rolling under drought (Bolafios and Edmeades 1993; Bolafios et al.
1993; Banziger et al. 1999; Edmeades et al. 1999). Other breeding goals, such as yield
potential, disease resistance, and grain quality, were also considered, based on
observations made with the same progenies in trials grown during the main cropping
season. However, despite some significant progress, the approach is slow, time
consuming with uncertain potential for further progress. After so many years of
research, CIMMYT researchers recommended that managed stress environments are
more effective and cost effective for screening and selecting maize germplasm for
drought tolerance. In addition, rapid and short term improvement for yield under non
moisture stressed conditions can be made in elite maize germplasm through recurrent

selection.

Drought tolerance can also be improved through the identification of genetic regions
whose expression controls the plant’s tolerance to drought and evaluation for yield
potential under field conditions. Ribaut et al., (1997) indicated that a combination of
marker assisted selection strategy based on best quantitative trait loci (QTLs) for
different traits directly or indirectly related to yield would be the best way to breed for
drought tolerance, in contrast to traditional breeding where breeders have relied on

secondary traits like anthesis-silking interval.
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Heritability of traits under drought and low N

Lafitte and Edmeades (1988) reported that realized heritabilities were generally larger
for yield under high nitrogen than under low nitrogen both at Cy and C, cycles. Values of
h? for grain yield across nitrogen levels, chlorophyll concentration and senescence rate

tended to be smaller than those of grain yield.

Bolanos and Edmeades (1996) reported on the importance of anthesis-silking interval in
breeding for drought tolerance in tropical maize. They observed that in all cases and for
all the traits, S,.3 progenies had larger heritabilities (by around 0.10 to 0.15) than S;
progenies across all the yield levels. They also observed that heritability estimates
tended to decrease with increase in moisture stress from around 0.60 under well watered
environments to 0.40 with increasing stress. However, the heritability for days to
anthesis remained fairly constant across all moisture regimes. Largest heritability
estimates were generally for morphological and phenological traits like days to anthesis

(0.80), leaf angle score (0.78), tassel branch number (0.79) and plant height (0.70).

Banziger et al. (2000) evaluated selection for grain yields under drought conditions.
They reported that by using grain yield alone limited progress is achieved because of the
low genetic variability for this trait under drought and because heritability for grain yield
reduces under drought. Lafitte and Edmeades (1994) reported that realized heritabilities
for different cycles of half sib recurrent selection under high and low nitrogen were
larger for grain yield under low nitrogen than under high nitrogen. They also found that
all the traits evaluated had higher heritabilities under cycle 0 compared to recurrent

selection.
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Correlation among traits, indirect selection and selection indices

A review of many publications on genetic correlation by Finne et al. (2000) showed that
although correlation estimates are helpful in determining the components of a complex
trait such as yield in white clover, they do not provide an exact picture of the relative
importance of the component characters. In maize, correlations between grain yield and
secondary traits like ears per plant, anthesis-silking interval and plant height have been
reported by several writers (Bolanos and Edmeades, 1996; Banziger et al., 2000; Badu-
Apraku et al., 2004) when selection was done for drought tolerance. Banziger and Lafitte
(1997) reported that the use of secondary traits for grain yield was 20% more efficient
than selection for yield alone. However, Badu-Apraku et al. (2004) indicated that cutting
off irrigation two weeks before flowering appears to be too severe to properly elicit true
differences among families because it resulted in negative variances which made it

impossible to calculate genetic correlations in some instances.

Fisher et al. (1983) reported that genetic correlations between yield in unstressed and
stressed environments remain positive but tend to be non significant where stress
reduces yield by 50%. Reduced plant height was also reported by the same authors to be
associated with reduced anthesis-silking interval and increased tolerance to drought.
Banziger and Lafitte (1997) reported that genetic correlations between grain yield and
anthesis-silking and ears per plant interval under stress were -0.6 and 0.9, respectively,
suggesting that these traits are good surrogates for grain yield under severely stressed
environments. Betran et al. (2003) reported that genetic correlations were positive and
significant for ears per plant and grain yield in hybrids and inbreds under stressed and

non stressed conditions.

Lafitte and Edmeades (1988) reported on the improvement of tolerance to low soil
nitrogen in tropical maize. They found significant phenotypic correlations between grain

yields and other secondary traits. Ear leaf chlorophyll concentration per unit area, plant
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height, ear leaf area, kernels per ear, ears per plant, and number of green leaves below
the ear under low nitrogen were positively correlated with grain yield, while anthesis-
silking interval was negatively correlated with grain yield. Weak correlations were
observed between grain yield and mass per kernel. Genetic and phenotypic correlations
observed also generally agreed in sign and magnitude, but they also observed some
differences between the two. While genetic and phenotypic correlations are useful in
describing expected changes in secondary traits with selection, may be misleading in

cases where field variability for the level of the limiting factor is large.

Bolanos and Edmeades (1996) reported on correlations between traits used in selection
and grain yield. They observed that there were no consistent differences between the
genetic correlations of most traits and grain yield between S; and S;.3 progenies. Genetic
correlations between grain yield and kernels per plant, ears per plant and were
consistently high (0.7 to 0.8). However, these showed no significant trends as water
availability changed. Both days to anthesis and anthesis-silking interval correlated more

strongly and more negative with grain yield as moisture stress intensified.

Badu-Apraku et. al. (2004) evaluated methodologies for screening for drought tolerance
in maize. They reported large and positive genetic correlations between yield and
moisture content, plant and ear height. However, in another study, they unexpectedly
found positive genetic correlations between grain yield and anthesis-silking interval. But
generally, correlation coefficients were higher in the non-stressed than the stressed
environments. However, traits which had negative genetic variances could not calculate
genetic correlations. Negative variances are attributed to sampling error in the
production of progenies for evaluation, field design, data collection and the statistical
analysis to estimate the variance components (Hallauer and Miranda, 1988). Negative
variance component estimates could also be due to experimental problems or failure of
the data to fulfill the assumption of genetic or statistical methods (Gousnard and Gallais,

1992).
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The use of direct vs. indirect selection has produced contradictory realized gains from
selection. Byrne et al., (1995) working with maize found little or no gain under drought
when these crops were selected under irrigated conditions. Contrary to this, Johnson and
Geadelmann (1989) measured similar gains for drought-stressed conditions when maize

was selected either under irrigated or drought stressed conditions.

Atlin and Frey (1990) compared predicted responses of grain yield to indirect and direct
selection to asses the value of high yielding or well-watered selection for improving
grain yields in low yielding or drought stresses environments. Although heritabilities for
grain yield were low under stress conditions, they concluded that direct selection was

often superior to indirect selection in targeting stress environments.

Banziger et al. (1997) indicated that selection under high nitrogen for performance under
low nitrogen was significant and more efficient than selecting under low nitrogen when
yield was reduced by 40% under nitrogen stress. The same authors also suggested that
when negative genetic correlations exist between yield in unstressed and stressed
environments, this would mean that the two should be bred for separately. In addition,
the same study suggested that the superiority of selection under either stress or non stress
conditions may depend on the stress intensity in the target environment. Thus, as genetic
correlations between grain yields under low and high N decreased with relative decrease
in yield reduction under low N, indirect selection under high N became less efficient.
Similar results were observed by Banziger et al., (1999) where they reported that
correlated responses from selection under optimal conditions may be expected to

decrease as N stress increases.

Marker- assisted selection (MAS)

Marker-assisted selection has been a useful tool in plant breeding through the

identification of important agronomic traits such as resistance to nematodes, insects,
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pathogens, tolerance to abiotic stresses, quality plant aspects and quantitative traits
(Mohan et al., 1997). This type of selection is dependent on the availability of a large
number of genetic markers which are known to have a strong genetic linkage with the
component that is to be selected. Marker assisted selection has also proved to be most

effect in early generation selection of breeding materials.

The international Maize and Wheat Improvement centre (CIMMYT), has developed a
program using marker assisted selection for drought tolerance and insect resistance in
maize and wheat. The Centre for Tropical Agriculture (CIAT) in Colombia is currently
transferring drought tolerance from tepary to Phaseolus beans using molecular markers.
Additionally, The International Crops Research institute for the Semi-Arid Tropics
(ICRISAT) has developed genomic maps for sorghum using maize markers and has also

mapped for drought tolerance in sorghum and millet (Visser, 1994).

Achievemnets with marker- assisted selection

There has been a lot of work done using marker assisted selection (MAS) as a plant
breeding tool over the past twenty years. A review by Young (1999) indicated that
despite the large number of articles (over 400) visited; very few of them led to the
release of cultivars or germplasm. Most of them have concentrated on mapping loci

which are known to be of agricultural interest.

Ragot et al. (1995) indicated that the efficiency of MAS is highest when the expression
of a trait is controlled by a single gene or a gene responsible for a high percentage of the
phenotypic variance of a trait. As such when you transfer a single genomic region from
the donor parent to the recipient plant, you can achieve a large genetic improvement for
that trait. In addition, for line conversion to be successful, the number of target genes
and the expected level of conversion must be established long before the MAS is started

because they will determine the size of population to be used, the number, position and
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nature of molecular markers and the number of genotypes to be selected (Ribaut et al.,
2002). Ribaut et al. (1999), also indicated that for MAS experiments to be successful,
they should not be based only on the QTL involved in the yield components because
only a few QTLs are stable across environments but should consider QTLs involved in
the expression of secondary traits that are correlated with grain yield under drought.
These QTLs should also account for a large percentage of the phenotypic variance and

be stable across environments.

Cregan et al. (1999) found that selection for one or two single sequence repeat markers
linked to the rhgl locus was highly effective in screening for resistance to cyst
nematodes in soybeans. In pearl millet, marker assisted backcrossing has been
successfully done in improving drought tolerance for the elite inbred pollinator H77/833-
2 using donor PRLT 2/89-33 and elite inbred maintainer line 841B using donor 863B
(Hash et al., 1999). In potato, molecular markers were successfully used to map genetic
regions for disease resistance (R7) gene (Leister et al. 1996). MAS was also successful
in selecting for increased grain protein in wheat which led to an average increase of 15g
kg and was successful in 75% of the materials tested (Chee et al. 2001). Other studies
by Edwards and Johnson ((1994) showed that MAS was successful as a selection index
for a lot of traits. In rice, root depth was successfully selected for using MAS in 50% of
the genotypes through introgression (Shen et al., 2001). Sebolt et al., (2000) used MAS
to introgress QTLs for higher protein concentration for wild species into cultivated

species.

Research conducted by CIMMYT on the cost- effectiveness of using SSRs in MAS
experiments showed that with a small sample size and few markers, the cost is high but
the cost goes down when screening several hundreds of genotypes and a large number of

molecular markers are used (Dreher et al., 2000).
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Mertz et al. (1964) screened a large number of genotypes from a segregating population
of maize in order to select for a high protein maize genotype (opaque 2) which is found
on the short arm of chromosome seven of the maize genome. The opaque-2 locus has
been cloned (Schmidt et al., 1990) and three SSRs were detected within the sequence of
the gene itself (phi057, phil12 and umc1066) which CIMMYT has for years used this
information to screen thousands of genotypes in different segregating populations to

select genotypes which have one copy of the mutant allele (Ribaut et al., 2002).

MAS in maize breeding for drought tolerance

Maize breeders dealing with MAS are in a privileged situation because maize has a
diploid genome, high level of polymorphism, large number of DNA markers publicly
available, a lot of maize QTL studies published and a large number of genes already
characterized. Thus various MAS approaches are available to improve maize. Genes that
have been cloned and sequenced can be amplified or hybridized using DNA markers can
be used in MAS. Maize improvement (for example drought tolerance) can also be
achieved through QTL introgression which requires that a target genome be between two

DNA markers that define the QTL (Ribaut et al., 1999).

In maize, Stuber (1994) reported results of introgression of genomic regions from Tx303
into B73 and from Oh73 into Mol7 through marker assisted backcross. The results
showed that the crosses derived from converted versions of B73 and Mol7 averaged
higher yields than the hybrids from the normal B73 x Mol7 hybrid. These results

showed a successful manipulation of polygenic traits using MAS-BC.

Studies conducted at CIMMYT on marker-assisted selection were successful in the
improvement of the elite maize line (CML 247) for drought tolerance. This line was
improved through marker-assisted backcrossing (BC-MAS) using P1 as a donor line.

Data from, the cross, an F, population and from the F; family evaluations were used to
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identify five genomic regions responsible for drought tolerance which were transferred
to the recipient line (Ribaut et al., 1999). The same author also reported about
population improvement through changes in allelic frequency for drought tolerance in
maize using MAS. In this study, 120 genotypes were screened of cycle 0, 4 and 8§ using
40 RFLP probes with alleles increasing with each cycle of selection being favorable for
drought tolerance. DNA markers were then used to validate the presence of the alleles
which were associated with the improvement in drought tolerance. In addition,
CIMMYT has been mapping and evaluating a number of populations across
environments and years followed by selection based on genetic and phenotypic data
since 1994 (Ribaut et al. 1996; 1997). The same, populations were also selected for

drought tolerance using conventional methods.

Marker assisted selection also help to save breeding time if the heritability of the trait is

high and field evaluation is very costly or simply cannot be done at your location,
environmental effects are significant and the classical selection is expensive or slow, or
if the conditions for selection are only present occasionally (for example selection for
drought tolerance in the rainy season) and if you want to backcross a known gene into an
inbred line as rapidly as possible (Banziger et al., 2000 and Ribaut et al., 2002). In
addition, molecular markers can contribute to maize improvement through identifying
heterotic groups, assigning inbreds to heterotic groups, establishing relationships among
cultivars, predicting hybrid performance, choosing parents in a hybrid program,
evaluating hybrid performance, assessing genetic change over time, analyzing genomic
regions of pedigree-related genotypes, protecting Intellectual Property Rights, increasing
intensity of selection while maintaining variability, increasing parental control by
selecting before pollination, allowing selection to be conducted when phenotypic
evaluation is difficult and reducing the number of seasons by selecting outside the
selection environments (Betran at al., 2003; Lee, 1995). In order to maximize the
efficiency of marker assisted selection as a tool for selection for drought tolerance,

selection should be done for few loci with large phenotypic effects. The genotypes
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identified must be evaluated in the field under managed drought conditions to quantify

the efficiency of the selection technique.

CIMMYT has been mapping genomic regions associated with drought tolerance from a
number of populations across seasons and across environments both in Mexico and
Africa. These mapping studies have allowed the identification of QTLs consistent across
mapping populations and environments (Ribaut, et al., 2004). Hence, it is possible to
select genotypes based on genotypes at these QTLs and compare their performance with

conventionally selected genotypes.



32

CHAPTER Il
MATERIALS AND METHODS

Germplasm

Early generation F,.3 lines were developed from four biparental populations, CML440 x
COMPE, CML312 x NAW, CML 441 x CML444 and CML444 x K64R by CIMMYT.
These populations have been used to map QTLs for grain yield and associated traits
under stress and non stress environments. Two polymorphic markers were used for each
target region. Over the past ten years, about 4000 drought QTLs have been identified.
The stable regions were identified using an output of a combined QTL analysis
conducted on each cross. Almost 30% of the combined QTLs identified were included in
the selected regions considered for MAS. With the information obtained during the
mapping studies, marker assisted selection on these populations was conducted at
CIMMYT-Mexico by Dr. Jean-Marcel Ribaut. Markers located at the most relevant and
consistent QTLs previously identified were used to select 50 F,.3 lines with desirable
combination of favorable alleles and 50 F,.; lines with unfavorable combination of
alleles. The relative value of alleles at these marker loci was determined during the
mapping study using information of performance under drought. The resulting F,.;3 lines
per population were crossed to one single cross tester from the opposite heterotic group.
Lines from populations CML440 x COMPE and CML312 x NAW were crossed with
tester CML444 x CML395. Lines from populations CML441 x CML444 and CML444 x
K64R were crossed with tester CML442 x CML312 (Fig. 2). The 400 testcrosses were

evaluated under stress and non stress environments.
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Schematic diagram showing how the test crosses were developed from each population

(e.g., CML441 x CML444).

Fig. 2. Production of testcrosses for evaluation.

CML 441

X CML 444

F2

|

F2.3( 100 families) x Tester A (CML442/CML312)

(Testcrosses evaluated under well-watered, low N, high N, and
drought in Zimbabwe and Malawi)

Environments and stress management

The testcrosses were evaluated in Malawi and Zimbabwe underfour different

environments as shown in Table 3a:

Table 3a. Environments and locations of experiments.

Country
Malawi
Malawi
Malawi

Malawi

Location
Chitedze
Chitedze
Chitala
Chitala

Environment
No nitrogen
High nitrogen
Well-watered
Drought

Water supply
Rain fed
Rain fed
Irrigated
Irrigated
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Table 3a. continued

Country Location Environment Water supply
Zimbabwe  Harare Low nitrogen Rain fed
Zimbabwe  Harare High nitrogen Rain fed
Zimbabwe  Chiredzi Well-watered Irrigated
Zimbabwe  Chiredzi Drought Irrigated

An alpha lattice (incomplete block) design (Patterson and Williams, 1976) with two
replicates was used for each experiment. Each experimental unit consisted of one row
plot. Description of all trials, locations, plot characteristics and management is presented

in Table 3b.



Table 3b. Summary of trials conducted, altitude, latitude, location, type of management and plot sizes.

Trial Location # of Plot size # of Magt Altitude Latitude

Code Entries (m) Reps (masl)

CML44141 Chitedze 100 5.1x0.90 2 No fert. 1300 13.58E, 33.38S
CML44142 Chitedze 100 5.1x0.90 2 High N 1300 13.58E, 33.38S
CML44143 Harare 100 45x%x0.75 2 High N 1503 31.02E, 17.43S
CML44144 Harare 100 2.1x0.75 2 High L 1503 31.02E, 17.43S
CML44145 Chiredzi 100 3.0x0.75 2 WW 392 31.57E, 21.03S
CML44146 Chitala 100 5.1x0.90 2 WW 606 34.40E, 10.40S
CML44147 Chitala 100 5.1x0.90 2 Drought 606 34.40E, 10.40S
CML44148 Chiredzi 100 3.0x0.75 2 Drought 392 31.57E, 21.03S
COMPE4401 Chitedze 102 5.1x0.90 2 High N 1300 13.58E, 33.38S
COMPE4402 Chitedze 102 5.1x0.90 2 No fert. 1300 13.58E, 33.38S
COMPE4403 Harare 102 45x%x0.75 2 High N 1503 31.02E, 17.43S
COMPE4404 Harare 102 2.1x0.75 2 Low N 1503 31.02E, 17.43S
COMPE4405 Chiredzi 102 3.0x0.75 2 wWw 392 31.57E, 21.03S
COMPE4406 Chiredzi 102 3.0x0.75 2 Drought 392 31.57E, 21.03S
COMPE4407 Chitala 102 5.1x0.90 2 Drought 606 34.40E, 10.40S
COMPE4408 Chitala 102 5.1x0.90 2 WW 606 34.40E, 10.40S
K64R4441 Chitedze 98 5.1x0.90 2 No fert. 1300 13.58E, 33.38S
K64R4442 Chitedze 98 5.1x0.90 2 High N 1300 13.58E, 33.38S
K64R4443 Harare 98 45x0.75 2 High N 1503 31.02E, 17.43S
K64R4444 Harare 98 2.1x0.75 2 Low N 1503 31.02E, 17.43S
K64R4445 Chiredzi 98 3.0x0.75 2 WwWw 392 31.57E, 21.03S
K64R4446 Chiredzi 98 3.0x0.75 2 Drought 392 31.57E, 21.03S
K64R4447 Chitala 98 5.1x0.90 2 Drought 606 34.40E, 10.40S
K64R4448 Chitala 98 5.1x0.90 2 WwWw 606 34.40E, 10.40S
NAW3121 Chitedze 102 5.1x0.90 2 No fert. 1300 13.58E, 33.38S
NAW3122 Chitedze 102 5.1x0.90 2 High N 1300 13.58E, 33.38S

¢¢



Table 3b. continued

Trial Location # of Plot size # of Magt Altitude Latitude

Code Entries (m) Reps (masl) (Degrees)
NAW3123 Harare 102 4.5x0.90 2 High N 1503 31.02E, 17.43S
NAW3124 Harare 102 2.1x0.75 2 Low N 1503 31.02E, 17.43S
NAW3125 Chiredzi 102 3.0x0.75 2 wWwW 392 31.57E, 21.03S
NAW3126 Chiredzi 102 3.0x0.75 2 Drought 392 31.57E, 21.03S
NAW3127 Chitala 102 5.1x0.90 2 Drought 606 34.40E, 10.40S
NAW3128 Chitala 102 5.1x0.90 2 wWwW 606 34.40E, 10.40S

Magt, management; masl, meters above sea level; #, number; M, meter; WW, well-watered; No fert., no nitrogen fertilization.

9¢
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Management of drought and low N sites

Depleting the soil of excess nitrogen by growing continuous maize without fertilizers
and removing stover after every season for three years developed low nitrogen sites. No
nitrogen was applied to these trials. The drought trials were irrigated to field capacity
from planting until three weeks before flowering in order to induce drought stress at

flowering while the well-watered trials were irrigated up to physiological maturity.

Field measurements

Data were collected on plot basis on the following agronomic traits: emergence count,
days to pollen shed (days from planting to 50% pollen shed), days to silking (days from
planting to 50% silking), plant height (distance in cm from the ground to where the
tassel starts to branch), leaf senescence was determined by visual estimation of the
proportion of dead leaves across plants of the whole plot (rating scale from 1 to 10 with
1 being 10% of leaves dead and 10 being 100% of leaves dead), ear height (distance
from the base of the plant to where the ear is borne), harvest plant number (all the plants
in the plot but excluding those at both sides of the plot), ear number (all the ears that
were harvested from the plot), ear and grain weight (weight of all the ears harvested and
grains shelled from a plot), grain texture (based on grain hardness of flintnes), root
lodging (all plants that were not standing on their roots), percent moisture content
(estimated with a Dickey’s Grain Moisture Tester) and 100 kernel weight (weight of 100

grains from each plot weighed using a scale).
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Statistical analyses

Analysis of variance per and across environments

Analysis of variance per locations was conducted using Remltool, where testcrosses,
replications and blocks were considered as random effects. Across locations analysis
was done using Proc Mixed in SAS (SAS, 1997). Heritabilities and genotypic and
phenotypic correlations per environment were analyzed using Proc Mixed and Proc IML
in SAS where both the genotypes and the replications were considered as random
effects. Contrasts for the testcross groups were conducted using Proc GLM in SAS
(SAS, 1997). Combined analysis of variance across locations was computed using

PROC GLM in SAS (SAS, 1997).

Relationships among environments

Additive Main Effects and Multiplicative Interaction (AMMI) analysis of grain yield of
testcrosses was carried out to assess the relationship among environments. Single value
decomposition biplots were generated with testcross means per location using Excel add-
in software Biplot vl.1 (Smith, Virginia Tech;
http://www.stat.vt.edu/facstaff/epsmith.html). Biplots visualize the relationship between
environments as well as the relative performance of genotypes on environments. Vectors
in the AMMI biplots represent environments. Environments that discriminate genotypes
in a similar manner have close vectors in the same direction. Environments that
discriminate genotypes in a different manner, which creates GxE interaction, have

vectors further apart facing opposite directions.


http://www.stat.vt.edu/facstaff/epsmith.html
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Broad sense heritability (H) per and across environments

Broad sense heritability for the different traits per environment and across environments
was estimated using the PROC MIXED procedure in SAS™ 8.0 (Holland et al., 2002;
http://www4.ncsu.edu/~jholland/homepage.htm). Heritabilities and its respective
standard errors were estimated on genotypic mean basis. As was the case in adjusted
means calculations, comparisons between GLM and MIXED heritability estimates were
performed to establish if any differences existed between them, and the extent of such

differences. Heritability for the different traits by individual environment was estimated

as follows:
2
o
H= G 5
2 O
o-+ ¢
G l"'
where,

o is the genotypic variance,
o is the error variance, and 7’ is the harmonic mean of replications.

Heritability across environments was calculated as follows:

2
H= Te
2 (72/ 0-2
oo+ 0/ 4+
G 7' r'e'

where,

o, is the genotypic variance,

ol; 1is the genotype by environment interaction variance, ois the error

variance, r’is the harmonic mean of replications, e’ is the harmonic mean of

environments.


http://www4.ncsu.edu/~jholland/homepage.htm
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Phenotypic and genotypic correlation

Phenotypic and genotypic correlation coefficients and their standard errors were
estimated using a multivariate restricted maximum likelihood estimation (Holland, et al.,
2002). The estimation was done using the PROC MIXED procedure in SAS® 8.0
(http://www4.ncsu.edu/~jholland/homepage.htm). The program provides variances and
covariances, genotypic correlation coefficient (7¢), phenotypic correlation (7p) and their
respective standard errors. Genotypic correlation »¢ was calculated as follows:

_ Cov,
v, = —————
G 2 2

OcxOcy
where,

Covg is the genotypic covariance between traits x and y. o, is the genotypic
variance of trait x, and o, is the genotypic variance of trait y.
In addition to the genotypic and phenotypic correlations, single value decomposition
biplots were generated to visualize the relationship among standardized traits at each
environment and across environments using Excel add-in software Biplot v1.1. Vectors

in the biplot represent traits. Traits with close vectors are positively correlated and traits

with vectors in opposite directions are negatively correlated.

Expected direct and indirect genetic gain to selection

Expected direct genetic gain to selection for each environment and across environments

was estimated for grain yield following Falconer and Mackay (1996):
Genetic gain = 1.75*\/02g*\/h2

where,

02g is the genotypic variance of target trait, and 4 is its heritability.
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Expected indirect genetic gain or correlated response between environments was

estimated for grain yield (Falconer and Mackay, 1996) as follows:

CR = 1.75*Vh* o’ * o,y

where:
i’ is the heritability for target trait in the environment where selection is done,
czg is the genotypic variance of that same trait in the response environment, and

Oyy 15 the correlation coefficient between the two environments.

Preliminary assessment of MAS efficiency in testcrosses

The relative efficiency of marker assisted selection was assessed in three ways:
1. Comparing the overall mean of the best 50 and worst 50 marker based line

testcrosses.

2. Comparing the overall drought and low N tolerance indices of these two groups of
genotypes.

3. Ranking the testcrosses for grain yield at each environment and compare the relative.

4. Number of the best and worst marker based testcrosses among the top yielding
testcrosses.

Drought tolerance index (D77) measures how much genotypes reduce their performance
under drought as compared to their performance in well-watered conditions.

The calculation was done as follows:

DTI= ((GYG vy — GYGy)/GYGp)* 100



where,
GYG,,, = Grain yield under well-watered conditions;

GYG = Grain yield under drought;

Likewise, the nitrogen tolerance index (N77) was calculated as:

NTI = (GYG n, — GYG)/GYGyy)* 100
where,
GYGy, = Grain yield under high nitrogen conditions;

GYGj, = Grain yield under low nitrogen;

42
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CHAPTER IV
RESULTS AND DISCUSSION

Average grain yield was variable across environments and testcross populations (Table
4). Drought stress environments were the lowest yielding environments and high N the
highest yielding environments. Following is presented the results for each of the

testcross populations at each environment.

Table 4. Mean, minimum and maximum grain yields per trial for all environments
and population of testcrosses evaluated in Malawi and Zimbabwe in 2003 and
2004.

Trial Location Magt Mean Minimum Maximum
Mg ha™! Mg ha™ Mg ha™!

CML44141 Chitedze No Fert. 5.64 0.42 7.95
CML44142 Chitedze High N 2.10 0.17 3.72
CML44143 Harare High N 4.53 0.14 7.49
CML44144 Harare High N 9.09 1.70 12.51
CML44145 Chiredzi wWwW 3.85 0.76 6.74
CML44146 Chitala wWwW 4.76 2.04 7.02
CML44147 Chitala Drought 2.09 0.36 3.58
CML44148 Chiredzi Drought 0.32 0.00 1.29
COMPE4401 Chitedze High N 5.56 3.58 7.34
COMPE4402  Chitedze No Fert. 3.85 2.05 6.74
COMPE4403  Harare High N 8.02 5.73 9.77
COMPE4404  Harare Low N 1.81 0.39 3.40
COMPE4405  Chiredzi wWwW 4.77 3.51 6.09
COMPE4406  Chiredzi Drought 1.81 0.10 3.70
COMPE4407  Chitala Drought 2.56 0.92 4.27
COMPE4408  Chitala wWw 3.80 1.80 6.09
K64R4441 Chitedze No Fert. 532 0.01 7.36
K64R4442 Chitedze High N 5.17 0.70 7.54
K64R4443 Harare High N 9.64 4.75 12.91
K64R4444 Harare Low N 0.87 0.16 1.74
K64R4445 Chiredzi WwW 5.15 2.84 6.68
K64R4446 Chiredzi Drought 0.20 0.00 0.10
K64R4447 Chitala Drought 1.84 0.62 3.26

K64R4448 Chitala wWw 4.66 2.89 6.56



Table 4. continued
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Trial Location Magt Mean Minimum Maximum
Mg ha™ Mg ha™ Mg ha™!

NAW3121 Chitedze No Fert. 5.47 2.98 9.37
NAW3122 Chitedze High N 4.54 1.97 7.13
NAW3123 Harare High N 8.74 5.30 11.20
NAW3124 Harare Low N 1.75 0.47 3.24
NAW3125 Chiredzi wWwW 6.06 423 7.65
NAW3126 Chiredzi Drought 0.20 0.00 0.93
NAW3127 Chitala Drought 1.29 0.57 2.19
NAW3128 Chitala wWwW 3.90 1.28 6.03

Magt, management; No fert., no nitrogen fertilization; WW, well-watered; N., nitrogen.
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Population CML441/CML444

Results per environment

Chitedze no nitrogen fertilization

This experiment was conducted under no nitrogen fertilization and rain fed conditions at
Chitedze Research Station (Malawi) during the 2003 and 2004 season. The purpose was
to induce low N stress, however, the nitrogen content in the soil was higher than
expected and no stress was apparent. Grain yield average was 5.43 Mg ha” (range from
0.45 to 8.03 Mg ha) (Table 5). There were significant differences for grain yield,
anthesis date, ears per plant, grain moisture content and 100-kernel weight but not for
anthesis-silking interval and plant height (Table 5). Heritabilities were 0.47, 0.51, 0.17,
0.22, 0.29, 0.30 and 0.42 for grain yield, anthesis date, anthesis-silking interval, plant
height, ears per plant, moisture content and 100 grain weight, respectively. Average
grain yield for the first 50 testcrosses was significantly greater than the average for the

last 50 testcrosses (Table 5).

Genotypic and phenotypic correlations were estimated only among traits that showed
significance differences. Grain yield was negatively correlated with anthesis date, and
positively correlated with plant height, ears per plant, 100 kernel weight, ears per plant
and grain texture (Table 6, Fig. 3). The magnitudes of genotypic correlations were
greater than those of phenotypic correlations. Genotypic correlations ranged from -0.59
to 0.99, while the phenotypic correlations ranged from -0.43 to 0.15. High genotypic
correlations were observed between grain yield and plant height and grain texture. Grain
yield components such as ears per plant and 100 kernel weight had also a strong
correlation with grain yield (Fig. 3). Other strong genotypic correlations were observed

between plant height and 100 kernel weight and grain moisture.
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Table 5. Statistics, genotypic variance, heritability and their standard errors for
traits in testcrosses from population CML441 x CML444 evaluated under no
nitrogen fertilization at Chitedze, Malawi in 2003 and 2004 season.

Statistics GYG AD ASI PH EPP MOI TEX GWT
Mg ha'! d d cm # % 1-5 g
Mean 5.43 69.8 1.2 2258  0.70 13.1 3.00 36.6
Significance HEE *kx NS NS Hrx NS Ak *
Minimum 0.45 66.5 -0.2 189.1  0.30 11.5 1.00 19.3
Maximum 8.03 78.5 3.1 275.8  1.00 15.1 400 498
LSD (5%) 2.15 3.4 1.5 282  0.10 2.3 0.50 9.4
CV (%) 24.50 2.6 66.1 6.6 6.50 5.56 12.3 12.2
MSE 1.77 3.15 0.61 2253 0.02 0.53 0.10  20.1
Mean (Ent. 1-50) 5.77 69.9 1.1 226.7 0.71 13.1 3.09  37.1
Mean (Ent. 51-100) 5.09 69.5 1.2 225.1  0.66 12.9 292 362
o’ 1.77 3.15 0.61 22131  0.02 0.53 0.08  20.0
6’6 0.78 1.67 0.06 31.8  0.01 0.11 0.14 7.4
h’ (family basis) 0.47 0.51 0.17 022 0.29 0.30 078  0.42
Standard Error 4’ 0.11 0.10 0.17 0.16  0.15 0.14 0.05 0.12

*E* x% * Significant at P < 0.001, 0.01 and 0.05, respectively, and NS = non significant.
GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; EPP, ears per plant;
MOI, grain moisture content; TEX, grain texture; GWT, 100 kernel weight.

Table 6. Genotypic (above diagonal) and phenotypic (below diagonal)
correlations among traits and their standard errors (SE) for population
CML441 x CML444 evaluated under no nitrogen fertilization at Chitedze,
Malawi in 2003 and 2004 season.

GYG AD ASI PH EPP TEX GWT MOI

0.25 0.04 0.99 051 051 0.94 0.14

GYG (0.26) (0.41) (0.05) (0.19) (0.19) (0.35) (0.44)

-0.42 -0.18 -0.54 -0.59 -0.44 -0.23 0.59

AD  (0.07) (0.36) (0.10) (0.31) (0.18) (0.27) (0.37)

0.07  -0.10 0.29 0.41 -0.04 0.19 0.44

ASI  (0.08)  (0.07) (3838)  (0.67) (0.25) (0.23) (0.54)

0.18 -0.10 0.05 0.40 0.99 0.68

PH (0.00)  (0.01) (0.92) - (0.42) (1.80) (3.40)

0.27 -0.43 0.21 0.11 0.69 0.62 -0.07

EPP  (0.08)  (0.06) (0.08) (5.04) (0.38) (0.55) (4.16)

0.16 -0.08 -0.00 0.08 0.13 0.51 0.10

TEX  (0.08)  (0.07) (0.08) (0.08) (0.08) (0.19) (0.27)

0.10  -0.16 0.05 0.15 0.00 0.27 0.21

GWT (0.08)  (0.07) (0.01) (0.07) (0.08) (0.08) (0.37)
0.07 0.13 -0.02 0.07 -0.14 -0.14 0.20

MOI  (0.04)  (0.08) (0.08) (0.42) (0.25) (0.08) (0.07) -

GYG, grain yield; AD, anthesis date; ASI, anthesis-silking interval; PH, plant height; EPP, ears per plant;
TEX, grain texture; GWT, 100 kernel weight; MOI, moisture content.
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Fig. 3. Single value decomposition biplot of standardized traits showing their correlations for
population CML441 x CML444 evaluated under no nitrogen fertilization at Chitedze, Malawi in
2003 and 2004 season. (GYG, grain yield; AD, anthesis date; ASI, anthesis-silking interval; PH,
plant height; EPP, ears per plant; TEX, grain texture; GWT, 100 grain weight; MOI, moisture
content).

Harare low nitrogen

This experiment was conducted under low nitrogen conditions in Harare (Zimbabwe)
under rain fed conditions during the 2003/2004 season. The trial did not receive any
nitrogen fertilization but just 60 kg ha! of P,Os. Significant differences were observed
for all the traits except grain yield (Table 7). Mean values of the best 50 genotypes and
50 worst genotypes were also not significantly different. Anthesis date, plant height and
leaf senescence had relative high heritabilities of 0.53, 0.64 and 0.62, respectively, while
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anthesis-silking interval and ears per plant had moderate heritabilities of 0.44 and 0.28,

respectively.

Table 7. Statistics, genotypic variance, heritability and their standard errors for
traits in testcrosses from population CML441 x CML444 evaluated under low
nitrogen at Harare, Zimbabwe in 2003 and 2004 season.

Statistics GYG AD ASI PH EPP SEN
Mg ha’! d d cm # %
Mean 2.10 773 2.50 186 0.90 54.2
Signiﬁcance NS skookok sk sk skokok skksk
Minimum 0.17 71.2 4.5 107 0.10 47.0
Maximum 3.72 89.9 6.90 222 1.20 75.7
LSD (5%) 1.69 4.50 3.00 26.0 0.30 0.70
CV (%) 40.49 3.20 59.3 7.0 21.2 7.79
MSE 0.72 6.20 2.20 173 0.02 0.10
Mean (Ent. 1-50) 2.21 77.4 2.40 188 0.90 54.1
Mean (Ent. 51-100) 2.01 77.2 2.60 185 0.90 54.3
o’ 0.62 6.13 2.12 172.1 0.03 0.13
6’6 0.00 3.48 0.85 155 0.01 0.10
A’ (family basis) 0.00 0.53 0.44 0.64 0.28 0.62
Standard Error 4’ 0.00 0.10 0.11 0.07 0.15 0.08

wdk k% Significant at P < 0.001, 0.01 and 0.05, respectively, and NS = non significant.
GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; EPP, ears per plant;
SEN, leaf senescence.

Anthesis date had a negative genotypic correlation with anthesis-silking interval (-0.63),
plant height (-0.25) and ears per plant (-0.67) (Table 8, Figure 4). Anthesis-silking
interval had positive correlations with plant height (0.28) and ears per plant (0.29).
Phenotypic correlations ranged from -0.44 to 0.29 and genotypic correlations from -0.92

to 0.95.



Table 8. Genotypic (above diagonal) and phenotypic (below diagonal)

correlations and their standard errors (SE) for population CML441 x CML444
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conducted under low nitrogen conditions in Harare, Zimbabwe during 2003 and
2004 season.

AD ASI PH EPP SEN
AD 0.63(0.19)  -0.25 (0.03) 20.67(0.39) 041 (0.21)
ASI -0.44 (0.06) 0.28 (0.22) 029 (022)  -0.92(0.27)
PH 20.25(0.01)  0.24(0.07) 0.95(30.4)  -0.46(0.19)
EPP 0.23(0.07)  0.24(0.07)  0.29(1.23) -0.54 (0.28)
SEN 0.14 (0.08)  -0.19(0.08)  -0.13 (0.08) -0.33 (0.07)

AD, anthesis date; ASI, anthesis-silking interval; PH, plant height; EPP, ears per plant; SEN, leaf

senescence.
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Fig. 4. Single value decomposition biplot of standardized traits showing their correlations for

population CML441 x CML444 evaluated under low nitrogen fertilization

in Harare,

Zimbabwe in 2003 and 2004 season. (GYG, grain yield; AD, anthesis date; ASI, anthesis-silking
interval; PH, plant height; EPP, ears per plant; SEN, leaf senescence).
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Chitedze high nitrogen

This experiment was conducted at Chitedze Research Station during the 2003/2004
season under rain fed conditions. This trial was fertilized with 120 kg N ha™ and 60 kg
ha' P,0s. Significant differences among testcrosses were obtained for grain yield,
anthesis date, anthesis-silking interval, plant height, root lodging, grain moisture content
and grain texture (Table 9). No significance differences were observed for number of
ears per plant. Heritabilities for grain yield and anthesis-silking interval were low,
moderate for grain moisture and grain texture, and relatively high for anthesis date and
plant height. Average grain yield was 4.53 Mg ha', which was lower than the

experiment with no fertilization at the same location.

Grain yield was positively correlated with plant height and grain texture, and negatively
correlated with anthesis date and root lodging (Table 10, Fig. 5). Genotipic correlation
between grain yield and plant height (0.69) and plant height and texture (0.77) were
high. Moderate phenotypic correlations were observed between grain yield and plant
height (0.38), grain texture and plant height (0.33), and between grain yield and grain
texture (0.38).

Anthesis-silking interval had negative genotypic correlations with plant height, grain
yield, grain texture and grain texture at -0.22, -0.26 and -0.32, respectively. Negative
phenotypic correlations were also observed between anthesis-silking interval and grain

yield (-0.11).
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Table 9. Statistics, genotypic variance, heritability and their standard errors for
traits in testcrosses from population CML441 x CML444 evaluated under high
nitrogen fertilization at Chitedze, Malawi in 2003 and 2004 season.

Statistics GYG AD ASI PH RL EPP MOI TEX
Mg ha'! d d cm # % 1-5
Mean 4.53 77.0 0.60 198 8.20 1.00 12.7 3.30
Signiﬁcance k NS skeskosk skesksk skeskosk NS skesksk sksksk
Minimum 0.14 72.2 -2.30 108 0.00  0.50 6.40 1.50
Maximum 7.49 80.4 3.30 224 57.3 1.90 15.1 4.50
LSD (5%) 2.88 4.70 2.30 27.0 19.8  0.50 6.29 0.80
CV (%) 32.7 3.07 204.1 6.80 78.5 17.3 130.3 12.2
MSE 2.20 5.60 1.50 181 414  0.03 0.64 0.17
Mean (Ent. 1-50) 4.88 77.0 0.50 199 5.48 1.0 14.9 3.00
Mean (Ent. 51-100) 42 77.0 0.70 197 10.7 1.0 1.3 3.00
o’ 2.20 5.60 1.47 192.3 414  0.03 0.66 0.16
6’6 0.19 0.00 0.14 187.8 11.03  0.03 0.21 0.09
h’ (family basis) 0.15 0.00 0.16 0.66 035 0.16 0.39 0.51
Standard Error 4’ 0.18 0.00 0.17 0.07 0.13 0.17 0.14 0.10

*E* xx * Significant at P <0.001, 0.01 and 0.05, respectively, and NS = non significant.
GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; RL, root lodging;
EPP, ears per plant; MOI, grain moisture content; TEX, grain texture.

Table 10. Genotypic (above diagonal) and phenotypic (below diagonal)
correlations and their standard errors (SE) for population CML441 x CML444
conducted under high nitrogen conditions at Chitedze, Malawi during 2003 and
2004 season.

GYG ASI PH EPP TEX RL MOI

022 0.69 0.56 1.28 -1.86 1.06

GYG (1.05)  (0.02) (0.59) (0.96) (1.96) (1.25)

-0.11 -0.26 0.61 -0.32 -0.50 0.09

ASI  (0.07) (0.02) (1.02) (0.49) (0.39) (0.56)

0.38 -0.04 1.26 0.77 -0.66 0.20

PH  (0.04) (0.01) (0.63) (0.16) (0.25) (22.3)

0.70 -0.06 0.36 0.84 0.75 0.17

EPP  (0.04) 0.07)  (0.07) (0.54) (0.44) (0.26)

0.32 -0.06 0.33 0.26 0.73 0.20

TEX (0.07) 0.08)  (0.07) (0.07) (0.34) (0.27)

0.17 0.12 -0.19 -0.03 0.11 -0.93

RL  (0.07) (0.01)  (0.08) (0.01) (0.08) (0.22)
0.07 -0.06 0.08 0.03 0.06 -0.10
MOI  (0.08) (0.08)  (2.38) (0.04) (0.01) (0.10)

GYG, grain yield; ASI, anthesis-silking interval; PH, plant height; EPP, ears per plant; TEX, grain
texture.; RL, root lodging, MOI, moisture content.
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Fig. 5. Single value decomposition biplot of standardized traits showing their correlations for
population CML441 x CML444 conducted under high nitrogen conditions at Chitedze, Malawi
during 2003 and 2004 season. (GYG, grain yield; AD, 50% antheis; ASI, anthesis-silking
interval; PH, plant height; EPP, ears per plant; TEX, grain texture.; RL, root lodging, MOI,
moisture content).

Harare high nitrogen

This experiment was conducted in Harare (Zimbabwe) under rain fed conditions during
the 2003/2004 season. The trial was fertilized with 120 kg N ha™ and 60 kg ha™' P,0s.
Significant differences among testcrosses were observed for grain yield, anthesis date,
plant height, ears per plant, grain texture and grain moisture, and non significant for
anthesis-silking interval (Table 11). Grain yield was high with an average of 9.09 Mg ha’

!, All traits with significant differences had a range of heritability estimates from 0.33 to
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0.69. Heritability estimates were relatively high for grain yield and grain texture,
intermediate for anthesis date and plant height, and low for ears per plant and grain

moisture.

Table 11. Statistics, genotypic variance, heritability and their standard errors for
traits in testcrosses from population CML441 and CML444 evaluated under
high nitrogen fertilization at Harare, Zimbabwe in 2003 and 2004 season.

Statistics GYG AD ASI PH EPP TEX MOI
Mgha' d d cm # % 1-5
Mean 9.09 722 1.10 258 1.00 1.10 16.6
Signiﬁcance sk sk NS sk % skokok skokok
Minimum 1.70 69.2 -1.3 180 0.70 2.70 12.2
Maximum 12.51 78.1 2.80 308 1.30 4.10 19.9
LSD (5%) 2.54 10.3 2.10 26.0 0.25 0.50 3.50
CV (%) 15.3 2.10 96.0 6.14 66.3 7.70 10.6
MSE 1.94 2.30 1.10 2508  0.44 0.10 3.20
Mean (Ent. 1-50) 9.34 73.2 0.90 2600  1.05 3.50 16.5
Mean (Ent. 51-100) 8.8 722 1.30 2570  1.05 3.50 16.5
o’ 1.90 2.10 1.10 2504 048 0.10 3.20
6’6 2.15 1.40 0.00 1048  0.14 0.06 0.81
I’ (family basis) 0.69 0.57 0.00 0.46 0.37 0.60 0.33
Standard Error A’ 0.06 0.09 0.00 0.11 0.08 0.08 0.13

wA* xE * Significant at P <0.001, 0.01 and 0.05, respectively, and NS = non significant.
GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; EPP, ears per plant;
TEX, grain texture; MOI, grain moisture content.

Grain yield had high genotypic correlation with ears per plant and plant height (Table
12, Fig. 6). Generally, phenotypic correlations were lower than genotypic correlations
but showed similar trends. There was negative genotypic correlation between grain

moisture and plant height.
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Table 12. Genotypic (above diagonal) and phenotypic (below diagonal)
correlations and their standard errors (SE) for population CML441 x CML444
conducted under high nitrogen conditions in Harare, Zimbabwe during 2003

and 2004 season.

GYG AD PH EPP TEX MOI
GYG 0.08(0.17)  1.06(0.19)  0.75 (62.09) -0.22 (0.18) 0.28 (0.25)
AD  0.08(0.08) 0.33(0.23)  0.41(030)  0.06 (0.20) 0.11 (0.28)
PH  035(0.07)  0.05(0.08) 0.41(0.38)  -0.38(0.38)  -0.44(0.36)
EPP  041(541)  0.12(0.08)  0.07 (0.08) 0.08 (0.24) 0.56 (1.09)
TEX  0.04(0.08)  0.02(0.08)  0.03(0.08) 0.09 (0.08) -0.02 (0.29)
MOI  0.06(0.08)  -0.04(0.08) -0.02(0.08)  0.02(0.08)  -0.02(0.08)

GYG, grain yield; AD, 50% anthesis; PH, plant height; EPP, ears per plant; TEX, grain texture; MOI,

moisture content.
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Fig. 6. Single value decomposition biplot of standardized traits showing their correlations for
population CML441 x CML444 conducted under high nitrogen conditions in Harare,
Zimbabwe during 2003 and 2004 season. (GYG, grain yield; AD, 50% anthesis; PH, plant
height; EPP, ears per plant; TEX, grain texture; MOI, moisture content).
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This experiment was conducted under well-watered conditions at Chiredzi, Zimbabwe

during the dry season under irrigation in 2004. Water was applied to the experiment to

field capacity from planting up to physiological maturity. The trial was fertilized with

120 kg N ha™ and 60 kg ha™ P,Os. Average grain yield was 6.43 Mg ha™', however, no

significant differences were observed for any trait. This was surprising as no apparent

reason was observed that could increase the error or reduce genotypic variance (Table

13).

Genotypic and phenotypic correlations were not estimated because all the traits were not

significant. Nevertheless, single value decomposition of standardized traits indicated

high correlation between grain yield, plant height and ears per plant (Fig. 7).

Table 13. Statistics, genotypic variance, heritability and their standard errors for

traits in testcrosses from population CML441 and CML444 evaluated

under well-watered conditions at Chiredzi, Zimbabwe in 2004.

Statistics GYG AD ASI PH EPP MOI
Mg ha d d cm # %
Mean 6.43 92.76 2.02 226.6 0.96 8.81
Significance NS NS NS NS NS NS
Minimum 3.19 86.4 -2.56 135.7 0.56 7.63
Maximum 9.18 100.2 597 271.7 1.83 10.2
LSD (5%) 3.03 6.27 3.99 61.4 0.37 1.61
CV (%) 23.2 3.34 97.89 13.3 20.8 8.64
MSE 2.22 9.58 391 906.8 0.04 0.58
Mean (Ent. 1-50) 6.38 92.6 1.97 2233 0.97 8.74
Mean (Ent. 51-100) 6.50 92.8 2.07 230.2 0.95 8.88
o’ 223 9.60 391 906.8 0.04 0.58
e 0.00 0.00 0.00 0.00 0.00 0.00
1’ (family basis) 0.00 0.00 0.00 0.00 0.00 0.00
Standard Error A’ 0.00 0.00 0.00 0.00 0.00 0.00

wdk ek * Significant at P <0.001, 0.01 and 0.05, respectively, and NS = non significant.

GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; EPP, ears per plant;

MOI, grain moisture content.
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Fig.7. Single value decomposition biplot of standardized traits showing their correlations for
population CML441 x CML444 conducted under well-watered conditions at Chiredzi,
Zimbabwe in 2004. (GYG, grain yield, AD, 50% anthesis; PH, plant height; EPP, ears per
plant; ASI, antheis-silking interval; MOI, moisture content).

Chitala well-watered experiment

This experiment was conducted under irrigation conditions at Chitala (Malawi) during
the dry season in 2004. Water was applied to the experiment to field capacity from
planting up to physiological maturity. The trial was fertilized with 120 kg N ha and 60
kg ha! P,0s. Significant differences were observed for grain yield, anthesis date, plant
height and ears per plant (Table 14). Heritabilities were moderate to high for grain yield
(0.45), anthesis date (0.62), plant height (0.57) but low for ears per plant (0.29).
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Table 14. Statistics, genotypic variance, heritability and their standard errors for
traits in testcrosses from population CML441 x CML444 evaluated under well-
watered conditions at Chitala, Malawi in 2004.

Statistics GYG AD ASI PH EPP MOI
Mg ha’! d d cm # %
Mean 4.76 78 2.80 185 0.90 12.6
Significance Hokok Hokk NS Hkok Hokk NS
Minimum 2.04 74.3 -0.90 121 0.70 10.1
Maximum 7.02 83.4 5.70 206 1.10 16.4
LSD (5%) 1.69 2.90 2.70 20.0 0.30 2.70
CV (%) 17.1 1.90 47.9 6.80 15.7 10.6
MSE 0.66 2.10 1.80 121 0.02 1.80
Mean (Ent. 1-50) 5.00 78.0 2.60 187 0.90 12.8
Mean (Ent. 51-100) 4.80 77.0 2.80 184 0.90 12.7
o’ 0.64 2.10 1.90 121 0.02 1.69
o’ 0.26 1.66 0.09 79.5 0.00 0.19
h? (family basis) 0.45 0.62 0.09 0.57 0.29 0.18
Standard Error 4’ 0.12 0.08 0.19 0.09 0.15 0.18

wdk wk * Significant at P < 0.001, 0.01 and 0.05, respectively, and NS = non significant.
GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; EPP, ears per plant;
MOI, grain moisture content.

There were positive genotypic and phenotypic correlations between grain yield and plant
height and between grain yield and ears per plant. Negative correlations were observed
between grain yield and 50% anthesis date and between plant height and 50% anthesis
date (Table 15 and Fig. 8).

Table 15. Genotypic (above diagonal) and phenotypic (below diagonal)
correlations and their standard errors (SE) for population CML441 x
CML444 conducted under well-watered conditions at Chitala, Malawi in 2004.

GYG AD PH EPP
GYG -0.07 0.73 0.44
AD -0.16 -0.36 0.14
PH 0.42 -0.20 0.41
EPP 0.45 -0.04 0.17

GYG, grain yield; AD, 50% an thesis; PH, plant height; EPP, ears per plant
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Fig. 8. Single value decomposition biplot of standardized traits showing their correlations for
population CML441 x CML444 conducted under well-watered conditions at Chitala, Malawi in
2004. (GYG, grain yield, AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height;
EPP, ears per plant; MOI, moisture content).

Chitala drought experiment

The experiment was conducted during the dry season at Chitala Experimental Station
(Malawi) during 2004. Water was applied to the experiment up to field capacity from
planting until three weeks before flowering, when irrigation was withdrawn. The
intention was to induce drought stress during the flowering period. There were
significant different for grain yield, anthesis date, an thesis-silking interval and moisture
content but not for ears per plant and between the mean of the best 50 and worst

genotypes (Table 16). Heritabilities were 0.15, 0.70, 0.24, 0.63, 0.15 and 0.15 for grain
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yield, anthesis date, anthesis-silking interval, plant height, ears per plant and moisture

content, respectively.

Table 16. Statistics, genotypic variance, heritability and their standard errors for
traits in testcrosses from population CML441 x CML444 evaluated under
drought conditions at Chitala, Malawi in 2004.

Statistics GYG AD ASI PH EPP MOI
Mg ha’! d d cm # %
Mean 2.09 78.0 4.1.0 165 0.60 15.2
Signiﬁcance * sesksk sk skskk NS skskk
Minimum 0.36 71.4 -0.10 104 0.30 11.2
Maximum 3.58 83.0 7.90 196 0.90 19.2
LSD (5%) 1.32 3.80 3.40 17.0 0.40 3.00
CV (%) 30.6 2.63 47.0 6.20 28.8 10.1
MSE 0.41 4.16 3.71 111.6 0.03 2.40
Mean (Ent. 1-50) 2.08 78.3 3.90 166 0.60 15.3
Mean (Ent. 51-100) 2.09 77.5 4.30 164 0.60 15.1
o’ 0.41 4.16 3.71 112.6 0.03 2.17
o’g 0.04 4.78 0.59 96.1 0.002 1.06
/e (family basis) 0.15 0.70 0.24 0.63 0.15 0.50
Standard Error 4’ 0.19 0.06 0.17 0.08 0.18 0.11

wdk wk % Significant at P < 0.001, 0.01 and 0.05, respectively, and NS = non significant.
GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; EPP, ears per
plant; MOI, grain moisture content.

Grain yield had positive genotypic correlations with plant height (0.70) and moisture
content (0.36), and negative correlations with anthesis date (-0.40) and anthesis-silking
interval (-0.18) (Table 17, Fig. 9). Phenotypic correlations were positive between plant
height and grain yield (0.46) and moisture content (0.40) and between grain yield and

moisture content (0.61). The rest were negative.



60

Table 17. Genotypic (above diagonal) and phenotypic (below diagonal)
correlations and their standard errors (SE) for population CML441 x
CML444 conducted under drought conditions at Chitala, Malawi during 2003
and 2004 season.

GYG AD ASI PH MOI
GYG -0.40 (0.39) -0.18 (0.64) 0.70 (4.80) 0.36 (0.68)
AD -0.25 (0.07) -0.43 (0.27) -0.13 (0.16) -0.20 (0.33)
ASI -0.14 (0.07)  -0.28 (0.07) -0.28 (0.26) -0.83 (0.73)
PH 0.46 (0.23) -0.25 (0.08) -0.13 (0.08) 0.67 (0.35)
MOI 0.61 (0.05) -0.22 (0.07) -0.17 (0.07) 0.40 (0.06)
GYG, grain yield, AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; MOI, grain

moisture.
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Fig. 9. Single value decomposition biplot of standardized traits showing their correlations for
population CML441 x CML444 conducted under drought conditions at Chitala, Malawi
during 2004. (GYG, grain yield, AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant
height; EPP, ears per plant; SL, stem lodging; MOI, grain moisture).
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Chiredzi drought experiment

The experiment was conducted during the 2004 dry season at Chiredzi Experimental
Station (Zimbabwe). Water was applied to the experiment up to field capacity from
planting until three weeks before flowering when irrigation was withdrawn to induce
drought stress during the flowering period. Despite that nitrogen fertilizer was applied,
the general performance of the experiment was poor because of inherent low fertility of
the experimental site. Grain yields were very low with a mean of 0.32 Mg ha™ (range
from 0.00 to 1.29 Mg ha™") (Table 18). Heritabilities were low ranging from 0.18 for

grain yield to 0.23 for anthesis-silking interval.

Table 18. Statistics, genotypic variance, heritability and their standard errors for
traits in testcrosses from population CML441 x CML444 evaluated under
drought conditions at Chiredzi, Zimbabwe in 2004.

Statistics GYG AD ASI PH

Mg ha d d cm
Mean 0.32 98.0 10.3 143
Significance * NS NS NS
Minimum 0.00 93.6 0.86 101
Maximum 1.29 105.2 18.8 173
LSD (5%) 0.55 13.7 10.9 40.0
CV (%) 82.6 6.60 349 13.5
MSE 0.07 7.45 12.9 344
Mean (Ent. 1-50) 0.30 98.1 10.6 141
Mean (Ent. 51-100) 0.30 98.8 9.90 145
o 0.08 7.45 12.9 333
oG 0.01 0.90 1.96 0.00
W (family basis) 0.18 0.19 0.23 0.00
Standard Error 4’ 0.18 0.19 0.45 0.00

otk ok * Significant at P < 0.001, 0.01 and 0.05, respectively, and NS = non significant.
GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking; PH, plant height.

Genotypic and phenotypic correlations could not be estimated for this experiment

because most of the traits expect grain yield were not significant. Single value
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decomposition biplot shows grain yield positively correlated with ears per plant and

negatively correlated with 50% anthesis date (Fig. 10).
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Fig. 10. Single value decomposition biplot of standardized traits showing their correlations for
population CML441 x CML444 conducted under drought conditions at Chiredzi, Zimbabwe
during 2004 season. (GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking; PH, plant
height).

Results across environments

Across sites significant for grain yield

The analysis across environments was conducted for those environments that had

significant differences for grain yield in this population. These were no nitrogen
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fertilization (Chitedze), high nitrogen (Harare and Chitedze), well watered (Chitala),
drought (Chitala and Chiredzi).

Significant differences were observed among all the traits except ears per plant in the
analysis across all environments with significant differences for grain yield (Table 19).
Average grain yield was 4.63 Mg ha™'. Heritability estimates ranged from 0.10 to 0.85.
Heritabilities were relatively high for grain texture (0.85), plant height (0.52), and 100
kernel weight (0.52). Heritability for grain yield was moderate (0.50) and low for
50%anthesis date (0.10), anthesis-silking interval (0.14) and grain moisture content

(0.21).

Table 19. Statistics, averages, variance components, heriability and its standard
error for experiment CML441 x CML444 across all environments with
significant differences for grain yield Malawi and Zimbabwe in 2003 and 2004.

Statistics GYG AD ASI PH EPP  TEX MOI  GWT
Mg ha d d cm # 1-5 % g
Mean 4.63 8124 243  203.65 0.70 3.26 13.64  37.75
Signiﬁcance sk * skxk Kokk NS skokok Kokok skksk
CcV 27.01 433 6922 993 2545 0.3 9.31 17.33
o’ 1.48 11.02 307 3555 0.0003 0.11 151 3542
o’ 0.18 0.14 0.05 3578  0.0003  0.07 0.05 3.94
6 GxE 0.32 2.00 0.09 1887  0.002  0.02 0.33 433
h’ (family basis) 0.50 0.10 0.14 0.52 0.09 0.85 0.21 0.52
Standard Error 4’ 0.08 0.15 0.15 0.08 0.15 0.03 0.15 0.11

*E* x* * Significant at P <0.001, 0.01, and 0.05, respectively, NS = non-significant

GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; EPP, ears per plant;
MO, grain moisture; TEX, grain texture; GWT, 100 kernel weight.

MSE, mean square error; /°, broad sense repeatability.

Grain yield had positive genotypic and phenotypic correlations with plant height, 100
kernel weight, grain texture and moisture content. Anthesis-silking interval and 50% an

thesis date were both negatively correlated with grain yield (Table 20).
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Table 20. Genotypic (above) and phenotypic (below) correlations and their
standard errors (SE) for experiment CML441 x CML444 across all environments
significant for grain yield evaluated in Malawi and Zimbabwe in 2003 and 2004.

GYG AD ASI PH TEX MOI GWT
GYG - -0.10 0.94 0.59 0.44 0.82
(0.32) (0.32) (0.11) (0.35) (0.22)
AD -0.11 0.51 - -0.58 0.44 0.11
(0.03) (0.70) (0.23) (0.41) (0.33)
ASI -0.09 -0.28 0.17 - 0.73
(0.03) (0.03) (0.30) (2.97)
PH 0.31 -0.06 -0.03 0.54 0.54 0.80
(0.03) (0.03) (0.03) (0.12) (0.34) (0.22)
TEX 0.21 -0.12 -0.03 0.18 0.15 0.23
(0.05) (0.04) (0.04) (0.05) (0.27) (0.19)
MOI 0.04 0.18 -0.02 0.05 -0.01 0.09
(0.33) (0.03) (0.03) (0.03) (0.04) (0.32)
GWT 0.11 -0.03 0.10 0.10 0.15( 0.08
(0.04) (0.04) (0.04) (0.04) 0.05) (0.04)

GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; TEX, grain texture;
MOI, moisture content; GWT, 100 kernel weight.

Across high N environments

Significant differences were observed for grain yield, plant height, ears per plant and
moisture content in analysis across optimal nitrogen fertilization under rain fed
conditions in Malawi and Zimbabwe during the 2003/2004 season (Table 21 and
Appendix B). Moderate heritabilities were observed for grain yield (0.55) and plant
height (0.57). Heritabilities for other traits were low.
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Table 21. Statistics, averages, variance components, heriability and its standard
error for experiment CML441 x CML444 across high nitrogen conditions in
Malawi and Zimbabwe in 2003 and 2004.

Statistics GYG AD ASI PH EPP MOI GWT
Mg ha’! d d cm # % g
Mean 6.82 74.70 0.84  228.02 0.84 15.81 39.53
Significance HoHk NS NS HoHk * HoHk NS
Ccv 21.23 2.83 136.67  6.77 19.00 9.03 15.26
o’ 6.98 5.40 1.44 824.5 0.04 3.41 33.36
o'g 1.24 0.07 0.00 146.09 0.003 0.19 0.74
O GrE 0.00 0.38 0.06 0.00 0.00 0.30 1.33
h? (family basis) 0.55 0.03 0.00 0.57 0.21 0.14 0.05
Standard Error A’ 0.06 0.11 0.00 0.06 0.08 0.10 0.18

*Hk % * Significant at P < 0.001, 0.01, and 0.05, respectively, NS = non-significant

GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; EPP, ears per plant;
MOI, grain moisture; TEX, grain texture; GWT, 100 kernel weight.

MSE, mean square error; 4°, broad sense repeatability.

Across drought environments

No significant differences were observed for any trait except grain moisture and 100
kernel weight in analysis across environments with drought stress (Table 22 and
Appendix C). Average grain yield was very low (1.15 Mg ha™). In addition, heritabilities

were very low and ranged from 0.00 to 0.37.
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Table 22. Statistics, averages, variance components, heritability and its standard
error for experiment CML441 x CML444 across drought stressed
environments in Malawi and Zimbabwe in 2003 and 2004.

Statistics GYG AD ASI PH EPP MOI GWT
Mg ha’! d d cm # % g
Mean 1.15 87.85 5.70 156.78  0.44 1462 3633
Significance NS NS NS NS NS * *
Cv 52.51 5.82 41.79 11.93 4511 1048  22.81
o’ 0.40 33.73 8.94 399.05  0.04 4.30 106.4
olg 0.003 0.00 0.00 4.26 0.001 0.00 20.10
O GxE 0.02 5.33 1.65 1294  0.001 0.93 0.18
h’ (family basis) 0.02 0.00 0.00 0.03 0.05 0.00 0.37
Standard Error 4’ 0.11 0.00 0.00 0.11 0.11 0.00 0.13

*Hk % * Significant at P < 0.001, 0.01, and 0.05, respectively, NS = non-significant

GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; EPP, ears per plant;
MOI, grain moisture; GWT, 100 kernel weight.

MSE, mean square error; 4°, broad sense repeatability.

Correlations among traits across environments and stresses

Across all environments

There were positive phenotypic correlations between grain yield and ears per plant, 100
kernel weight and plant height across all environments including stressed and non
stressed environments (Fig. 11). Flowering time (50 % anthesis date) and grain moisture

were also closely correlated.
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Fig. 11. Single value decomposition biplot for different traits for experiment CML441 x CML444
across all environments in Malawi and Zimbabwe in 2003 and 2004. (GYG, grain vyield; AD,
50% anthesis; ASI, anthesis-silking interval; PH, plant height; EPP, ears per plant; MOI, grain
moisture; TEX, grain texture; GWT, 100 kernel weight).

Correlations across high N environments

Positive phenotypic corrections were observed among grain yield, plant height and ears
per plant (Fig. 12). Grain yield was negatively correlated with anthesis-silking interval

and anthesis date.
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Fig. 12. Single value decomposition biplot across high nitrogen environments for experiment
CML441 x CML444 across high nitrogen conditions in Malawi and Zimbabwe in 2003 and
2004. (GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height;
EPP, ears per plant; MOI, grain moisture; TEX, grain texture; GWT, 100 kernel weight).

Correlations across drought environments

High positive correlations were observed between grain yield and plant height and ears

per plant (Fig. 13). Anthesis-silking interval, grain moisture and anthesis date were

negatively correlated with grain yield.
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Fig. 13. Single value decomposition biplot for different traits across drought environments for
experiment CML441 x CML444 across drought conditions in Malawi and Zimbabwe in 2003
and 2004. GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height;
EPP, ears per plant; MOI, grain moisture; TEX, grain texture; GWT, 100 kernel weight.

Relationships among environments for grain yield

The AMMI biplot for grain yield showed that low nitrogen, high nitrogen and no
fertilizer environments discriminated testcrosses similarly. Drought and well-watered
environments were also closely related. This scenario was common in both Malawi and

Zimbabwe (Fig. 14).
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Fig. 14. AMMI biplot for grain yield showing the relationship among environments for experiment
CML441 x CML444 across all environments in Malawi and Zimbabwe in 2003 and 2004. (Low
N, low nitrogen; WW MLW, well-watered Malawi; WW ZM, well-watered Zimbabwe, NO
FERT, no nitrogen fertilization; DRT MLW, drought Malawi; DRT ZM, drought Zimbabwe;
HN MLW, high nitrogen Malawi; HN ZM, high nitrogen Zimbabwe).
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Table 23. Genotypic (above diagonal) and phenotypic (below diagonal)
correlations among environments and their standard errors (SE) for
experiment CML441 x CML444 across all environments in Malawi and
Zimbabwe in 2003 and 2004.

Environment NOFR HNZM HNMLW HNZM WWMLW WWZ DRTMW DRTZM
T M

Chitedze no S 1.77 0.82 0.27 (0.42) - -0.04 -0.39

fertilization (1.13) (0.16) (0.69) (0.42)

(NOFRT)

Harare low N 0.03 - - - - - -

(HNZM) (0.07)

Chitedze high N 0.18 - 2.07 -0.06 - -2.22 0.48

(HNMLW) 0.07) (1.21) (0.80) (3.93) (0.86)

Harare high N 0.32 - 0.37 -0.03 - -0.41 -0.64

(HNZM) (0.07) (0.06) (0.31) (0.81) (0.37)

Chitala well-watered 0.03 0.05 0.11 0.08 - -0.71 -1.56

(WWMLW) (0.07)  (0.07) (0.07) (0.07) (0.75) (2.51)

Chiredzi well- - - - - - - -

watered

(WWZM)

Chitala drought 0.01 -0.03 0.09 -0.04 -0.01 - -0.05

(DRTMW) (0.07)  (0.07) 0.07) (0.07) (0.07) (1.13)

Chiredzi drought -0.02 - -0.04 -0.13 -0.06 - 0.04

(DRTZM) (0.07) (0.07) (0.07) (0.07) (0.07)

*No estimable because one or the two traits were non significant at any environment

Expected genetic gain

Estimates of heritabilities and genetic variances were used to compute genetic gain for
both direct (selection in one environment or stress to improve performance in that
environment or stress) and indirect (selection in one environment or stress to improve
performance in another environment and stress). Genetic gain estimates for direct
selection were variable across environments and stresses as consequence of variable
heritabilities and genetic variance displayed (Tables 23 and 24). Greater genetic gains
were for environments Harare high nitrogen and Chitedze no fertilization. Low and

drought stressed environments had low values for expected genetic gain.
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Table 24. Expected genetic gain for grain yield (Mg ha™) per environment for
population CML 441 x CML 444 evaluated in Malawi and Zimbabwe in
2003 and 2004 assuming selection of the best 10%.

Gen. Genetic
Environment Mean Error variance h? Gain (R)
Chitedze no fertilization 5.43 1.78 0.78 0.47 1.06
Harare low N 2.10 0.62 0.00 0.00 0.00
Chitedze high N 4.53 2.20 0.19 0.15 0.30
Harare high N 9.09 1.90 2.15 0.69 2.13
Chiredzi well-watered 6.43 2.23 0.00 0.00 0.00
Chitala well-watered 4.76 0.64 0.26 0.45 0.60
Chitala drought 2.09 0.41 0.04 0.15 0.14
Chiredzi drought 0.32 0.08 0.01 0.18 0.07
Average across environments 4.32 1.28 0.14 0.26 0.54

Gen., genetic; A°, broad sense repeatability.

Expected genetic gain across all environments was 0.54 Mg ha™' (Table 25). The highest

genetic gain corresponded to environments across high nitrogen (1.45 Mg haha™).

Table 25. Expected genetic gain for grain yield (Mg ha™) across environments and
stresses for population CML 441 x CML 444 evaluated in Malawi and

Zimbabwe in 2003 and 2004 assuming selection of the best 10%.

Gen. GxE Genetic
Environment Mean Error  variance variance h? Gain (R)
Across all environments 4.32 1.28 0.14 0.00 0.26 0.54
Across high N 6.82 6.98 1.24 0.00 0.55 145
Across well-watered 5.63 2.47 0.08 0.00 0.10 0.16
Across drought 1.15 0.40 0.003 0.02 0.02 0.01

Gen., genetic; A’, broad sense repeatability.

Estimates of correlated response for indirect selection were also variable depending on

the genetic correlation between selection and target environments as well as their

heritabilities (Table 26). The highest correlated response was for selection under high

nitrogen environments to improve environment with no nitrogen fertilization (0.39 Mg
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ha). This response could be misleading as the no nitrogen fertilized environment did
not have nitrogen stress, which means selecting under high nitrogen for another high
nitrogen environment. A positive correlated response was estimated for selection under
drought to improve yield at high nitrogen environments (0.23 Mg ha™). Negative
correlated response was estimated when selection was done under well-watered
conditions for drought and no nitrogen fertilization (-0.18 and -0.02 Mg ha™,
respectively) and very low response when selection was done under well-watered
conditions to improve yield under no nitrogen fertilization (0.02 Mg ha™'). These results

suggest that for this population, direct selection is more effective than indirect selection.

Table 26. Correlated response estimates for indirect selection for different
environments and stresses for experiment CML441 x CML444 in Malawi and
Zimbabwe in 2003 and 2004.

Selection under Response in Correlated Response (Mg ha ™)

Well-watered Drought -0.18
Well-watered high nitrogen 0.12
Well-watered no fertilization -0.02
High nitrogen no fertilization 0.39
Drought high nitrogen 0.23
Drought no fertilization -0.02

Preliminary assessment of MAS efficiency in testcrosses

In order to assess the efficiency of marker-assisted selection in selecting drought tolerant
genotypes, a contrast was conducted between the means of the first 50 testcrosses
selected for favorable alleles at consistent QTL and the mean of the last 50 testcrosses
selected for unfavorable alleles at the same QTL. There were significant differences
between the two groups in few environments (under no nitrogen fertilization, under low

nitrogen, and well-watered conditions at Chitala (Malawi) (Table 27). No significant
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differences between the two groups were observed in other environments or across

environments.

Table 27. Grain yield means for the first and last 50 entries, their differences and
significances at single environments and across environments for experiment
CML441 x CML444 conditions in Malawi and Zimbabwe in 2003 and 2004.

Environment Mean (Ent. 1-50) Mean (Ent. 51-100) Difference  Significance
Grain yield (Mg ha')  Grain yield (Mg ha™)

Chitedze no fertilization 5.77 5.09 0.69 *
Harare low N 2.21 2.01 0.20 *
Chitedze high N 4.88 4.20 0.68 *
Harare high N 9.34 8.88 0.46 NS
Chiredzi well-watered 6.38 6.50 -0.12 NS
Chitala well-watered 5.00 4.80 0.20 *
Chitala drought 2.08 2.09 -0.01 NS
Chiredzi drought 0.30 0.30 0 NS
Average across locations 4.44 4.20 0.24 NS
Average High N 7.06 6.58 0.48 NS
Average Well-watered 5.67 5.63 0.04 NS
Average Drought 1.15 1.15 0 NS

Selection of the best five entries for each environment was conducted based on the
highest yielding testcrosses to assess which group of testcrosses (best or worst)
contributed most to the 5 highest yielding testcrosses. There were a mixed group of
testcrosses from both groups across all the environments. It was surprising to note that
under drought conditions at Chiredzi and Chitala the highest yielding testcrosses came
from the worst group (entries 53 and 85 respectively). However, some testcrosses
showed some consistency in being among the best high yielding testcrosses. These were
entry 27 under well-watered conditions, entry 16 under high nitrogen, and entry 30 under

drought. All these entries came from the best group of testcrosses (Table 28).
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Table 28. Top 5 entries for grain yield at single environment and across
environments for experiments CML441 x CML444 conditions in Malawi and
Zimbabwe in 2003 and 2004.

Environment Best 5 entries for grain yield
Chitedze no fertilization 25, 79, 96, 5, 3
Harare low N 68,675,36,16
Chitedze high N 1,12, 16, 33, 69
Harare high N 98, 76, 78, 75, 16
Chiredzi well-watered 53,27, 30, 74, 60
Chitala well-watered 26,27,11, 36,57
Chitala drought 85, 30, 73, 35, 67
Chiredzi drought 53,27, 30,74, 61
Average across locations 51, 50, 97, 24, 63
Average High N 16,1, 76, 79, 69
Average Well-watered 24,94, 10, 14, 65
Average Drought 13,11,92,9, 81

Drought (DTI) and nitrogen (NTI) tolerance indices were estimated in order to identify
testcrosses that reduce less their performances under stressed conditions relative to
unstressed conditions at the same locations. Testcrosses that maintain a good
performance under stress are good sources for drought tolerance genes. The average DTI
for the first and last 50 entries was 56.0 and 55.3 in Malawi and 94.7 and 94.9 in
Zimbabwe, respectively (Appendix M). The average NTI for the first and last 50 entries
was 76.4 and 76.8, respectively (Zimbabwe). The testcrosses with the best DTU and
NTI indices came from both groups (Table 29).

Table 29. Best testcrosses based on drought and nitrogen tolerance indices at two
locations for CML441 x CML444 evaluated in Malawi and Zimbabwe in 2003
and 2004 season.

Parameter Zimbabwe Malawi
DTI 29, 50, 42, 87, 68 85,42, 51, 35, 24
NTI 97,68, 14,6, 77 -
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Population CML440/COMPE

Results per environment

Chitedze no nitrogen fertilization

This experiment was conducted under no nitrogen fertilization and rain fed conditions at
Chitedze Research Station (Malawi) during the 2003/2004 season. The purpose was to
induce low N stress, however, the nitrogen content in the soil was higher than expected
and no stress was apparent. Grain yield average was 3.85 Mg ha' (range 2.05 to 6.74
Mg ha) (Table 30). There were no significant differences for all the traits except for
100 kernel weight . Heritabilities were 0.09 and 0.30 for moisture content and 100 grain
weight while the other traits had zeros. Average grain yield for the first 50 testcrosses

was not significantly greater than the average for the last 50 testcrosses (Table 30).

Genotypic correlations were not estimated because of the non significance of the traits.
Phenotypic correlations were estimated using single value decomposition of the
standardized traits. Grain yield was positively correlated with plant height, root lodging
and surprisingly with anthesis-silking interval but was negatively correlated with

anthesis date (Fig. 15).
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Table 30. Statistics, genotypic variance, heritability and their standard errors for
traits in testcrosses from population CML440 x COMPE evaluated under no
nitrogen fertilization at Chitedze, Malawi in 2003 and 2004.

Statistics GYG AD ASI PH EPP MOI TEX GWT
Mg ha™! d d cm # % 1-5 g
Mean 3.85 67.9 1.0 218.0 0.90 15.0 29  39.00
Significance NS NS NS NS NS NS NS ok
Minimum 2.05 65.0 -0.5 192.0 0.70 134 2,00 208
Maximum 6.74 71.7 3.9 271.0 1.40 16.6  4.00 49.1
LSD (5%) 2.02 4.4 22 34.0 030 2.00 0.90 11.6
CV (%) 22.8 2.96 105.3 7.40 460 320 336 501
MSE 0.77 4.03 1.1 262.0 0.01 0.23 095 24.11
Mean (Ent. 1-50) 3.84 67.8 1.0 215.0 1.00 1490 290  39.1
Mean (Ent. 51-100) 3.85 68.0 1.0 220.0 090 1510 290 5.01
o’ 0.77 4.03 1.08 245.5 0.01 0.23 0.95 24.10
o’ 0.00 0.00 0.00 0.00 0.00  0.05 0.00  5.09
h’ (family basis) 0.00 0.00 0.00 0.00 0.00 0.09 000 0.30
Standard Error 4’ 0.00 0.00 0.00 0.00 0.00 020 0.00 0.17

*E* xx * Significant at P < 0.001, 0.01 and 0.05, respectively, and NS = non significant.
GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; EPP, ears per plant;
MOI, grain moisture content; TEX, grain texture; GWT, 100 kernel weight.
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Fig. 15. Single value decomposition biplot of standardized traits showing their
correlations for population CML440 x COMPE evaluated under no nitrogen fertilization at
Chitedze, Malawi in 2003 and 2004 season. (AD; 50% anthesis; ASI, anthesis-silking interval;
GYG, grain yield; PH, plant height; EPP, ears per plant; EPO, ear position; RL, root lodging;
SL, stem lodging, MOI, moisture content and TEX, grain texture).
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Harare low nitrogen experiment

This experiment was conducted under low nitrogen conditions in Harare (Zimbabwe)
under rainfed conditions during the 2003/2004 season. The trial did not receive any
nitrogen fertilization but only 60 kg ha™ P,Os. Significant differences were observed for
all the traits except anthesis silking interval (Table 31). Mean values of the best 50
genotypes and 50 worst genotypes were not significantly different. Heritabilities
estimates were generally moderate with grain yield having the highest heritability of
0.35, followed by plant height (0.28), 0.25 for 50% anthesis date and the lowest was

from anthesis-silking interval (0.07).

Table 31. Statistics, genotypic variance, heritability and their standard errors for
traits in testcrosses from population CML440 x COMPE evaluated under low
nitrogen at Harare, Zimbabwe in 2003 and 2004.

Statistics GYG AD ASI PH
Mg ha™! d d cm
Mean 1.81 81.0 -0.20 204
Significance * ok NS *
Minimum 0.39 73.4 -5.20 147
Maximum 3.40 84.4 2.40 216
LSD (5%) 1.55 4.10 3.20 27.0
CV (%) 48.95 2.40 76.8 6.10
MSE 0.58 3.90 2.40 157
Mean (Ent. 1-50) 1.80 78.20 -0.30 198
Mean (Ent. 51-100) 1.90 78.3 -0.10 197
o’ 0.58 4.16 2.69 160.4
o’ 0.15 69.0 0.10 31.6
i’ (family basis) 0.35 0.25 0.07 0.28
Standard Error 4’ 0.15 0.17 0.19 0.10

woak Ak % Significant at P < 0.001, 0.01 and 0.05, respectively, and NS = non significant.
GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height.

Anthesis date had a positive genotypic correlation with plant height (0.63) while grain
yield had negative genotypic correlations with plant height (-0.18) and anthesis date (-
0.11). Phenotypic correlations were positive between grain yield and plant height (0.19)
but negative between grain yield and 50% anthesis date (-0.25) and between plant height
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and anthesis date (-0.17) (Table 32 and Fig.16). Genotypic correlations ranged from -
0.11 to 0.63 while phenotypic correlations were from -0.17 to 0.12.

Table 32. Genotypic (above diagonal) and phenotypic (below diagonal) correlations
and their standard errors (SE) for population CML440 x COMPE conducted under
low nitrogen conditions in Harare, Zimbabwe during 2003 and 2004.

GYG AD PH
GYG 0.11(0.56)  -0.18 (0.51)
AD -0.25 (0.07) 0.63 (0.23)
PH 0.19 (0.08)  -0.17 (0.01)

GYG, grain yield; AD, 50% anthesis; PH, plant height

ASI

0.6

Fig. 16. Single value decomposition biplot of standardized traits showing their correlations
for population CML440 x COMPE evaluated under low nitrogen fertilization in Harare,
Zimbabwe in 2003 and 2004 . (AD; 50% anthesis; GYG, grain yield; ASI, anthesis-silking
interval; PH, plant height).
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Chitedze high nitrogen fertilization

This experiment was conducted at Chitedze Research Station (Malawi) during the
2003/2004 season under rain fed conditions. The experiment was fertilized with 120 kg
N ha™ and 60 kg P,Os ha. Grain yield average was 5.56 Mg ha (range 3.58 to 7.34
Mg ha™) (Table 33).

Table 33. Statistics, genotypic variance, heritability and their standard errors for
traits in testcrosses from population CML440 x COMPE evaluated under high
nitrogen fertilization at Chitedze, Malawi in 2003 and 2004.

Statistics GYG AD ASI PH EPP TEX GWT
Mg ha d d cm # 1-5 g

Mean 5.56 73.0 0.4 218.0 0.80 3.20 43.70
Significance NS NS NS ok NS NS NS

Minimum 3.58 69.6 -2.80 181.0 0.30 2.40 38.1

Maximum 7.34 75.8 4.40 249.0 1.10 4.10 51.1

LSD (5%) 248 4.5 3.20 26.0 0.30 0.80 7.30
CV (%) 23.20 35 38.7 7.10 18.8 6.30 8.20
MSE 1.67 6.5 2.40 245.0 0.02 0.20 12.9
Mean (Ent. 1-50) 5.70 72.5 0.50 217.0 0.80 3.10 43.5
Mean (Ent. 51-100) 5.42 72.8 0.40 219.0 0.70 3.20 43.8
o’ 1.47 4.40 2.37 205.5 0.03 0.15 12.57
6’6 0.00 0.00 0.00 12.0 0.00 0.001 0.00
1’ (family basis) 0.00 0.00 0.00 0.11 0.00 0.02 0.00
Standard Error A’ 0.00 0.00 0.00 0.20 0.00 0.20 0.00

wdk k% Significant at P <0.001, 0.01 and 0.05, respectively, and NS = non significant.
GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; EPP, ears per plant;
MOI, moisture content; TEX, grain texture; GWT, 100 kernel weight.

The mean of the first 50 testcrosses was significantly higher than the mean of the last 50
testcrosses. All the traits were not significantly different except for plant height.
Surprisingly, even the heritabilities were also very low. Genotypic correlations were not
estimated because of the non significance of the traits. Phenotypic correlations were
estimated using single value decomposition of the standardized traits. These showed that
there was a positive correlation between grain texture and 100 grain weight, and between

grain yield and ears per plant. There was a negative phenotypic correlation between
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anthesis date and anthesis-silking interval and between anthesis-silking interval and

grain yieldt (Fig. 17).
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Fig. 17. Single value decomposition biplot of standardized traits showing their correlations for
population CML440 x COMPE conducted under high nitrogen conditions at Chitedze, Malawi
in 2003 and 2004. (AD; 50%anthesis date; ASI, anthesis-silking interval; GYG, grain yield; PH,
plant height; EPP, ears per plant; MOI, moisture content ; TEX, grain texture).
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Harare high nitrogen fertilization

This experiment was conducted under rain fed conditions in Harare (Zimbabwe) during
the 2003/2004 season. It was fertilized with 120 kg N ha™ and 60 kg P,Os ha™'. Average
grain yield was 8.02 Mg ha™' (range 5.73 to 9.77 Mg ha™). Significant differences were
observed for grain yield only but not for the other traits. Heritability for grain yield was

0.33, and very low or O for the other traits (Table 34).

Using single decomposition biplots of standardized traits (Fig.18), phenotypic
correlations were estimated. This showed that there were weak phenotypic correlations

amongst all the traits, which is explained by the non significant differences for the traits.
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Fig. 18. Single value decomposition biplot of standardized traits showing their correlations for
population CML440 x COMPE conducted under high nitrogen conditions in Harare, Zimbabwe
during 2003 and 2004. (AD; 50% anthesis; ASI, anthesis-silking interval; GYG, grain yield; PH,
plant height; MOI, moisture content).
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Table 34. Statistics, genotypic variance, heritability and their standard errors for
traits in testcrosses from population CML440 x COMPE evaluated under high
nitrogen fertilization in Harare, Zimbabwe in 2003 and 2004.

Statistics GYG AD ASI PH MOI
Mg ha™! d d cm #

Mean 8.02 69.5 1.20 241 12.6
Significance * NS NS NS NS

Minimum 5.73 66.0 -1.60 218 8.10
Maximum 9.77 72.8 4.60 267 15.2
LSD (5%) 2.12 3.20 2.50 26.0 3.20
CV (%) 13.02 2.30 105.9 5.30 13.2
MSE 1.09 2.60 1.60 164 2.76
Mean (Ent. 1-50) 8.09 69.6 1.10 241 12.5
Mean (Ent. 51-100) 7.96 68.4 1.20 241 12.7
o% 1.10 2.42 1.54 161.6 2.76
cszg 0.27 0.11 0.00 20.4 0.33
h? (family basis) 0.33 0.08 0.00 0.20 0.19
Standard Error 4’ 0.14 0.19 0.00 0.17 0.17

*E* x% * Significant at P < 0.001, 0.01 and 0.05, respectively, and NS = non significant.
GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height;
MOI, grain moisture content.

Chitala well-watered experiment

This experiment was conducted under well-watered conditions at Chitala (Malawi)
during the dry season under irrigation in 2004. Water was applied to the experiment to
field capacity from planting up to physiological maturity. The trial was fertilized with
120 kg N ha™ and 60 kg ha” P,0s. Significant differences were observed for 50%
anthesis date and plant height only and not for the other traits. However, there were no
significant differences between the mean of the first 50 and last 50 testcrosses.
Heritabilities were moderate for 50% anthesis date (0.46) and plant height (0.42) but low
for moisture content (0.26) and 0.01 for grain yield (Table 35).
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Table 35. Statistics, genotypic variance, heritability and their standard errors for
traits in testcrosses from population CML440 x COMPE evaluated under
well-watered conditions at Chitala, Malawi in 2004.

Statistics GYG AD ASI PH EPP MOI
Mg ha™! d d cm # %
Mean 3.80 73.7 2.70 166.0 0.70 12.6
Significance NS HoHE NS oAk NS NS
Minimum 1.80 69.9 -1.80 123.0 0.30 10.6
Maximum 6.09 79.3 8.60 188.8 1.00 15.1
LSD (5%) 1.98 4.24 3.90 21.3 0.04 23.1
CV (%) 234 2.80 73.1 12.0 28.4 10.3
MSE 0.79 428 3.90 113.8 0.04 1.70
Mean (Ent. 1-50) 3.87 73.7 2.60 166.0 0.70 12.6
Mean (Ent. 51-100) 3.74 73.6 2.90 166.0 0.70 12.7
o’ 0.84 3.81 3.62 113.7 0.03 1.69
ot 0.01 1.62 0.00 40.6 0.00 0.26
h’ (family basis) 0.01 0.46 0.00 0.42 0.00 0.26
Standard Error A’ 0.23 0.12 0.00 0.14 0.00 0.16

*E* x% * Significant at P < 0.001, 0.01 and 0.05, respectively, and NS = non significant.
GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; EPP, ears per plant;
MOI, moisture content.

Genotypic correlation was conducted for 50% anthesis date and plant height because
they were the only traits that were significantly different. Positive genotypic (1.04) and
phenotypic correlations (0.01), were observed between the two traits although the
phenotypic correlation was weak. Grain yield was positively correlated with eras per
plant but these were negatively correlated with anthesis-silking interval and 50%

anthesis date (Fig.19).
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Fig. 19. Single value decomposition biplot of standardized traits showing their correlations for
population CML440 x COMPE conducted under well-watered conditions at Chitala, Malawi in
2004. (AD; 50% anthesis; ASI, anthesis-silking interval; GYG, grain yield; PH, plant height;

EPP, ears per plant; MOI, moisture content).
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Chiredzi well-watered experiment

This experiment was conducted under well-watered conditions at Chiredzi (Zimbabwe)
during the dry season under irrigation in 2004. Water was applied to the experiment to
field capacity from planting up to physiological maturity. The trial was fertilized with
120 kg N ha™ and 60 kg ha” P,Os. Mean grain yield was 4.77 Mg ha™ (ranged from
3.51 to 6.09 Mg ha). There were no significant differences for all the traits except
moisture content. The mean of the first 50 testcrosses was also not significantly different
from the mean of the other 50 testcrosses. Heritabilities were very low, they ranged from
zero to to 0.11 for grain yield (Table 36). This scenario was also observed in the other

populations when evaluated at the same environment.

Lack of significant differences for all but one trait resulted in genotypic correlations not
being estimated. However, phenotypic correlations were estimated using single value
decomposition biplot of standardized traits. There were positive phenotypic correlations
between grain yield and ears per plant and surprisingly between grain yield and anthesis-
silking interval, which are normally negative. Negative correlations were observed
between grain yield and 50% anthesis date and between 50% anthesis date and anthesis-

silking interval (Fig. 20).
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Table 36. Statistics, genotypic variance, heritability and their standard errors for
traits in testcrosses from population CML440 x COMPE evaluated under well-
watered conditions at Chiredzi, Zimbabwe in 2004.

Statistics GYG AD ASI PH EPP MOI SEN
Mg ha’! d d cm # % %
Mean 477 99.5 -0.81 183.0 1.00 10.5 67.9
Significance NS NS NS NS NS HE NS
Minimum 3.51 96.9 -3.33 189.0 0.80 7.80 55.3
Maximum 6.09 101.9 2.76 272.0 1.20 13.4 83.5
LSD (5%) 1.30 3.36 2.89 30.0 0.20 15.6 15.6
CV (%) 30.7 1.70 183.5 47.9 9.2 15.2 10.5
MSE 0.40 3.33 221 503.4 0.01 1.70 51.0
Mean (Ent. 1-50) 4.75 99.2 -0.50 183.0 1.00 10.6 67.1
Mean (Ent. 51-100) 4.79 98.7 -0.80 185.0 1.00 10.5 68.6
o’ 0.38 3.10 2.21 2422 0.01 1.82 51.0
6’6 0.02 0.00 0.12 0.00 0.00 0.00 0.00
1’ (family basis) 0.11 0.00 0.09 0.00 0.00 0.00 0.00
Standard Error 4’ 0.19 0.00 0.18 0.00 0.00 0.00 0.00

*E* x% * Significant at P < 0.001, 0.01 and 0.05, respectively, and NS = non significant.
GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; EPP, ears per plant;
MOI, grain moisture content; GWT, 100 kernel weight; SEN, leaf senescence.
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Fig. 20. Single value decomposition biplot of standardized traits showing their correlations for
population CML440 x COMPE conducted under well-watered conditions at Chiredzi, Zimbabwe in
2004. (AD; 50% anthesis; ASI, anthesis-silking interval; GYG, grain yield; PH, plant height; EPP,
ears per plant; MOI, moisture content; SEN, leaf senescence).
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Chitala drought experiment

The experiment was conducted during the dry season of 2004 at Chitala Experimental
Station (Malawi). Water was applied to the experiment up to field capacity from planting
until three weeks before flowering. The intention was to induce drought stress during the
flowering period. There were significant differences for grain yield, anthesis date, plant
height and ears per plant but not for anthesis-silking interval and between the mean of
the best 50 and worst testcrosses (Table 37). Heritabilities were 0.26, 0.10, 0.03, 0.25
and 0.41 for grain yield, anthesis date, anthesis silking interval, plant height and ears per

plant, respectively.

Table 37. Statistics, genotypic variance, heritability and their standard errors for
traits in testcrosses for population CML440 x COMPE evaluated under drought
conditions at Chitala, Malawi in 2004.

Statistics GYG AD ASI PH EPP
Mg ha’! d d cm #
Mean 2.56 75.6 3.50 171.0 0.70
Significance Hox oAk NS ok oAk
Minimum 0.92 70.2 -0.90 155.0 0.40
Maximum 4.27 83.5 8.30 192.0 1.30
LSD (5%) 1.45 5.80 4.30 21.0 0.30
CV (%) 16.7 3.83 57.1 6.70 31.9
MSE 0.43 8.30 4.00 130.6 0.05
Mean (Ent. 1-50) 2.60 75.6 3.40 172.0 0.70
Mean (Ent. 51-100) 2.50 75.6 3.40 171.0 0.70
o’ 0.46 8.25 4.03 130.6 0.03
6’6 0.08 0.48 0.07 21.98 0.01
1’ (family basis) 0.26 0.10 0.03 0.25 0.41
Standard Error A’ 0.17 0.21 0.21 0.17 0.14

wdk ek * Significant at P < 0.001, 0.01 and 0.05, respectively, and NS = non significant.
GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; EPP, ears per plant.

Positive genotypic correlations were observed between grain yield and plant height
(0.43) and ears per plant (0.65) and between 50% anthesis date and plant height (1.05)
and between plant height and ears per plant (0.51) but was negative between grain yield
and 50% anthesis date (-0.78). Positive phenotypic correlations were observed between

grain yield and ears per plant (0.54) and plant height (0.25), and between plant height
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and ears per plant (0.30). The rest were negative (Table 38). Genotypic correlations
ranged from -1.17 to 1.05 while phenotypic correlations were from -0.27 to 0.54 (Table
38 and Fig. 20).

Table 38. Genotypic (above diagonal) and phenotypic (below diagonal ) correlations
and their standard errors (SE) for population CML440 x COMPE
conducted under drought conditions at Chitala, Malawi during 2003 and

2004.
GYG AD PH EPP
GYG 0.78 (0.88)  0.43 (2.42) 0.65 (0.27)
AD -0.27 (0.07) 1.05 (1.60) -1.19 (1.22)
PH 0.25(0.22)  -0.19 (0.07) 0.51 (0.41)
EPP 0.54 (0.06)  -0.10(0.08)  0.30 (0.07)

GYG, grain yield, AD, 50% anthesis; PH, plant height; EPP, ears pr plant.
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Fig. 21. Single value decomposition biplot of standardized traits showing their correlations for
population CML440 x COMPE conducted under drought conditions at Chitala, Malawi in 2004.
(AD; 50% anthesis; ASI, anthesis-silking interval; GYG, grain yield; PH, plant height; EPP,
ears per plant).

Chiredzi drought experiment

The experiment was conducted during the dry season of 2004 at Chiredzi Experimental
Station (Zimbabwe). Water was applied to the experiment up to field capacity from
planting until three weeks before flowering. The intention was to induce drought stress
during the flowering period. Despite that nitrogen fertilizers were applied to this
experiment, the general performance was poor because of inherent low fertility of the
experimental site. Grain yields were very low. Mean yield was 1.81 Mg ha™' with a range
from 0.07 to 3.67 Mg ha™' (Table 39). Heritabilities were low ranging from 0.02 to 0.30
for grain yield and ears per plant. Estimates of genotypic and phenotypic correlations,
showed that there were strong and positive genotypic and phenotypic correlations
between grain yield and ears per plant (1.84 and 0.51 respectively) but were negative
between grain yield and grain texture (-0.15) and moisture content (-0.06). Moisture

content and grain texture had also strong genotypic correlations (0.88). Most traits had
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negative phenotypic correlations except between grain moisture and texture which was

positive (0.05) Table 40 and Fig.21).

Table 39. Statistics, genotypic variance, heritability and their standard errors for
traits in testcrosses from population CML440 x COMPE evaluated under
drought conditions at Chiredzi, Zimbabwe in 2004.

Statistics GYG AD ASI PH EPP TEX MOI
Mg ha’! d d cm # 1-5 %
Mean 1.81 98.0 2.30 184.0 0.70 3.10 9.90
Significance *x NS NS NS HoHE oAk oAk
Minimum 0.07 94.6 -0.90 143 0.20 2.60 8.10
Maximum 3.67 100.8 7.0 211 1.10 3.60 12.2
LSD (5%) 1.40 13.7 4.30 32.0 0.30 0.50 1.60
CV (%) 39.8 1.72 87.1 7.90 10.2 304.2 6.55
MSE 0.52 2.86 4.01 209 0.03 0.10 0.42
Mean (Ent. 1-50) 1.88 97.4 2.35 186.2 0.70 3.10 9.97
Mean (Ent. 51-100) 1.73 97.8 2.15 181.8 0.64 3.13 9.79
o 0.52 2.86 4.01 205.6 0.03 0.07 0.42
o’ 0.01 0.36 0.00 36.7 0.10 0.06 0.06
h? (family basis) 0.02 0.20 0.00 0.26 0.30 0.16 0.22
Standard Error A’ 0.24 0.17 0.00 0.16 0.17 0.17 0.25

otk ok * Significant at P < 0.001, 0.01 and 0.05, respectively, and NS = non significant.
GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking; PH, plant height; EPP, ears per plant; TEX,
grain texture; MOI, moisture content.

Table 40. Genotypic (above diagonal) and phenotypic (below diagonal) correlations
and their standard errors (SE) for population CML440 x COMPE conducted
under drought conditions at Chiredzi, Zimbabwe in 2004.

GYG EPP TEX MOI
GYG 1.84 (7.26) -4.73 (22.65) -10.97 (76.78)
EPP 0.51 (0.06) -1.20 (1.60) 0.71 (0.40)
TEX -0.15 (0.08) -0.07 (0.08) 0.88 (2.34)
MOI -0.06 (0.09) -0.07 (0.12) 0.05 (0.10)

GYG, grain; EPP, ears per plants; TEX, grain texture; MOI, moisture content
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Fig. 22. Single value decomposition biplot of standardized traits showing their correlations for
population CML440 x COMPE conducted under drought conditions at Chiredzi, Zimbabwe in
2004. (GYG, grain yield; EPP, ears per; plant; MOI, moisture content; TEX, grain texture).
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Results across environments

Across all environments significant for grain vield

The analysis across environments was conducted for those environments that had
significant differences for grain yield in this population. These were low nitrogen

(Harare), high nitrogen (Harare) and drought (Chitala and Chiredzi).

Significant differences were observed only for grain yield and 50% anthesis date but not
for the other traits. Average grain yield was 3.64 Mg ha'. Heritability estimates were
generally low ranging from 0.00 to 0.37. Heritabilty was 0.19 for grain yield, 0.20 for
50% anthesis date, 0.29 for anthesis-silking interval, 0.37 for plant height, 0.21 for
moisture content, 0.19 for 100 kernel weight and 0.00 for ears per plant (Table 41).

Table 41. Statistics, averages, variance components, heritability and its standard
error for experiment CML440 x COMPE across all environments with
significant differences for grain yield in Malawi and Zimbabwe in 2003 and
2004.

Statistics GYG AD ASI PH EPP MOI GWT
Mg ha™ d d cm # % g

Mean 3.64 79.18 1.99  199.02 0.82 12.04 30.62
Significance oAk oAk NS NS NS NS NS

CvV 28.41 274 9224  8.83 23.99 13.72 9.18
o’ 0.64 0.34 2.84  176.49 0.03 2.25 6.39
oG 0.03 0.14 0.15 13.21 0.00 0.08 0.17
0 GrE 0.13 0.56 0.00 3.52 0.002 0.11 0.00
h? (family basis) 0.19 0.20 0.29 0.37 0.00 0.21 0.19
Standard Error /4’ 0.15 0.14 0.11 0.12 0.00 0.14 0.37

*E* x* * Significant at P <0.001, 0.01, and 0.05, respectively.

GYG, grain yield; PH, plant height; AD, 50% anthesis; GWT, 100gwt, grain weight; EPP, ears per plant;
ASI, anthesis-silking interval; MOI, moisture content.

MSE, mean square error; /°, broad sense repeatability.
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Across high N environments

No significant differences were observed for any trait except for plant height in the
analysis across high nitrogen fertilization in Malawi and Zimbabwe during 2003/2004
season. (Table 42 and Appendix E). Similarly all the traits had zero heritabilities except
plant height which had a low heritability estimate of 0.24. The non significance of the
traits at the Chitedze Research Station environment might have contributed to the non

significance for the traits across high nitrogen sites.

Table 42. Statistics, averages, variance components, heritability and its standard
error for experiment CML440 x COMPE across high nitrogen conditions in
Malawi and Zimbabwe in 2003 and 2004.

Statistics GYG AD ASI PH EPP MOI GWT
Mg ha d d cm # % g

Mean 6.79 71.06 0.80 229.5 0.75 13,1 423
Significance NS NS NS * NS NS NS

Ccv 17.8 3.00 183.9 6.49 243 11.6 9.28
o’ 1.27 3.46 1.95 164.1 0.03 1.68 10.7
o’ 0.00 0.00 0.00 25.7 0.00 0.00 0.00
6 GxE 0.15 0.00 0.00 0.00 0.00 0.18 0.00
1’ (family basis) 0.00 0.00 0.00 0.24 0.00 0.00 0.00
Standard Error A’ 0.00 0.00 0.00 0.08 0.00 0.00 0.00

wAk xE * Significant at P <0.001, 0.01, and 0.05, respectively.

GYG, grain yield; PH, plant height; AD, 50% anthesis; GWT, 100gwt, grain weight; EPP, ears per plant;
ASI, anthesis-silking interval; MOI, moisture content.

MSE, mean square error; 4°, broad sense repeatability.

Across drought environments

Significant differences were observed for anthesis date only across drought stress

environments (Table 43 and Appendix F). Heritability estimates ranged from 0 to 0.10.
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Table 43. Statistics, averages, variance components, heritability and its standard
error for experiment CML440 x COMPE across drought stressed environments
conducted in Malawi and Zimbabwe in 2003 and 2004.

Statistics GYG AD ASI PH EPP MOI
Mg ha™' d d cm # %
Mean 2.19 85.7 2.47 174.9 0.96 15.6
Significance NS *oE NS NS NS NS
CV % 49.5 2.62 86.8 11.4 10.9 18.5
o’ 0.48 3.35 3.62 194.6 0.02 1.84
o’ 0.00 0.00 0.21 0.00 0.0005 0.00
0% GxE 0.05 0.99 0.00 3.81 0 0.05
A’ (family basis) 0.00 0.00 0.10 0.00 0.05 0.00
Standard Error 4’ 0.00 0.00 0.08 0.00 0.09 0.00

*Hk % * Significant at P < 0.001, 0.01, and 0.05, respectively.

GYG, grain yield; PH, plant height; AD, 50% anthesis; EPP, ears per plant; ASI, anthesis-silking interval,
MOI, moisture content.

MSE, mean square error; 4°, broad sense repeatability.

Correlations among traits across environments and stresses

Across all environments

Positive correlations were observed between grain yield and ears per plant while

negative correlations were observed between grain yield and 50% anthesis date (Fig 23).
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Fig. 23. Single value decomposition biplot of standardized traits showing their correlations for
population CML440 x COMPE evaluated across all environments in Malawi and Zimbabwe in
2003 and 2004. (GYG, grain yield; AD, 50% anthesis; EPP, ears per; plant; PH, plant height;
MOI, moisture content; TEX, grain texture).
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Across high N environments

There was a strong and positive correlation between grain yield and ears per plant but
the two were negatively correlated with moisture content and anthesis-silking interval.
Strong negative correlations were observed between anthesis-silking interval and 50%

anthesis date and between grain yield and moisture content (Fig 24).
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Fig. 24. Single value decomposition biplot of standardized traits showing their correlations for
population CML440 x COMPE evaluated across high nitrogen environments in Malawi and
Zimbabwe in 2003 and 2004. (GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking
interval; EPP, ears per; plant; PH, plant height; MOI, moisture content).
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Across drought environments

Positive correlations were observed between grain yield and plant height and moisture
content. Negative correlations were observed between 50% anthesis date and anthesis-

silking interval and between grain yield and anthesis-silking interval (Fig.25).
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Fig. 25. Single value decomposition biplot of standardized traits showing their correlations for
population CML440 x COMPE evaluated across drought environments in Malawi and
Zimbabwe in 2003 and 2004. (GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking
interval; EPP, ears per; plant; PH, plant height; MOI, moisture content).
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Relationships among environments for grain yield

In the AMMI biplot well-watered in Malawi, high nitrogen Zimbabwe and drought
environments in Zimbabwe discriminated the testcrosses in a similar manner. No
nitrogen fertilization in Malawi and drought conditions in Malawi, and high nitrogen in

Malawi and well-watered in Zimbabwe also classified the testcrosses similarly (Fig. 26).
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Fig. 26. AMMI biplot for grain yield showing the relationship among environments for population
CML440 x COMPE conducted in Malawi and Zmbabwe in 2003 and 2004. (Low N, low
nitrogen; WW MLW, well-watered Malawi; WW ZM, well-watered Zimbabwe, NO FERT, no
nitrogen fertilization; DRT MLW, drought Malawi; DRT ZM, drought Zimbabwe; HN MLW,
high nitrogen Malawi; HN ZM, high nitrogen Zimbabwe).
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Expected genetic gain

Expected genetic gain from direct selection was estimated using heritabilities, genetic
variance and their standard errors by selecting from the individual environment (direct).
An attempt was also made to estimate expected amount of gain one gets by selecting in
one environment and the expected response in another environment (indirect selection).
These estimates were not conducted because most correlation coefficients could not be
estimated from the across site analysis. The results from this study indicate that genetic
gains were variable across locations and environments. High genetic gains were
observed from Harare high nitrogen environment (0.52 Mg ha™) and Harare low
nitrogen (0.40 Mg ha™) and the lowest were under Chitedze high nitrogen and no
nitrogen fertilization (0.00) (Table 44).

Table 44 . Expected genetic gain for grain yield (Mg ha™) per environment for
CML440 x COMPE evaluated in Malawi and Zimbabwe in 2003 and 2004
assuming selection of the best 10%.

Genotypic Genetic Gain

Environment Mean  Error variance h? (R)
Chitedze no fertilization  3.85 0.77 0.00  0.00 0.00
Harare low N 1.81 0.58 0.15 035 0.40
Chitedze high N 5.56 1.47 0.00 0.00 0.00
Harare high N 8.02 1.10 027 033 0.52
Chitala well-watered 3.80 0.84 0.01 0.01 0.02
Chiredzi well-watered 477  0.38 0.02 0.11 0.08
Chitala drought 2.56 046 0.08 0.26 0.25
Chiredzi drought 1.81  0.52 0.01 0.02 0.02
Average across

locations 4.06 0.78 0.01 0.10 0.06

}’, broad sense repeatability.



Expected genetic gain across environments and stresses was very low (Table 45).
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Table 45. Expected genetic gain for grain yield (Mg ha™) across environments for
experiment CML 440 x COMPE evaluated in Malawi and Zimbabwe in 2003

and 2004 assuming selection of the best 10%.

Gen. Genetic Genetic Gain
Environment Mean  Error variance h’ Gain (R) (R)
Across all
environments 4.06 0.78 0.01 0.01 0.02 0.00
Across high N 6.79  1.27 0.00 0.00 0.00 0.00
Across well-watered 4.29 0.62 0.005 0.00 0.00 0.00
Across drought 2.19 0.48 0.00 0.00 0.00 0.00

Gen.,genetic; 4°, broad sense repeatability.

Preliminary assessment of MAS efficiency in testcrosses

The efficiency of marker assisted selection in selecting drought tolerant testcrosses, was

assessed by conducting a contrast between the means of the best 50 testcrosses selected

for favorable alleles at consistent QTL and the mean of the worst 50 testcrosses selected

for unfavorable alleles at the sam QTL. Significant differences between the two groups

were observed under high nitrogen fertilization at Chitedze (Malawi) and under drought

conditions at Chiredzi (Zimbabwe) but not at the other environments and across

environments (Table 46).
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Table 46. Mean grain yields, for the first and last 50 entries, their significances at
single and across environments for population CML440 x COMPE conducted
in Malawi and Zimbabwe in 2003 and 2004.

Environment Mean (ent. 1-50)  Mean (Ent. 51-100) Difference Significance
(Mg ha™) (Mg ha™)

Chitedze no fertilization 3.84 3.85 -0.01 NS
Harare low N 1.80 1.90 -0.10 NS
Chitedze high N 5.70 5.42 0.28 *
Harare high N 8.09 7.96 0.13 NS
Chitala well-watered 3.87 3.74 0.13 NS
Chiredzi well-watered 4.75 4.79 0 NS
Chitala drought 2.60 2.50 0.10 NS
Chiredzi drought 1.88 1.73 0.18 *
Average across locations 4.09 4.04 0.05 NS
Average High N 6.90 6.69 0.21 NS
Average Well-watered 4.31 4.27 0.04 NS
Average Drought 2.17 2.22 0.05 NS

* Significant at P = 0.05; NS, not significant.

Top five entries for grain yield were selected for each environment by ranking the
testcrosses from the highest to the lowest yielding. The aim was to assess which group of
testcrosses (best or worst) contributed most to the 5 highest yielding testcrosses. The
results showed that both groups of testcrosses contributed almost equally to the list of
five most high yielding testcrosses although there were variations amongst environments
(Table 47). However some consistency was observed for some testcrosses. For example
entries 97 and 36 were consistently among the top 5 high yielding testcrosses under all
the high nitrogen and the drought sites, respectively. Entry 83 was among the top five

average across all locations, well-watered and drought conditions (Table 47).
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Table 47. Top 5 entries for grain yield at single environment and across
environments for population CML440 x COMPE evaluated in Malawi and
Zimbabwe in 2003 and 2004.

Environment Best 5 entries for grain yield
Chitedze no fertilization 88, 55,101, 47,27

Harare low N
Chitedze high N
Harare high N

Chitala well-watered
Chiredzi well-watered
Chitala drought
Chiredzi drought
Average across locations
Average High N
Average Well-watered
Average Drought

59, 89, 29, 102 18
97, 18, 88, 39, 64
97,73, 59, 84, 24
46,93, 83, 49, 86
33, 84, 66, 64, 15
20, 67, 38, 22, 36
35,27, 28, 39, 36
88, 73, 83, 30, 18
97, 84, 73, 30, 19
83,17,7, 68, 71

83, 14, 53, 34, 28

Drought tolerance index (DIT) and nitrogen tolerance index (NTI) were estimated in
order to identify testcrosses that reduce their performances under stressed conditions
relative to unstressed conditions at the same locations. Testcrosses that maintain good
performance under stress are good sources of drought tolerant genes. The average DTI
of the first and last 50 entries were 29.7% and 28.2% (Malawi) and 59.7% and 63.65%
(Zimbabwe), respectively (Appendix N). The average NTI for the first and last 50 entries
were 78.13% and 75.99%, respectively (Zimbabwe). The testcrosses with the best DTI
and NTI indices came from both groups (Table 48).

Table 48. Best 5 testcrosses for drought tolerance index (DTI) and nitrogen
tolerance index (NTI) for population CML440 x COMPE evaluated in Malawi
and Zimbabwe in 2003 and 2004.

Parameter Zimbabwe Malawi

DTI (%) 35,21, 67, 19, 27 64, 68, 74, 67, 23
NTI (%) 64, 82, 62, 10, 53 .
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Population CML444 x K64R

Results per environment

Chitedze no nitrogen fertilization

This experiment was conducted under no nitrogen fertilization and rain fed conditions at
Chitedze Research Station (Malawi) during the 2003/2004 season. The purpose was to
induce low N stress, however, the nitrogen content in the soil was higher than expected
and no stress was apparent. Grain yield average was 5.32 Mg ha™' (range 0.01 to 7.36
Mg ha) (Table 49). Significant differences were observed for grain yield, anthesis date,
grain texture, moisture content and 100 kernel grain weight (Table 49). Heritabilities
were 0.37, 0.34, 0.05 0.11, 0.27, 0.49, 0.54 and 0.31 for grain weight, anthesis date,
anthesis-silking interval, plant height, ears per plant, grain texture, moisture content and
100 kernel grain weight, respectively. Average grain yield for the first 50 testcrosses was

not significantly greater than the average for the last 50 testcrosses (Table 49).

Genotypic correlations were estimated for only those traits which were significantly
different. Positive genotypic correlations were observed between grain yield and grain
texture (0.65) and between grain yield and 100 kernel weight (0.46) but was negative
with anthesis date (-0.34) and moisture content (-0.54). Phenotypic correlations were
positive between 100 kernel weight and grain yield (0.48). The rest of the phenotypic

correlations were negative (Table 50 and Fig. 27).
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Table 49. Statistics, genotypic variance, heritability and their standard errors for
traits in testcrosses from population CML444 x K64R evaluated under no
nitrogen fertilization at Chitedze, Malawi in 2003 and 2004.

Statistics GYG AD ASI PH EPP MOI TEX GWT
Mg ha'! d d cm # % 1-5 g
Mean 5.32 71.4 0.79 2144 1.10 14.3 3.49 387
Significance HEE * NS NS NS ok Hrx ok
Minimum 0.01 67.8 -2.60 119.0 0.90 11.8 2.00 29.0
Maximum 7.36 75.6 2.30 239.0 1.40 16.9 4.50 47.0
LSD (5%) 1.84 3.10 1.72 38.2 0.29 1.73 1.01 7.99
CV (%) 20.9 2.20 109.6 8.79 13.1 5.60 14.5 11.7
MSE 1.17 2.39 0.77 354.9 0.02 0.65 0.26 20.0
Mean (Ent. 1-50) 5.42 71.4 0.80 215.0 1.10 14.5 3.60 39.7
Mean (Ent. 51-100) 5.22 71.4 0.70 214.0 1.10 14.2 3.30 37.9
o’ 1.17 233 0.77 354.8 0.02 0.63 0.25 20.0
6’6 0.34 0.61 0.02 21.9 0.003 0.37 0.11 4.45
h’ (family basis) 0.37 0.34 0.05 0.11 0.27 0.54 0.49 0.31
Standard Error 4’ 0.14 0.14 0.19 0.20 0.15 0.10 0.11 0.16

*E* x% * Significant at P < 0.001, 0.01 and 0.05, respectively, and NS = non significant.

GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; EPP, ears per plant;

MOI, grain moisture content; TEX, grain texture; GWT, 100 kernel weight.

Table 50. Genotypic (above diagonal) and phenotypic (below diagonal) correlations
and their standard errors (SE) from population CML444 x K64R evaluated
under no nitrogen fertilization at Chitedze, Malawi in 2003 and 2004.

GYG AD TEX MOI GWT
GYG -0..34 (0.44) 0.65 (0.35) -0.54 (0.27) 0.46 (0.35)
AD -0.25 (0.07) -0.10 (0.38) 0.04 (0.35) -0.60 (0.52)
TEX 0.28 (0.07) -0.04 (0.09) -0.54 (0.29) 0.51 (0.35)
MOI 0.37(0.07)  -0.01(0.09)  -0.07 (0.08) -0.37 (0.30)
GWT 0.48 (0.06) -0.07 (0.08) 0.17 (0.08) -0.32 (0.07)

GYG, grain yield; AD, 50% anthesis; MOI, grain moisture content; TEX, grain texture; GWT, 100 kernel

weight.
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GYe?

Fig. 27. Single value decomposition biplot of standardized traits showing their
correlations for population CML444 x K64R evaluated under no nitrogen fertilization at
Chitedze, Malawi in 2003 and 2004. (AD; 50%anthesis date; GYG, grain yield; MOI, moisture
content; GWT, 100 kernel weight; TEX, grain texture).

Harare low nitrogen experiment

This experiment was conducted under low nitrogen conditions in Harare (Zimbabwe)
under rainfed conditions during the 2003/2004 season. No nitrogen fertilizer was applied
but only 60 kg ha™ P,Os. There were significant differences for grain yield, anthesis date
and ears per plant (Table 51). Mean maize yield was 0.87 Mg ha (range was 0.16 to
1.74 Mg ha™). The average of the best 50 genotypes and 50 worst genotypes were not
significantly different. Heritabilities were generally low to moderate with 0.41 for plant
height, 0.31 for ears per plant, 0.28 for 50% anthesis date, 0.15 for grain yield, 0.04 for

anthesis-silking interval and 0.00 for moisture content.



Table 51. Statistics, genotypic variance, heritability and their standard errors for
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traits in testcrosses from population CML444 x K64R evaluated under low

nitrogen at Harare, Zimbabwe in 2003 and 2004.

Statistics GYG AD ASI PH EPP MOI
Mg ha’! d d cm # %
Mean 0.87 77.4 3.10 199.0 0.80 10.7
Significance *x * NS NS * NS
Minimum 0.16 73.1 -0.10 128.0 0.20 8.60
Maximum 1.74 85.8 7.00 230.0 0.11 14.9
LSD (5%) 0.72 5.04 3.80 273.0 0.40 3.24
CV (%) 41.4 3.10 60.9 68.8 12.2 12.2
MSE 0.13 5.79 3.57 207.7 0.03 1.79
Mean (Ent. 1-50) 0.82 77.1 3.20 210.0 0.79 10.7
Mean (Ent. 51-100) 0.92 77.6 2.90 199.0 0.79 10.7
0% 0.13 5.79 3.57 246.5 0.04 1.62
o’s 0.01 1.12 0.07 86.2 0.01 0.00
h? (family basis) 0.16 0.28 0.04 0.41 0.31 0.00
Standard Error A’ 0.18 0.15 0.12 0.14 0.14 0.00

*E* x% * Significant at P < 0.001, 0.01 and 0.05, respectively, and NS = non significant.

GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height, EPP, ears per plant.

MOI, grain moisture.

Grain yield had positive genotypic and phenotypic correlations with ears per plant but

negative genotypic and phenotypic correlation with 50% anthesis date (Table 52 and Fig.

28).

Table 52. Genotypic (above diagonal) and phenotypic (below diagonal)

correlations and their standard errors (SE) from population CML444 x K64R
conducted under low nitrogen at Harare, Zimbabwe in 2003 and 2004.

GYG AD EPP
GYG 0.124 (2.46) 2.23 (4.84)
AD -0.23 (0.07) -0.46 (0.55)
EPP 0.54 (0.06)  -0.23 (0.07)

GYG, grain yield; AD, 50% anthesis; EPP, ears per plant.
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Fig. 28. Single value decomposition biplot of standardized traits showing their correlations
for population CML444 x K64R evaluated under low nitrogen fertilization in Harare,
Zimbabwe in 2003 and 2004. (AD; 50% anthesis; GYG, grain yield; EPP, ears per plant).

Chitedze high nitrogen fertilization

This experiment was conducted at Chitedze Research Station (Malawi) during the
2003/2004 season under rain fed conditions. The experiment was fertilized with 120 kg
N ha” and 60 kg P,Os ha™'. Grain yield average was 5.17 Mg ha™ (range 0.70 to 7.54
Mg ha™) (Table 53).
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Table 53. Statistics, genotypic variance, heritability and their standard errors for
traits in testcrosses for population CML444 x K64R evaluated under high
nitrogen fertilization at Chitedze, Malawi in 2003 and 2004.

Statistics GYG AD ASI PH EPP TEX MOI GWT
Mg ha’! d d cm # 1-5 % g
Mean 5.17 769 050 2080  0.90 3.60 143 433
Significance xRk ok NS HoHk NS ok NS ok
Minimum 0.70 715 =250  166.0  0.50 2.50 12.7 28.5
Maximum 7.54 828 250  231.0 290 4.60 16.0 54.8
LSD (5%) 232 420 240 18.0 0,70 0.80 1.60 10.3
CV (%) 25.78 280 2282 429 37.1 10.4 5.70 12.1
MSE 1.78 450 130 79.5 0.10 0.10 0.70 27.3
Mean (Ent. 1-50) 5.12 767 047 2090  0.90 3.70 14.4 44.1
Mean (Ent. 51-100) 5.22 772 051 207.0  0.90 3.53 143 442
0% 1.73 482 141 79.5 0.11 0.14 0.64 26.1
o7 0.25 153 0.06 62.3 0.00 0.08 0.00 8.60
A’ (family basis) 0.22 039  0.08 0.61 0.00 0.54 0.00 0.40
Standard Error A’ 0.17 0.14  0.19 0.08 0.00 0.10 0.00 0.13

*E* x% * Significant at P < 0.001, 0.01 and 0.05, respectively, and NS = non significant.
GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; EPP, ears per plant;
MOI, grain moisture content; TEX, grain texture; GWT, 100 kernel weight.

No significant differences were observed between the mean of the first 50 testcrosses
and the mean of the last 50 testcrosses. There were significant differences between grain
yield, 50% anthesis date, plant height, grain texture and 100 kernel weight. Heritabilities
were 0.22, 0.39, 0.08, 0.61, 0.54, and 0.40 for grain yield, 50% anthesis date, anthesis-
silking interval, plant height, grain texture and 100 kernel weight, respectively (Table
53).

Positive genotypic correlations were observed between grain yield and 50% anthesis
date (0.66), plant height (2.05), grain texture (0.36) and 100 kernel weight (0.24).
Phenotypic correlations ranged from -0.21 to 0.12 while genotypic correlations ranged
from -0.15 to 2.05. Positive phenotypic correlations were observed between grain yield
and plant height and between grain yield and texture (Table 54 and Fig. 29). Negative

correlation were between grain yield and 50% anthesis date.
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Table 54. Genotypic (above diagonal) and phenotypic (below diagonal)
correlations and their standard errors (SE) for population CML444 x K64R
conducted under high nitrogen conditions at Chitedze, Malawi in 2003 and
2004.

GYG AD PH TEX GWT
GYG 0.66 (0.82) 2.05 (1.87) 0.36 (1.87) 0.24 (0.49)
AD -0.21 (0.08) -0.05 (0.08) 0.25 (0.29) 0.34 (0.27)
PH 0.41 (0.07) -0.05 (0.03) 0.17 (0.22) 0.32 (0.22)
TEX 0.20 (0.08) -0.01 (0.8) 0.04 (0.08) 0.23 (0.27)
GWT 0.11 (0.08) 0.12 (0.08) 0.08 (0.08) 0.002 (0.08)

GYG, grain yield; AD, 50% anthesis; PH, plant height; TEX, grain texture; GWT, 100 kernel weight
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Fig. 29. Single value decomposition biplot of standardized traits showing their correlations
forpopulation CML444 x K64R conducted under high nitrogen conditions at Chitedze, Malawi
during 2003 and 2004. (AD; 50% anthesis; GYG, grain yield; PH, plant height; GWT, 100
kernel weight; TEX, grain texture).
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This experiment was conducted under rain fed conditions in Harare (Zimbabwe) during
the 2003/2004 season. The experiment was fertilized with 120 kg N ha™ and 60 kg P,Os
ha'. Average grain yield was 9.64 Mg ha™' (range 4.75 to 12.85 Mg ha) (Table 55).

Significant differences were observed for grain yield, 50% anthesis date and moisture

content. Heritabilities were moderate for grain yield (0.49), 0.60 for 50% anthesis date,

0.16 for anthesis-silking interval, 0.23 for plant height and 0.29 for moisture content

(Table 55).

Table 55. Statistics, genotypic variance, heritability and their standard errors for

traits in testcrosses from population CML444 x K64R evaluated under high

nitrogen fertilization in Harare (Zimbabwe) in 2003 and 2004.

Statistics GYG AD ASI PH MOI
Mg ha d d cm %
Mean 9.64 72.8 0.71 270.7 14.7
Significance oAk oAk NS NS oAk
Minimum 4.75 68.7 -2.80 232.0 133
Maximum 12.91 75.2 2.50 299.5 16.6
LSD (5%) 2.52 2.48 243 333 1.85
CV (%) 12.85 1.70 169.0 592 6.38
MSE 1.54 1.54 1.40 256.4 0.90
Mean (Ent. 1-50) 9.70 72.5 0.81 273.1 14.6
Mean (Ent. 51-100) 9.60 73.0 0.62 268.3 14.8
o’ 1.70 1.57 1.54 256.4 0.88
ng 0.81 1.17 0.15 38.6 0.18
1’ (family basis) 0.49 0.60 0.16 0.23 0.29
Standard Error A’ 0.10 0.09 0.17 0.17 0.14

wdk ek * Significant at P < 0.001, 0.01 and 0.05, respectively, and NS = non significant.
GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height;

MOI, grain moisture content.

Genotypic correlations were positive but weak between grain yield and 50% anthesis

date and moisture content (Table 56 and Fig. 30). Correlation between 50% anthesis date
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and moisture content was negative. Phenotypic correlations between the traits were also

weak ranging from 0.01 to 0.03.

Table 56. Genotypic (above diagonal) and phenotypic (below diagonal)
correlations and their standard errors (SE) from population CML444 x K64R
conducted under high nitrogen conditions in Harare, Zimbabwe in 2003 and
2004.

GYG AD MOI

GYG 0.11 (0.21) 0.11 (0.31)
AD 0.01 (0.08) -0.15 (0.28)
MOI 0.03 (0.08) 0.01 (0.08)

GYG, grain yield; AD, 50% anthesis; MOI, grain moisture content.
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Fig. 30. Single value decomposition biplot of standardized traits showing their correlations for
population CML444 x K64R evaluated under high nitrogen conditions in Harare, Zimbabwe
during 2003 and 2004. (AD; 50% anthesis; GYG, grain yield; MOI, moisture content).



Chitala well-watered experiment
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This experiment was conducted under well-watered conditions at Chitala (Malawi)

during the dry season under irrigation in 2004. Water was applied to the experiment

using sprinkler irrigation to field capacity from planting up to physiological maturity.

The trial was fertilized with 120 kg N ha! and 60 kg ha™! P,0Os. There were no

significant differences for all the traits. Mean grain yield was 4.66 Mg ha" and ranged

from 2.89 to 6.56 Mg ha™'. Heritabilities ranged from 0.00 to 0.08 (Table 57).

Table 57. Statistics, genotypic variance, heritability and their standard errors for

traits in testcrosses from population CML444 x K64R evaluated under well-
watered conditions at Chitala, Malawi in 2004.

Statistics GYG AD ASI PH EPP TEX MOI
Mg ha™! d d cm # 1-5 %
Mean 4.66 79.1 2.80 186.5 0.90 3.40 12.3
Significance NS NS NS NS NS NS NS
Minimum 2.89 76.6 -0.50 161.2 0.60 2.50 10.8
Maximum 6.56 82.4 40.1 211.0 1.20 4.60 14.9
LSD (5%) 1.94 3.63 11.5 22.2 0.26 1.16 2.30
CV (%) 19.3 2.15 207.0 6.49 15.7 16.1 10.2
MSE 0.81 2.89 33.8 146.3 0.02 0.33 1.56
Mean (Ent. 1-50) 4.68 79.0 2.30 187.0 0.86 3.50 12.3
Mean (Ent. 51-100) 4.64 79.1 3.20 187.0 0.88 3.40 12.3
o’ 0.81 2.89 31.5 146.3 0.02 0.31 1.56
o’ 0.00 0.00 0.00 4.50 0.001 0.00 0.00
h’ (family basis) 0.00 0.00 0.00 0.06 0.08 0.00 0.00
Standard Error A’ 0.00 0.00 0.00 0.23 0.21 0.00 0.00

woak Ak * Significant at P < 0.001, 0.01 and 0.05, respectively, and NS = non significant.
GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; EPP, ears per plant;

TEX, grain texture; MOI, grain moisture content.

Genotypic correlations were not estimated because the non significance differences of

the traits. Phenotypic correlations were estimated using single value decomposition

biplot of standardized traits. Positive correlations were observed between grain yield and

ears per plant while negative correlation was between grain yield and anthesis date (Fig.

31).
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Fig. 31. Single value decomposition biplot of standardized traits showing correlations for
population CML444 x K64R evaluated under well-watered conditions at Chitala, Malawi in

2004. (AD; 50% anthesis; ASI, anthesis-silking interval; GYG, grain yield; PH, plant height;

EPP, ears per plant; MOI, moisture content).
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Chiredzi well-watered experiment

This experiment was conducted under well-watered conditions at Chiredzi (Zimbabwe)
during the dry season under irrigation in 2004. Water was applied to the experiment to
field capacity from planting up to physiological maturity. The trial was fertilized with
120 kg N ha™ and 60 kg ha™ P,Os. Grain yields ranged from 2.84 to 6.68 Mg ha™ with
a mean of 5.15 Mg ha”. No significant differences were observed for any trait.
Similarly, the mean of the first 50 testcrosses was so not significantly different from the
mean of the other 50 testcrosses. Most of the traits had 0.00 heritability estimates except

for anthesis date (0.09) and moisture content (0.03) (Table 58).

Genotypic correlations were not estimated due to the non significance differences of any
trait. However, phenotypic correlations were estimated using single value decomposition
biplot of standardized traits. Positive correlations were between grain yield, plant height
and ears per plant but these had a negative correlation with anthesis-silking interval,

50% anthesis date, moisture content and leaf senescence (Fig 32).

Table 58. Statistics, genotypic variance, heritability and their standard errors for
traits in testcrosses from population CML444 x K64R evaluated under well-
watered conditions at Chiredzi, Zimbabwe in 2004.

Statistics GYG AD ASI PH EPP MOI SEN
Mg ha d d cm # % %
Mean 5.15 102.3 0.66 240.0 1.10 9.00 72.5
Significance NS NS NS NS NS NS NS
Minimum 2.84 97.3 -1.83 182.0 0.60 8.00 61.0
Maximum 6.68 103.3 4.12 295.0 1.30 11.0 85.3
LSD (5%) 1.76 14.3 3.08 522 0.30 1.35 11.1
CV (%) 19.4 2.06 63.4 9.64 89.1 7.80 7.66
MSE 0.99 443 2.61 5353 0.01 0.47 30.9
Mean (Ent. 1-50) 5.10 71.2 1.10 250.0 0.94 8.90 72.1
Mean (Ent. 51-100) 5.20 70.9 1.10 249.0 0.96 8.90 72.8
o’ 0.90 443 2.44 5353 0.02 0.47 30.9
o’ 0.00 0.21 0.00 0.00 0.00 0.01 0.00
h’ (family basis) 0.00 0.09 0.00 0.00 0.00 0.03 0.00
Standard Error 4’ 0.00 0.20 0.00 0.00 0.00 0.21 0.00

otk ok * Significant at P < 0.001, 0.01 and 0.05, respectively, and NS = non significant.
GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; EPP, ears per plant;
MOI, grain moisture content; SEN, leaf senescence.
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Fig. 32. Single value decomposition biplot of standardized traits showing their correlations for
population CML444 x K64R conducted under well-watered conditions at Chiredzi, Zimbabwe
in 2004. (GYG, grain yield; AD; 50% anthesis; ASI, anthesis-silking interval; GYG, grain yield;
PH, plant height; EPP, ears per plant; MOI, moisture content; SEN, leaf senescence).



Chitala drought experiment
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The experiment was conducted during the dry season of 2004 at Chitala Experimental

Station (Malawi). Sprinkler irrigation was applied to the experiment up to field capacity

from planting until three weeks before flowering. The intention was to induce drought

stress during the flowering period. Average grain yield was 1.84 Mg ha™' and range was

from 0.62 to 3.26 Mg ha™'. Significant differences were observed for grain yield only but

not for any other trait (Table 59). Estimates of heritabilities were low or zero (Table 59).

Heritability for grain yield was 0.28.

Table 59. Statistics, genotypic variance, heritability and their standard errors for

traits in testcrosses from population CML444 x K64R evaluated under drought

conditions at Chitala, Malawi in 2004.

Statistics GYG AD ASI PH EPP TEX MOI
Mg ha™! d d cm # 1-5 %
Mean 1.84 80.2 4.40 165.5 0.60 3.60 16.7
Significance * NS NS NS NS NS NS
Minimum 0.62 47.0 -1.80 1323 0.20 2.90 9.40
Maximum 3.26 96.7 14.9 193.8 0.90 4.20 21.0
LSD (5%) 1.21 16.6 7.15 29.9 0.45 1.15 5.64
CV (%) 35.6 11.6 70.4 10.4 28.9 15.2 14.4
MSE 0.43 86.8 9.60 297.7 0.03 0.30 5.80
Mean (Ent. 1-50) 1.90 79.8 4.70 165.0 0.60 3.60 16.3
Mean (Ent. 51-100) 1.80 80.6 3.60 167.0 0.56 3.60 17.3
o’ 0.39 84.6 9.60 277.1 0.03 0.28 5.39
6’6 0.08 0.00 0.00 36.0 0.01 0.00 0.00
h’ (family basis) 0.28 0.00 0.00 0.21 0.03 0.00 0.00
Standard Error A’ 0.16 0.00 0.00 0.19 0.21 0.00 0.00

woak Ak % Significant at P < 0.001, 0.01 and 0.05, respectively, and NS = non significant.
GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; EPP, ears per plant;

TEX, grain texture; MOI, grain moisture content.

Grain yield had a positive phenotypic correlation with plant height and grain texture, and

negative correlations were between grain yield and anthesis-silking interval and between

grain yield and 50% anthesis date (Fig. 33).
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Fig. 33. Single value decomposition biplot of standardized traits showing their correlations for
population CML444 x K64R evaluated under drought conditions at Chitala, Malawi in 2004.
(GYG, grain yield; AD; 50%anthesis date; ASI, anthesis-silking interval; PH, plant height; EPP,

ears per plant; TEX, grain texture; MOI, moisture content).



Chiredzi drought experiment
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The experiment was conducted during the dry season of 2004 at Chiredzi Experimental

Station (Zimbabwe). Water was applied to the experiment up to field capacity from

planting until three weeks before flowering. Despite that nitrogen fertilizers were applied

to this experiment, the general performance was poor because of inherent low fertility of

the experimental site. Grain yield average was 0.20 Mg ha™ with a range from 0.00 to

1.04 Mg ha™ (Table 60). Heritabilities were moderately high ranging from 0.13 to 0.63

(Table 60). Heritability for grain yield was 0.52, 0.63 for anthesis date, 0.52 for anthesis-

silking interval, 0.48 for plant height, 0.50 for ears per plant, and 0.13 for leaf

SENeSCence.

Table 60. Statistics, genotypic variance, heritability and their standard errors for

traits in testcrosses from population CML444 x K64R evaluated under drought

conditions at Chiredzi, Zimbabwe in 2004.

Statistics GYG AD ASI PH EPP SEN
Mg ha’! d d cm # %

Mean 0.20 104.3 8.80 156.0 0.20 63.3
Signiﬁcance skskok skskk skskk skeksk skksk NS

Minimum 0.00 98.0 0.30 80.0 0.00 51.2
Maximum 1.04 111.0 22.5 179.0 0.60 82.0
LSD (5%) 0.32 4.20 7.40 26.0 0.25 15.4
CV (%) 99.3 2.06 17.6 8.43 70.7 6.20
MSE 0.03 4.60 2.40 140.8 0.02 52.7
Mean (Ent. 1-50) 0.20 104.0 9.20 159.0 62.8 52.7
Mean (Ent. 51-100) 0.20 104.0 8.40 154.0 63.7 62.9
o’ 0.03 442 2.44 141.1 0.02 53.3
o’g 0.02 3.90 8.95 65.3 0.01 4.04
i’ (family basis) 0.52 0.63 0.52 0.48 0.50 0.13
Standard Error /4’ 0.11 0.08 0.36 0.12 0.11 0.20

wA* xE * Significant at P <0.001, 0.01 and 0.05, respectively, and NS = non significant.
GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking; PH, plant height; EPP, ears per plant; SEN,

leaf senescence.
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Positive genotypic and phenotypic correlations were observed between grain yield and
ears per plant (0.96 and 0.84 respectively) (Table 61 and Fig. 34). Grain yield was both
negatively correlated with 50% anthesis date and anthesis-silking interval. Phenotypic
correlations were generally smaller than genotypic correlations but they both agreed on

sign.

Table 61. Genotypic (above diagonal) and phenotypic (below diagonal)
correlations and their standard errors (SE) from population CML444 x K64R
conducted under drought conditions at Chiredzi, Zimbabwe in 2004.

GYG AD ASI PH EPP
GYG -0.96 (0.16) -2.06 (7.85) 0.23 (0.23) 0.96 (0.06)
AD -0.39 (0.07) 0.07 (0.43) -0.62 (0.18) -0.95 (0.17)
ASI -0.45 (0.10) -0.21 (0.17) -0.11 (0.37) 0.32 (0.14)
PH 0.27 (0.08) -0.31 (0.07) 0.09 (0.20) 0.34 (0.14)
EPP 0.84 (0.02) -0.36 (0.07) 0.28 (29.59)  0.28 (29.59)

GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH; plant height; EPP, ears per plant.
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Fig. 34. Single value decomposition biplot of standardized traits showing their correlations for
population CML444 x K64R evaluated under drought conditions at Chiredzi, Zimbabwe in
2004. (AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; GYG, grain yield;

EPP, ears per plant).
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Results across environments

Across all environments significant for grain yield

The analysis across environments was conducted for those environments that had
significant differences for grain yield in this population. These were no nitrogen
fertilization (Chitedze), low nitrogen (Harare), high nitrogen (Chitedze and Harare) and
drought (Chitala and Chiredzi).

Significant differences were observed for grain yield, 50% anthesis date, anthesis-silking
interval and ears per plant but not for plant height, grain moisture and 100 kernel
weight. Average grain yield was 3.82 Mg ha™'. Grain yield, 50% anthesis date, ears per
plant, and 100 kernel weight had moderate to high heritability estimates (0.46, 0.36, 0.48
and 0.51, respectively) (Table 62).

Table 62. Statistics, averages, variance components, heritability and its standard
error for experiment CML444 x K64R across all environments with significant
differences for grain yield in Malawi and Zimbabwe in 2003 and 2004.

Statistics GYG AD ASI PH EPP  TEX MOI  GWT
Mg ha d d cm # 1-5 % g
Mean 3.82 80.46 230 20438 0.66  3.57 1426  37.58
Significance ok ok Hork NS ok ok NS NS
CV % 27.42 542 8924  29.12 3591 13.63 9.01 18.90
o’ 0.87 1732 458 330245 004 022 181  32.87
o’ 0.09 0.83 0.17 5766  0.003  0.02 0.00 3.44
6 6xE 0.18 0.47 0.04 0.00 0.00  0.04 1.16 2.04
h’ (family basis) 0.46 0.36 0.30 0.17 048 038 0.00 0.51
Standard Error 4’ 0.09 0.11 0.12 0.14 009  0.19 0.00 0.11

*Hk % * Significant at P < 0.001, 0.01, and 0.05, respectively.

GYG, grain yield; PH, plant height; AD, 50% anthesis; GWT, 100gwt, grain weight; EPP, ears per plant;
ASI, anthesis-silking interval; MOI, grain moisture.

MSE, mean square error; 4°, broad sense repeatability.
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Positive genotypic and phenotypic correlations were observed between grain yield and
ears per plant but grain yield was negatively correlated with anthesis-silking interval and
50% anthesis date. Phenotypic correlations for the other traits were negative and weak

(Table 63).

Table 63. Genotypic (above diagonal) and phenotypic (below diagonal)
correlations and their standard errors (SE) from population CML444 x K64R
across environments significant for grain yield in Malawi and Zimbabwe in
2003 and 2004.

GYG AD ASI EPP TEX
GYG -0.21 (0.28) -0.31 (0.30) 0.55 (0.25) 0.73 (0.54)
AD -0.12 (0.03) -0.05 (0.25) -0.74 (0.17) -2.65 (2.36)
ASI 0.13(0.03)  -0.08 (0.03) -0.47 (0.29) 0.87 (0.77)
EPP 0.44 (0.03) 20.31(0.03)  -0.18(0.03) 0.83 (0.58)
TEX 0.19 (0.04) -0.03(0.03)  -0.07 (0.04) 0.12 (0.04)

GYG, grain yield; AD, anthesis date; ASI, anthesis-silking interval, EPP, ears per plant; TEX, grain
texture.

Across high N environments

Experiments which were conducted under high nitrogen fertilization environments in
Malawi and Zimbabwe during 2003/2004 season were used in this analysis. Significant
differences were observed for grain yield, 50% anthesis date, plant height and moisture
content. Average grain yield was 7.42 Mg ha™' (Table 64 and Appendix H). Heritability
estimates were generally moderate or low. Heritability for grain yield was 0.32, 0.18 for
anthesis date, 0.39 for plant height, 0.17 for moisture content, and 0.35 for 100 kernel
weight.
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Table 64. Statistics, averages, variance components, heritability and its standard
error for experiment CML444 x K64R across high N conditions in Malawi and

Zimbabwe in 2003 and 2004.

Statistics GYG AD ASI PH EPP MOI GWT
Mg ha’! d d cm # % g
Mean 7.42 74.8 0.60 2394 0091 14.5 42.1
Significance ok HoHE NS oAk NS * NS
CV% 17.89 2.60 205.7 5.88 37.1 6.07 13.6
o’ 0.77 3.20 1.48 167.0  0.11 0.77 21.3
olg 0.44 0.44 0.00 52.5 0.00 0.08 5.78
O GxE 0.10 091 0.10 0.00 0.00 0.00 0.19
h’ (family basis) 0.32 0.18 0.00 0.39 0.00 0.17 0.35
Standard Error 4’ 0.08 0.11 0.00 0.07 0.00 0.08 0.14

*Hk % * Significant at P < 0.001, 0.01, and 0.05, respectively.

GYG, grain yield; PH, plant height; AD, 50% anthesis; GWT, 100 kenrel weight; EPP, ears per plant;
ASI, anthesis-silking interval; MOI, grain moisture; MSE, mean square error; hz, broad sense repeatability.

Across drought environments

No significant differences across drought stressed environments were observed for all

the traits except for anthesis-silking interval (Table 65 and Appendix I). Heritability

estimates ranged from 0.00 to 0.19. Mean grain yield was 1.00 Mg ha™.
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error for experiment CML444 x K64R across drought environments in Malawi
and Zimbabwe in 2003 and 2004.

Statistics GYG AD ASI PH EPP MOI
Mg ha’! d d cm # %
Mean 1.00 92.2 5.44 161.5 0.37 16.7
Significance NS NS * NS NS NS
Ccv 82.5 7.60 65.1 16.5 63.4 14.4
o’ 0.19 44.5 12.0 205.7 0.02 7.05
olg 0.00 0.00 1.44 0.00 0.001 0.00
O GxE 0.06 1.93 0.00 54.1 0.004 0.00
h’ (family basis) 0.00 0.00 0.19 0.00 0.04 0.00
Standard Error 4’ 0.00 0.00 0.13 0.00 0.14 0.00

*Hk % * Significant at P < 0.001, 0.01, and 0.05, respectively.

GYG, grain yield; PH, plant height; AD, 50% anthesis; EPP, ears per plant; ASI, anthesis-silking interval,
MOI, grain moisture; MSE, mean square error; W , broad sense repeatability.

Correlations among traits across environments and stresses

Across all environments

Positive correlations were observed between grain yield and plant height and ears per

plant. Negative correlations were observed between anthesis-silking interval and ears per

plant and between 50% anthesis date and grain yield (Fig. 35).
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Fig. 35. Single value decomposition biplot of standardized traits showing their correlations for
population CML444 x K64R evaluated across all environments in Malawi and Zimbabwe in
2003 and 2004. (GYG, grain yield; AD, 50% anthesis date; ASI, anthesis-silking interval;
plant;PH, plant height; EPP, ears per plant; MOI, moisture content; TEX, grain texture;
GWT, 100 kernel weight).

Across high N environments

There were positive correlations between grain yield and plant height and between 50%
anthesis date and 100 kernel weight but these were negatively correlated with anthesis-

silking interval (Fig. 36).
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Fig. 36. Single value decomposition biplot of standardized traits showing their correlations for
population CML444 x K64R evaluated across high nitrogen environments in Malawi and
Zimbabwe in 2003 and 2004. (GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking
interval; EPP, ears per; plant; PH, plant height; MOI, moisture content; GWT, 100 kernel
weight; TEX, grain texture).

Across drought environments

Grain yield was positively correlated with ears per plant and plant height. Negative
correlations were observed between 50% anthesis date and 100 kernel weight, between
grain yield and anthesis-silking interval and between plant height and anthesis-silking

interval (Fig. 37).
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Fig. 37. Single value decomposition biplot of standardized traits showing their correlations from
for population CML444 x K64R evaluated across drought environments in Malawi and
Zimbabwe in 2003 and 2004. (GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking
interval; EPP, ears per; plant; PH, plant height; GWT, 100 kernel weight).
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Relationships among environments for grain yield

The AMMI biplot for grain yield showed that both in Malawi and Zimbabwe drought
conditions discriminated the testcrosses equally. High nitrogen environments in Malawi
and Zimbabwe and the no nitrogen fertilization in Malawi were another group of similar
environments while low nitrogen and well-watered environments in Zimbabwe also
discriminated testcrosses in similar manner (Fig. 38). The biplot also showed that the

high nitrogen environments were completely different from the drought environments.
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Fig. 38. AMMI biplot for grain yield showing the relationship among environments for experiment
CML444 x K64R evaluated across all environments in Malawi and Zimbabwe in 2003 and 2004.
(LN, low nitrogen; WW MLW, well-watered Malawi; WW ZM, well-watered Zimbabwe, NF,
no nitrogen fertilization; DRT MLW, drought Malawi; DRT ZM, drought Zimbabwe; HN
MLW, high nitrogen Malawi; HN ZM, high nitrogen Zimbabwe).
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Expected genetic gain

Expected genetic gain from direct selection was estimated using heritabilities and
genetic variance for individual environments (Table 66). Gains for indirect selection
were not estimated because most correlation coefficients between environments were not
estimable. The results from this study indicate that genetic gains were variable across
locations and environments. The highest genetic gains were observed for Harare high
nitrogen (1.10 Mg ha') and Chitedze no nitrogen fertilization (0.62 Mg ha™)
environments and the lowest genetic gains were for well-watered conditions (0.00)

(Table 66).

Table 66. Expected genetic gain for grain yield (Mg ha™) per environment for
experiment CML444 x K64R conducted in Malawi and Zimbabwe in 2003 and
2004 assuming selection of the best 10%.

Gen. Genetic Gain
Environment Mean  Error  variance h? (R)
Chitedze no fertilization 5.32 1.17 0.34 0.37 0.62
Harare low N 0.87 0.13 0.01 0.16 0.07
Chitedze high N 5.17 1.73 0.25 0.22 0.41
Harare high N 9.64 1.7 0.81 0.49 1.10
Chiredzi well-watered 4.66 0.81 0.00 0.00 0.00
Chitala well-watered 5.15 0.9 0.00 0.00 0.00
Chitala drought 1.84 0.39 0.08 0.28 0.26
Chiredzi drought 0.2 0.03 0.02 0.52 0.18
Average across locations 4.09 0.88 0.06 0.45 0.29

}?, broad sense repeatability.
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Expected genetic gain across environments was 0.29 Mg ha' while the high nitrogen

environment resulted in the highest genetic gain of 0.66 Mg ha™ (Table 67).

Table 67. Expected genetic gain for grain yield (Mg ha™) across environments for
experiment CML444 x K64R conducted in Malawi and Zimbabwe in 2003 and
2004 assuming selection of the best 10%.

Gen. GxE Genetic
Environment Mean Error variance  variance h? Gain (R)
Across all environments 4.09 0.88 0.06 0.26 0.45 0.29
Across high N 7.42 0.77 0.44 0.00 0.32 0.66
Across well-watered 4.9 0.85 0.00 0.00 0.00 0.00
Across drought 1.00 0.19 0.00 0.02 0.00 0.00

I’, broad sense repeatability.

Preliminary assessment of MAS efficiency in testcrosses

There were no significant differences for the means of the best 50 testcrosses selected

for favorable alleles at consistent QTL and the mean of the worst 50 testcrosses selected

for unfavorable alleles at the same QTL either within

environments (Table 68).

environments Or across

Table 68. Mean grain yield, for the first and last 50 entries, their significances at
single and across environments for population experiment CML444 x K64R

conducted in Malawi and Zimbabwe in 2003 and 2004.

Environment Mean (ent. 1-50) Mean (Ent. 51-100) Difference Significance
(Mg ha™") (Mg ha™)
Chitedze no fertilization 542 5.22 0.20 NS
Harare low N 0.82 0.92 -0.10 NS
Chitedze high N 5.12 5.22 -0.10 NS
Harare high N 9.70 9.60 0.10 NS
Chitala well-watered 4.68 4.64 0.04 NS
Chiredzi well- watered 5.10 5.20 -0.10 NS
Chitala drought 1.90 1.80 0.10 NS
Chiredzi drought 0.20 0.20 0 NS
Average across locations 4.11 4.06 0.05 NS
Average High N 7.47 7.38 0.09 NS
Average Well-watered 4.88 4.92 -0.04 NS
Average Drought 1.01 0.99 0.02 NS
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Top five entries for grain yield were selected for each environment by ranking the
testcrosses from the highest to the lowest yielding genotype. The results showed that
both groups of testcrosses contributed to the list of five most high yielding testcrosses
although more testcrosses came from the group that was selected for less favorable
alleles (Table 69). Some consistent performance was observed for some testcrosses. For
example entries 46, 29 and 96 were among the top 5 high yielding testcrosses under all

the two well-watered environments.

Table 69. Top yielding 5 entries for grain yield at single environment and across
environments for population CML444 x K64R evaluated in Malawi and
Zimbabwe in 2003 and 2004.

Environment Best 5 entries
Chitedze no fertilization 6, 7, 61, 23, 85
Harare low N 88, 30, 84, 51, 56
Chitedze high N 68, 20, 66, 94, 64
Harare high N 98, 12,47, 93, 17
Chitala well-watered 96, 46, 90, 53, 29
Chiredzi well-watered 75, 46, 96, 29, 42
Chitala drought 2,98,62,1, 60
Chiredzi drought 97, 65, 21, 43, 68
Average across locations 96, 98, 30, 12, 53
Average High N 98,94, 13, 68, 93
Average Well-watered 96, 26, 90, 57, 46
Average Drought 97, 43, 67, 2, 60

In order to identify testcrosses that reduce their performances less under stressed
conditions relative to unstressed conditions at the same locations, drought tolerance
index (DIT) and nitrogen tolerance index (NTI) were estimated. Testcrosses that
maintain good performance under stress are good sources of drought and low nitrogen
tolerant genes. The testcrosses with the best DTI and NTI indices came from both groups
(Table 70). The average DTI of the first and last 50 entries were 50.7% and 60.6% in
Malawi, and 95.5% and 96.2% in Zimbabwe, respectively (Appendix O). The average
NTI for the first and last 50 entries was 91.4% and 90.3%, respectively in Zimbabwe.
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Table 70. Best 5 testcrosses for drought tolerance index (DTI) and nitrogen
tolerance index (NTI) for population CML444 x K64R evaluated in Malawi and
Zimbabwe in 2003 and 2004.

Parameter Zimbabwe Malawi

DTI (%) 97,21,9,43,65 2,76,44, 67,17
NTI (%) 56, 19, 30, 51, 88 -
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Population CML312/NAW

Results per environment

Chitedze no nitrogen fertilization

This experiment was conducted under no nitrogen fertilization and rain fed conditions at
Chitedze Research Station (Malawi) during the 2003 and 2004 season. The purpose was
to induce low N stress, however, the nitrogen content in the soil was higher than
expected and no stress was apparent. Grain yield average was 5.47 Mg ha™ (range 2.98
to 9.38 Mg ha™) (Table 71). Significant differences were observed for grain yield,
anthesis date, ears per plant and moisture content but not for anthesis-silking interval,
grain texture and plant height (Table 71). Heritability estimates were 0.18, 0.17, 0.21,
0.06, 0.15, 0.16 and 0.24 for grain yield, anthesis date, anthesis-silking interval, plant
height, ears per plant, gain texture and moisture content, respectively. Average grain
yield for the first 50 testcrosses was not significantly greater than the average for the last

50 testcrosses (Table 71).

Grain yield had a positive genotypic correlation with ears per plant while moisture
content was positively correlated with 50% anthesis date (Table 72). Phenotypic
correlations were positive between grain yield and 50% anthesis date. Moisture content

had also positive correlations with 50% anthesis date (Table 72 and Fig. 39).
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Table 71. Statistics, genotypic variance, heritability and their standard errors for
traits in testcrosses from population CML312 x NAW evaluated under no
nitrogen fertilization at Chitedze, Malawi in 2003 and 2004.

Statistics GYG® AD ASI PH EPP TEX MOI
Mg ha™! d d cm # 1-5 %

Mean 5.47 724 1.00 2520  0.90 2.90 14.5
Significance ok * NS NS * NS *

Minimum 2.98 643  -0.50 1350  0.70 2.00 7.00
Maximum 9.38 77.2 350 273.0 130 4.00 16.7
LSD (5%) 2.63 10.2 1.72 430 0.23 0.90 248
CV (%) 24.8 7.10 87.5 8.32 1.28 15.3 8.14
MSE 1.86 26.4 0.77  439.1  0.01 0.19 1.39
Mean (Ent. 1-50) 5.55 722 1.00 2520 097 2.90 14.5
Mean (Ent. 51-100)  5.38 72.5 1.00 2510 095 3.00 14.4
0% 1.87 26.4 0.70 4402  0.02 0.22 1.95
o’ 0.20 2.75 0.09 13.2 0.002  0.02 0.30
h? (family basis) 0.18 0.17 0.21 0.06 0.15 0.16 0.24
Standard Error A’ 0.18 0.17 0.16 0.21 0.18 0.17 0.17

*E* x% * Significant at P < 0.001, 0.01 and 0.05, respectively, and NS = non significant.
GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; EPP, ears per plant;
MOI, grain moisture content; TEX, grain texture.

Table 72. Genotypic (above diagonal) and phenotypic (below diagonal)
correlations and their standard errors (SE) for population CML312 x NAW
evaluated under no nitrogen fertilization at Chitedze, Malawi in 2003 and 2004.

GYG AD EPP MOI
GYG -0.11 (4.93) 0.40 (3.20) -0.66 (2.34)
AD 1.48 (0.08) -3.27 (6.20) 0.60 (0.35)
EPP 0.35 (6.73) -0.64 (0.01) 0.54 (0.80)
MOI 0.18 (0.07) 0.66 (0.04) 0.48 (0.10)

GYG, grain yield; AD, 50% anthesis; EPP, ears per plant; MOI, moisture content.
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Fig. 39. Single value decomposition biplot of standardized traits showing their
correlations for population CML312 x NAW evaluated under no nitrogen fertilization at
Chitedze, Malawi in 2003 and 2004. (GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking
interval; PH, plant height; EPP, ears per plant; TEX, grain texture; GWT, 100 kernel weight;
MOI, moisture content).

Harare low nitrogen

This experiment was conducted under low nitrogen conditions in Harare (Zimbabwe)
under rainfed conditions during the 2003/2004 season. The trial did not receive any
nitrogen fertilization, just 60 kg ha™ of P,Os. There were significant differences for all
the traits except ears per plant and moisture content (Table 73). Mean values of the best
50 genotypes were significantly higher than the mean of the 50 worst genotypes. Grain
yield, and plant height had moderate heritabilities of 0.38 and 0.49, respectively, while

anthesis date was low (0.22) and the other traits were 0.00.



Table 73. Statistics, genotypic variance, heritability and their standard errors for
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traits in testcrosses from population CML312 x NAW evaluated under low

nitrogen at Harare, Zimbabwe in 2003 and 2004.

Statistics GYG AD ASI PH EPP MOI
Mg ha’' d d cm # %

Mean 1.75 79.4 1.73 232.1 0.91 9.46
Significance ok ok * ok NS NS

Minimum 0.47 74.2 -1.63 199.2 0.43 7.44
Maximum 3.24 85.4 5.23 295.8 1.60 11.1
LSD (5%) 1.27 4.52 3.00 32.6 1.70 2.45
CV (%) 87.5 2.90 91.1 7.00 92.9 11.0
MSE 0.44 5.63 2.43 169.18  0.74 0.98
Mean (Ent. 1-50) 1.84 79.4 1.60 264.0 1.00 9.50
Mean (Ent. 51-100) 1.64 79.4 1.90 262.0 0.80 9.40
o’ 0.44 5.34 2.27 154.8 0.73 0.87
6’6 0.13 0.75 0.00 52.1 0.00 0.00
I’ (family basis) 0.38 0.22 0.00 0.40 0.00 0.00
Standard Error A’ 0.13 0.17 0.00 0.13 0.00 0.00

wdk ek * Significant at P <0.001, 0.01 and 0.05, respectively, and NS = non significant.

GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; EPP, ears per plant;

MOI, moisture content.

Plant height had positive genotypic correlations with grain yield while grain yield was

also positively correlated with moisture content (Table 74 and Fig. 40). Negative

phenotypic correlations were observed between grain yield and anthesis date and

between plant height and anthesis-silking interval. Grain yield and plant height were

positively correlated.

Table 74. Genotypic (above diagonal) and phenotypic (below diagonal)

correlations and their standard errors (SE) for population CML312 x NAW
conducted under low nitrogen conditions in Harare, Zimbabwe during 2003 and

2004.
GYG AD PH
GYG 0.28 (0.54) 0.69 (1.85)
AD  -0.27(0.07) 0.87 (0.78)

PH  0.36(0.22) -0.11 (0.08)

GYG, grain yield; AD, 50% anthesis; PH, plant height.
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Fig. 40. Single value decomposition biplot of standardized traits showing their correlations for
population CML312 x NAW evaluated under low nitrogen fertilization in Harare, Zimbabwe in
2003 and 2004. (GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant
height; EPP, ears per plant; MOI, moisture content).

Chitedze high nitrogen

This experiment was conducted at Chitedze Research Station during the 2003/2004
season under rainfed conditions. This trial was fertilized with 120 kg N ha™ and 60 kg
ha™ P,0s. The testcrosses were significantly different for grain yield and grain texture
only but not for the other traits (Table 75). No significance differences were observed
between the means of the first 50 testcrosses and the mean of the second 50 testcrosses.

Grain texture had the highest heritability estimate of 0.82, 0.31 for grain yield, 0.19 for
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plant height, 0.14 for 50% anthesis date while the other traits had 0.00 heritability

estimates. Grain yield averaged 4.54 Mg ha™ and had a range of 1.97 to 7.33 Mg ha™".

Table 75. Statistics, genotypic variance, heritability and their standard errors for

traits in testcrosses from population CML312 and NAW evaluated under high

nitrogen fertilization at Chitedze, Malawi in 2003 and 2004.

Statistics GYG AD ASI PH EPP TEX MOI
Mg ha’! d d cm # 1-5 %
Mean 4.54 79.7 0.69 2234 1.03 3.06 14.8
Significance * NS NS NS NS oAk NS
Minimum 1.97 77.1 -3.51 188.9 0.90 2.06 13.3
Maximum 7.13 83.9 2.96 252.5 1.51 4.19 16.1
LSD (5%) 2.33 3.55 2.83 32.1 0.27 0.45 1.72
CV (%) 24.8 2.24 204.4 7.08 14.1 6.50 5.57
MSE 1.27 3.21 1.99 250.5 0.02 0.04 0.68
Mean (Ent. 1-50) 4.45 79.7 0.80 223.0 0.89 2.90 14.8
Mean (Ent. 51-100) 4.62 79.8 0.55 224.0 0.85 3.10 14.8
o’ 1.27 3.21 1.99 250.5 0.03 0.05 0.68
6’6 0.29 0.26 0.00 28.6 0.00 0.11 0.00
h’ (family basis) 0.31 0.14 0.00 0.19 0.00 0.82 0.00
Standard Error 4’ 0.15 0.20 0.00 0.17 0.00 0.04 0.00

*E* x% * Significant at P <0.001, 0.01 and 0.05, respectively, and NS = non significant.
GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; RL, root lodging;
EPP, ears per plant; MOI, grain moisture content; TEX, grain texture.

Only weak negative genotypic and positive phenotypic correlations were observed

between grain yield and grain texture (-0.04 and 0.04, respectively) (Fig. 41).
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Fig. 41. Single value decomposition biplot of standardized traits showing their correlations for
population CML312 x NAW evaluated under high nitrogen conditions at Chitedze, Malawi
during 2003 and 2004. (GYG, grain yield AD, 50% anthesis; ASI, anthesis-silking interval; PH,
plant height; EPP, ears per plant; TEX, grain texture; GWT, 100 kernel weight).
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This experiment was conducted in Harare (Zimbabwe) under rainfed conditions during

the 2003/2004 season. The trial was fertilized with 120 kg N ha! and 60 kg ha™! P,0s.

Differences among testcrosses were significant for 50% anthesis date, anthesis-silking

interval and plant height (Table 76). Grain yield average was 8.74 Mg ha™ with a range

of 530 to 11.20 Mg ha”. All traits with significant differences had a range of

heritability estimates from 0.33 to 0.69. Heritability estimates were 0.51 for 50%

anthesis date, 0.22 for anthesis-silking interval, 0.20 for grain yield and 0.05 for plant

height. Moisture content had 0.00 heritability estimates (Table 76).

Table 76. Statistics, genotypic variance, heritability and their standard errors for

traits in testcrosses from population CML312 x NAW evaluated under high
nitrogen fertilization at Harare, Zimbabwe in 2003 and 2004.

Statistics GYG AD ASI PH MOI
Mg ha d d cm %
Mean 8.74 71.4 1.26 275.6 14.0
Significance NS kol * * NS
Minimum 5.30 68.2 -1.52 244.1 11.1
Maximum 11.2 74.6 3.66 295.3 15.5
LSD (5%) 2.92 3.03 2.00 24.3 2.30
CV (%) 17.6 2.21 73.8 5.20 7.70
MSE 2.36 2.50 0.86 204.0 1.15
Mean (Ent. 1-50) 8.50 71.2 1.20 275.0 13.9
Mean (Ent. 51-100) 8.90 71.5 1.30 277.0 13.9
o% 2.26 2.17 0.98 175.1 1.29
o’g 0.29 1.12 0.14 5.06 0.00
h? (family basis) 0.20 0.51 0.22 0.05 0.00
Standard Error /4’ 0.16 0.10 0.18 0.20 0.00

*E* x* * Significant at P < 0.001, 0.01 and 0.05, respectively, and NS = non significant.
GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; MOI,

grain moisture content.

Negative phenotypic correlations were observed between 50% anthesis date and

anthesis-silking interval and between 50% anthesis date and plant height (Table 77).
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Positive correlation was observed between grain yield and plant height. (Table 77 and

Fig. 42).

Table 77. Genotypic (above diagonal) and phenotypic (below diagonal)
correlations and their standard errors (SE) from population CML312 x NAW
conducted under high nitrogen conditions at Harare, Zimbabwe during 2003
and 2004.

AD ASI PH
AD 1.03(029)  0.32(0.72)
ASI -0.49 (0.60) -0.38 (0.93)
PH -0.02 (0.08) 0.07 (0.08)

AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height.

08 AD 0.6 0.4

Fig. 42. Single value decomposition biplot of standardized traits showing their correlations for
population CML312 x NAW evaluated under high nitrogen conditions in Harare, Zimbabwe
during 2003 and 2004. (GYG, grain yield; AD, 50% anthesis; PH, plant height; ASI, anthesis-
silking interval; MOI, moisture content).
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Chitala well-watered experiment

This experiment was conducted under irrigated conditions at Chitala Experimental
Station (Malawi) during the dry season in 2004. Water was applied to the experiment to
field capacity from planting up to physiological maturity. The trial was fertilized with
120 kg N ha™' and 60 kg ha™ P,Os. Grain yield, anthesis-silking interval, plant height
and ears per plant had significant differences among the testcrosses (Table 78).
Heritabilities were low for all the traits: 0.17 for grain yield, 0.24 for anthesis-silking
interval, 0.22 for plant height, 0.01 for moisture content while the rest of the traits had
0.00 heritability estimates. The mean of the first and last 50 testcrosses were not
significantly different from each other. Average grain yield was 3.90 Mg ha™ while the
range was 1.28 to 6.03 Mg ha (Table 78).

Table 78. Statistics, genotypic variance, heritability and their standard errors for
traits in testcrosses from population CML312 x NAW evaluated under well-
watered conditions at Chitala, Malawi in 2004.

Statistics GYG AD ASI PH EPP TEX MOI
Mg ha d d cm # 1-5 %
Mean 3.90 79.6 2.71 202.6 0.66 2.69 13.9
Significance ok NS * Hok ok NS NS
Minimum 1.28 76.3 0.86 128.6 0.21 1.95 10.9
Maximum 6.03 84.7 6.71 232,1 9.70 3.50 16.8
LSD (5%) 1.94 3.77 2.35 25.1 0.30 1.07 3.00
CV (%) 24.6 2.40 47.9 6.40 31.6 20.2 9.80
MSE 0.92 3.81 1.70 168.1 0.04 0.30 1.84
Mean (Ent. 1-50) 3.90 79.6 2.80 204.0 0.70 2.70 13.9
Mean (Ent. 51-100) 3.90 79.6 2.60 201.0 0.70 2.70 13.9
o 0.92 3.22 1.40 168.0 0.03 0.28 2.03
6’6 0.09 0.00 0.22 23.9 0.00 0.00 0.01
R’ (family basis) 0.17 0.00 0.24 0.22 0.00 0.00 0.01
Standard Error 4’ 0.19 0.00 0.17 0.19 0.00 0.00 0.25

otk ok * Significant at P < 0.001, 0.01 and 0.05, respectively, and NS = non significant.
GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; EPP, ears per plant;
MOI, grain moisture content; TEX, grain texture.
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Grain yield had positive genotypic correlations with plant height and negative
correlation with anthesis-silking interval (Table 79). Most phenotypic correlations

amongst the traits were positive but in low magnitude (Table 79 and Fig. 43).

Table 79. Genotypic (above diagonal) and phenotypic (below diagonal)
correlations and their standard errors (SE) from population CML312 x NAW
conducted under well-watered conditions at Chitala, Malawi in 2004.

GYG ASI PH EPP
GYG -0.50 (1.36) 0.37 (0.58) -

ASI 0.002 (0.08) 0.91 (0.003) -

PH 0.13 (0.01) -0.001 (0.001) 0.47 (3.54)
EPP - 0.13 (0.08) 0.05 (0.09)

GYG, grain yield; ASI, anthesis-silking interval; PH, plant height; EPP, ears per plant.
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Fig. 43. Single value decomposition biplot of standardized traits showing their
correlations for population CML312 x NAW evaluated under well-watered conditions at
Chitala, Malawi in 2004. (GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval;
PH, plant height; EPP, ears per plant; MOI, grain moisture content, TEX, grain texture.
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This experiment was conducted under well-watered conditions at Chiredzi, Zimbabwe

during the dry season under irrigation in 2004. Water was applied to the experiment to

field capacity from planting up to physiological maturity. The trial was fertilized with
120 kg N ha™ and 60 kg ha™ P,0s. Mean grain yield was 6.06 Mg ha™', while the range

was from 4.23 to 7.65 Mg ha. No significant differences were observed for any trait

and for the means of the first and last 50 testcrosses (Table 80). This was not expected as

no apparent reason was observed that could increase the error or reduce genotypic

variance.

Table 80. Statistics, genotypic variance, heritability and their standard errors for

traits in testcrosses from population CML312 x NAW evaluated under well-
watered conditions at Chiredzi, Zimbabwe in 2004.

Statistics GYG AD ASI PH EPP MOI
Mg ha™! d d cm # %
Mean 6.06 101.0 0.75 256.2 0.95 9.65
Significance NS NS NS NS NS NS
Minimum 4.23 97.5 -1.91 217.6 0.69 7.88
Maximum 7.65 103.4 2.59 286.3 1.17 12.6
LSD (5%) 2.08 2.44 2.38 39.0 0.26 2.17
CV (%) 17.3 0.50 0.70 6.81 15.5 11.0
MSE 1.09 1.39 1.29 304.1 0.02 1.13
Mean (Ent. 1-50) 6.00 100.9 0.80 257.0 0.93 9.67
Mean (Ent. 51-100) 6.10 101.1 0.70 256.0 0.96 9.64
o’ 1.07 1.40 1.39 304.1 0.02 1.12
6’6 0.004 0.20 0.03 0.59 0.00 0.11
h’ (family basis) 0.01 0.22 0.05 0.004 0.00 0.17
Standard Error A’ 0.21 0.17 0.20 0.23 0.00 0.18

wA* xE * Significant at P <0.001, 0.01 and 0.05, respectively, and NS = non significant.

GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; EPP, ears per plant;

MOI, grain moisture content.

Single value decomposition biplot of standardized traits was done to estimate phenotypic

correlations among the traits. Strong phenotypic correlations were observed between

grain yield and ears per plant, between plant height and anthesis-silking interval, and
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between moisture content and 50% anthesis (Fig. 44). The pairs of positive correlations

were negatively correlated.

ASI

0-6
-6

Fig. 44. Single value decomposition biplot of standardized traits showing their
correlations for population CML312 x NAW conducted under well-watered conditions at
Chiredzi, Zimbabwe in 2004. (GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking
interval; PH, plant height; EPP, ears per plant; MOI, grain moisture content).

Chitala drought experiment

The experiment was conducted during the dry season at Chitala Experimental Station
(Malawi) in 2004. Water was applied to the experiment up to field capacity from
planting until three weeks before flowering, when irrigation was withdrawn. The

intention was to induce drought stress during the flowering period. No significant
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differences were observed for any trait (Table 81). All the traits had 0.00 heritability

estimates due to the non significance of the traits and subsequent estimates for genotypic

variance equal to 0.00. Grain yield averaged 1.29 Mg ha and ranged from 0.57 to 2.19

Mg ha™.

Table 81. Statistics, genotypic variance, heritability and their standard errors for

traits in testcrosses from population CML312 x NAW evaluated under drought
conditions at Chitala, Malawi in 2004.

Statistics GYG AD ASI PH EPP TEX  MOI GWT
Mg ha’! d d cm # 1-5 % g
Mean 1.29 80.7 3.83 175.3 0.52 2.55 20.1 35.2
Significance NS NS NS NS NS NS NS NS
Minimum 0.57 75.2 -1.40 50.7 0.08 1.44 13.5 24.6
Maximum 2.19 87.3 17.4  200.0 0.80 3.50 25.8 48.5
LSD (5%) 1.10 6.22 4.47 27.0 0.38 1.26 6.70 11.6
CV (%) 413 3.69 533 7.89 333 24.3 16.2 16.8
MSE 0.28 8.89 4.13 191.1 0.03 0.38 10.6 34.8
Mean (Ent. 1-50) 1.33 80.7 3.60 175.0 0.50 2.50 20.0 35.1
Mean (Ent. 51-100) 1.25 80.7 410 176.0 0.50 2.60 20.2 35.2
0% 0.25 8.89 6.23 191.1 0.02 0.33 9.59 313
o’ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
h? (family basis) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Standard Error /4’ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

wdk ek * Significant at P <0.001, 0.01 and 0.05, respectively, and NS = non significant.
GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; EPP, ears per plant;
MOI, grain moisture content, TEX, grain texture.

Phenotypic correlations among traits were estimated using single value decomposition of

standardized traits. Negative correlations were observed between grain yield and

anthesis-silking interval, between ears per plant and 50% anthesis date, and between

grain yield and 50% anthesis. Positive correlations were observed between grain yield

and ears per plant and between 100 kernel weight and 50% anthesis date (Fig. 45).
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Fig. 45. Single value decomposition biplot of standardized traits showing their correlations for
population CML312 x NAW conducted under drought conditions at Chitala, Malawi in 2004.
(GYG, grain yield, AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; EPP,
ears per plant; SEN, leaf senescence; GWT, 100 kernel weight; TEX, grain texture; MOI,
moisture content).

Chiredzi drought experiment

This experiment was conducted during the 2004 dry season at Chiredzi Experimental
Station (Zimbabwe). Water was applied to the experiment up to field capacity from
planting until three weeks before flowering when irrigation was withdrawn to induce
drought stress during the flowering period. Despite that nitrogen fertilizer was applied,
the general performance was poor because of inherent low fertility of the experimental
site. Grain yields were very low with a mean of 0.20 Mg ha™' (range was from 0.00 to

0.93 Mg ha™) (Table 82). Significance differences were observed for all traits. Estimates
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of heritabilities were moderate ranging from 0.26 for grain yield and was the highest for

anthesis date with 0.52. The mean of the best 50 and the mean of the worst 50 testcrosses

were not significantly different.

Table 82. Statistics, genotypic variance, heritability and their standard errors for

traits in testcrosses from population CML312 x NAW evaluated under drought

conditions at Chiredzi, Zimbabwe in 2004.

Statistics GYG AD ASI PH EPP
Mg ha! d d cm #
Mean 0.20 101.9 6.90 184.1 0.20
Signiﬁcance skksk skskk skksk * skskk
Minimum 0.00 98.3 0.10 120.2 0.20
Maximum 0.93 109.2 16.4 211.3 0.60
LSD (5%) 0.44 3.57 6.34 32.2 0.20
CV (%) 111.8 1.80 43.9 8.04 69.6
MSE 0.05 3.24 9.18 219.2 0.02
Mean (Ent. 1-50) 0.20 101.0 6.50 185.0 0.20
Mean (Ent. 51-100) 0.20 102.0 7.20 183.0 0.10
o’ 0.05 2.90 8.91 218.9 0.12
o’g 0.01 1.56 1.30 59.8 0.01
W (family basis) 0.26 0.52 0.23 0.35 0.47
Standard Error 4’ 0.16 0.10 0.33 0.12 0.12

otk ok * Significant at P < 0.001, 0.01 and 0.05, respectively, and NS = non significant.

GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; EPP, ears per plant.

Single value decomposition biplot of standardized traits showed grain yield was

positively correlated with ears per plant and negatively correlated with anthesis-silking

interval and 50% anthesis date (Fig. 46).
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Fig. 46. Single value decomposition biplot of standardized traits showing their correlations for
population CML312 x NAW evaluated under drought conditions at Chiredzi, Zimbabwe in
2004. (GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height;

EPP, ears per plant).
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Results across environments

Across all environments significant for grain yield

The analysis across environments was conducted for those environments that had
significant differences for grain yield in this population. These were no nitrogen
fertilization (Chitedze), low nitrogen (Harare), high nitrogen (Chitedze), well-watered
(Chitala) and drought (Chiredzi).

There were significant differences for grain yield, 50% anthesis date, plant height,
moisture content and 100 kernel weight (Table 83). Average grain yield was 3.19 Mg
ha™'. Heritability estimates were generally low for all the traits with 0.04 for grain yield,
0.32 for 50% anthesis date, 0.04 for anthesis-silking interval, 0.27 for plant height, 0.45
for moisture content, 0.21 for grain texture, 0.37 for 100 kernel weight and 0.00 for ears

per plant.

Table 83. Statistics, averages, variance components, heritability and its standard
error for experiment CML312 x NAW across all environments with significant
differences for grain yield in Malawi and Zimbabwe in 2003 and 2004.

Statistics GYG AD ASI PH EPP MOI TEX GWT
Mgha' d d cm # % 1-5 g

Mean 3.19 85.53 2.04 218.88  0.62 3.02 13.50 40.21
Significance * *orx NS HEE NS HEx NS o
Cv 36.12 375 71.74 8.54 67.37 1434 996 12.86
o’ 0.91 822 244 26332 0.17 0.19 1.31 24.23
6’6 0.005 0.43 0.01 11.93 0.00 0.02  0.04 1.48
G GxE 0.14 0.60  0.09 30.64 0.00 002 0.04 024
1’ (family basis) 0.04 032  0.04 0.27 0.00 0.45 0.21 0.37
Standard Error A’ 0.17 0.11 0.17 0.13 0.00 013 019 0.12

wA* xE * Significant at P <0.001, 0.01, and 0.05, respectively, NS = non-significant

GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; EPP, ears per plant;
MOI, grain moisture; TEX, grain texture; GWT, 100 kernel weight.

MSE, mean square error; 4°, broad sense repeatability.
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Positive genotypic correlations were observed between grain yield and plant height and
between grain yield and 100 kernel weight while negative correlations were between

grain yield and 50% anthesis date (Table 84).

Table 84. Genotypic (above diagonal) and phenotypic (below diagonal)
correlations and their standard errors (SE) from population CML312 x NAW
across environments significant for grain yield evaluated in Malawi and
Zimbabwe in 2003 and 2004.

GYG AD PH MOI GWT

GYG 0.21 (0.93) 1.59 (2.07) 1.94(3.73)  5.63(106.9)
AD -0.07 (0.03) 0.05 (0.40) 0.84 (0.83)

PH 0.37 (0.03) 0.19 (0.03) 1.17(1.05)  0.67 (0.57)
MOI 0.15 (0.04) 0.38 (0.03) 0.26 (0.03) -0.45 (0.83)
GWT 0.27 (0.03) - 0.26 (0.03) 0.22 (0.04)

GYG, grain yield; AD, 50% an thesis date; PH, plant height; MOI, moisture content; GWT, 100 kernel
weight.

Across high N environments

Experiments conducted under high nitrogen environments in Malawi and Zimbabwe
during the 2003/2004 were used in this analysis. Significant differences were observed
for grain yield, 50% anthesis date and grain texture in analysis across optimal nitrogen
fertilization under rain fed conditions in Malawi and Zimbabwe during the 2003/2004
season (Table 85 and Appendix K). Heritability estimates were 0.84 for grain texture,
0.46 for 100 kernel weight, and 0.28 for grain yield. The rest of traits including anthesis-

silking interval, ears per plant and moisture content had 0.00 heritability estimates.
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Table 85. Statistics, averages, variance components, heritability and its standard
error for experiment CML312 x NAW across high nitrogen conditions in

Malawi and Zimbabwe in 2003 and 2004.

Statistics GYG AD ASI PH EPP MOI TEX GWT
Mg ha'! d d cm # % 1-5 g
Mean 6.62 75.6 0.99 249.6 0.66 14.8 3.06 41.6
Significance *oE ok NS NS NS NS oAk NS
CV% 21.1 232 128.2 6.20 28.2 6.20 7.80 11.1
o’ 1.77 2.67 1.61 212.8 0.67 0.68 0.05 14.6
o 0.19 0.06 0.00 13.7 0.00 0.00 0.10  3.10
O GxE 0.08 0.64 0.00 3.51 0.00 0.00 0.01 0.00
h* (family basis) 0.28 0.05 0.00 0.20 0.00 0.00 084  0.46
Standard Error 4’ 0.15 0.20 0.00 0.17 0.00 0.00 0.04 0.11

*Hk % * Significant at P < 0.001, 0.01, and 0.05, respectively, NS = non-significant
GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; EPP, ears per plant;

MOI, grain moisture; TEX, grain texture; GWT, 100 kernel weight.
MSE, mean square error; 4°, broad sense repeatability.

Across drought environments

This is a combined analysis of two experiments that were conducted under drought stress

in Malawi and Zimbabwe in 2004. No significant differences were observed for all traits

except anthesis-silking interval (Table 86 and Appendix L). Average grain yield was

very low (0.74 Mg ha™). In addition, heritabilities estimates ranged from 0.00 to 0.31.
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Table 86. Statistics, averages, variance components, heritability and its standard
error for experiment CML312 x NAW across drought environments in Malawi

and Zimbabwe in 2003 and 2004.

Statistics GYG AD ASI PH EPP MOI GWT
Mg ha’! d d cm # % g
Mean 0.74 91.3 4.06 180.0 0.32 20.2 353
Significance NS NS ok NS NS NS NS
Cv 72.7 3.36 56.6 11.7 57.5 16.1 17.0
o’ 0.15 6.21 6.69 206.4 0.02 9.59 31.3
o'g 0.001 0.17 0.75 14.0 0.001 0.00 0.00
O GxE 0.00 0.27 0.00 14.5 0.001 0.00 0.00
h’ (family basis) 0.02 0.09 0.31 0.19 0.17 0.00 0.00
Standard Error 4’ 0.18 0.21 0.17 0.19 0.19 0.00 0.00

*Hk % * Significant at P < 0.001, 0.01, and 0.05, respectively, NS = non-significant

GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; EPP, ears per plant;

MOI, grain moisture; GWT, 100 kernel weight.

MSE, mean square error; 4°, broad sense repeatability.

Correlations among traits across environments and stresses

Across all environments

Positive phenotypic correlations were observed between grain yield and ears per plant,

100 kernel weight and plant height across all stressed and non stressed environments

(Fig. 47). Flowering time (50 % anthesis date) and grain moisture were also closely

correlated. Anthesis-silking interval was negatively correlated with grain yield, plant

height and 100 kernel weight.
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Fig. 47. Single value decomposition biplot for different traits showing their correlations for
for population CML312 x NAW evaluated across all environments in Malawi and Zimbabwe in
2003 and 2004. (GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant
height; EPP, ears per plant; MOI, grain moisture; TEX, grain texture; GWT, 100 kernel
weight).

Across high N environments

There were positive phenotypic corrections between grain yield and plant height, and
100 kernel weight and ears per plant. Negative correlation was observed between 50%
anthesis date and anthesis-silking interval and between ears per plant and grain texture

(Fig. 48).
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Fig. 48. Single value decomposition biplot across high nitrogen environments for
population CML312 x NAW evaluated in Malawi and Zimbabwe in 2003 and 2004. GYG, grain
yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; EPP, ears per plant;
MOI, grain moisture; TEX, grain texture; GWT, 100 kernel weight.

Correlations across drought environments

Positive correlations were observed between grain yield and plant height and ears per
plant while 50% anthesis date was negatively correlated with plant height, grain yield
and ears per plant (Fig. 49). Grain yield was negatively correlated with anthesis-silking

interval and 50% anthesis date.
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Fig. 49. Single value decomposition biplot for different traits showing their correlations for
population CML312 x NAW evaluated across drought environments in Malawi and Zimbabwe
in 2003 and 2004. (GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH,
plant height; EPP, ears per plant; MOI, grain moisture; TEX, grain texture; GWT, 100 kernel
weight).

Relationships among environments for grain yield

The AMMI biplot for grain yield showed that in both Malawi and Zimbabwe, well-
watered environments discriminated the testcrosses equally. High nitrogen environments
also classified the genotypes in a similar manner. However, drought environments in
Malawi and Zimbabwe discriminated the genotypes differently. No nitrogen fertilization

and low nitrogen environments were closely related to high nitrogen environments (Fig.

50 and Table 87).
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Fig. 50. AMMI biplot for grain yield showing the relationship among environments for experiment
CML312 x NAW evaluated in Malawi and Zimbabwe in 2003 and 2004. (ZMLN, Zimbabwe low
nitrogen; MLWWW, well-watered Malawi; ZMWW, well-watered Zimbabwe, MLWNF,
Malawi no nitrogen fertilization, MLWDRT, drought Malawi; ZMDRT, drought Zimbabwe;
MLWHN, high nitrogen Malawi; ZMHN, high nitrogen Zimbabwe).

Table 87. Genotypic (above diagonal) and phenotypic (below diagonal)
correlations among environments and their standard errors (SE) for population
CML312 x NAW evaluated in Malawi and Zimbabwe in 2003 and 2004.

Environment MLWNF ZMLN MLWHN MLWWW ZMDRT
MLWNF 0.07 (0.44) 0.76 (0.63) -0.43 (0.82) -
ZMLN 0.01 (0.07) 0.55 (0.39) -0.42 (0.86) -
MLWHN 0.07 (0.07) 0.12 (0.07) -1.00 (1.03) -
MLWWW -0.09 (0.07) 0.05 (0.07) -0.04 (0.07) -
ZMDRT - - - -

ZMLN, Zimbabwe low nitrogen, MLWWW, well-watered Malawi; MLWNF, Malawi no nitrogen
fertilization; ZMDRT, drought Zimbabwe; MLWHN, high nitrogen Malawi.
“No estimable because one or the two traits were non significant at any environment
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Estimates of heritabilities and genetic variances were used to compute genetic gain for

both direct (selection in one environment or stress to improve performance in that

environment or stress) and indirect (selection in one environment or stress to improve

performance in another environment and stress). Estimates of genetic gain for direct

selection were variable across environments and stresses as consequence of variable

heritabilities and genetic variance display (Table 88). Greater genetic gains were from

Chitedze and Harare high nitrogen environments (0.52 and 0.42 Mg ha™, respectively)

while the lowest genetic gain was observed under drought stressed environment at

Chitala (0.00).

Table 88. Expected genetic gain for grain yield (Mg ha™) across environments and
stresses for population CML312 x NAW conducted in Malawi and Zimbabwe in

2003 and 2004 assuming selection of the best 10%.

Gen. Genetic Gain
Environment Mean  Error variance h? (R)
Chitedze no fertilization 547 1.87 0.20 0.18 0.33
Harare low N 1.75 0.44 0.13 0.38 0.39
Chitedze high N 4.54 1.27 0.29 0.31 0.52
Harare high N 8.74 2.26 0.29 0.2 0.42
Chitala well-watered 3.9 0.92 0.09 0.17 0.22
Chiredzi well-watered 6.06 1.07 0.004 0.01 0.01
Chitala drought 1.29 0.25 0.00 0.00 0.00
Chiredzi drought 0.2 0.05 0.01 0.26 0.09
Average across locations 4.00 1.03 0.02 0.18 0.11

I’, broad sense repeatability.

Expected genetic gain across all environments was 0.11 Mg ha™ (Table 89). The highest

genetic gain corresponded to environments under high nitrogen.
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Table 89. Expected genetic gain for grain yield (Mg ha™) across environments for
experiment CML312 x NAW conducted in Malawi and Zimbabwe in 2003 and
2004 assuming selection of the best 10%.

Gen. Genetic
Environment Mean Error variance h? Gain (R)
Across all environments 4.00 1.03 0.02 0.18 0.11
Across high N 6.62 1.77 0.19 0.28 0.40
Across well-watered 5.06 1.01 0.002 0.01 0.01
Across drought 0.74 0.15 0.001 0.02 0.01

Gen., genetic; h?, broad sense repeatability.

Estimates of correlated response for indirect selection were also variable depending on
the genetic correlation between selection and target environments as well as their
heritabilities (Table 90). The highest correlated response was for selection under low
nitrogen environments to improve environment with high nitrogen fertilization (0.44 Mg
ha™'). Positive correlated responses were estimated for selection under well-watered
environment to improve yield at high nitrogen environments (0.21 Mg ha™) and for
selection under no nitrogen fertilization to improve yield under high nitrogen (0.30 Mg
ha ). Negative correlated responses were estimated when selection was done under
well-watered conditions for low nitrogen and no nitrogen fertilization (-0.11 and -0.14
Mg ha™', respectively) and very low response when selection was done under no nitrogen
fertilization conditions to improve yield under low nitrogen (0.02 Mg ha™). These results

suggest that for this population, direct selection is more effective than indirect selection.
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Table 90. Correlated response estimates for indirect selection for different
environments and stresses for population CML312 x NAW evaluated in Malawi
and Zimbabwe in 2003 and 2004.

Selection under Response in Correlated Response (CR)
Well-watered no fertilization -0.14
Well-watered low nitrogen -0.11
Well-watered high nitrogen 0.21
No fertilization low nitrogen 0.02
No fertilization high nitrogen 0.30
Low nitrogen high nitrogen 0.44

Preliminary assessment of MAS efficiency in testcrosses

There were significant differences between the means of two groups of testcrosses in
only under low nitrogen environment in Zimbabwe but not for all other individual

environments and across (Table 91).

Table 91. Grain yield means for the first and last 50 entries, their differences and
significances at single and across environments for population CML312 x NAW
evaluated in Malawi and Zimbabwe in 2003 and 2004.

Environment Mean (Ent. 1-50) Mean (Ent. 51-100) Difference Significance

Grain yield Grain yield

(Mg ha™) (Mg ha™)
Chitedze no fertilization 5.55 5.38 0.17 NS
Harare low N 1.84 1.64 0.20 *
Chitedze high N 4.45 4.62 -0.17 NS
Harare high N 8.50 8.90 0.40 NS
Chitala well-watered 3.90 3.90 0 NS
Chiredzi well-watered 6.00 6.10 -0.10 NS
Chitala drought 1.33 1.25 0.08 NS
Chiredzi drought 0.20 0.20 0 NS
Average across locations 4.00 4.01 -0.01 NS
Average High N 6.52 6.74 -0.22 NS
Average well-watered 5.03 5.10 -0.07 NS

Average Drought 0.77 0.71 0.06 NS
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Selection of the best five entries for each environment was conducted based on the
highest yielding testcrosses to assess which group of testcrosses (best or worst)
contributed most to the 5 highest yielding testcrosses. Best 5 testcrosses came from both
groups (Table 92). It was observed that entry 10 was among the best 5 under no nitrogen
fertilization, low nitrogen, across all environments, across high nitrogen environments
and across drought environments. Entry 23 was among the best 5 under high nitrogen,
across all environments and across high nitrogen environments while entry 32 was
among the best 5 entries under high nitrogen, under drought stress and across all drought
environments. This indicates that there are potential genotypes that can perform across

environments and for specific environments.

Table 92. Top 5 entries for grain yield at single environment and across
environments for population CML312 x NAW evaluated in Malawi and
Zimbabwe in 2003 and 2004.

Environment Best 5 entries for grain yield
Chitedze no fertilization 40,53, 17, 10,75
Harare low N 10, 44, 83, 26, 16
Chitedze high N 74,71, 76,23, 56
Harare high N 90, 65, 32, 43, 85
Chitala well-watered 6, 98,45, 74, 68
Chiredzi well-watered 88, 36, 89, 38, 55
Chitala drought 32,26, 35,18, 94
Chiredzi drought 16, 96, 36, 85, 101
Average across locations 10, 23, 44, 40, 32
Average High N 10, 23, 85, 73, 25
Average Well-watered 98, 6, 38, 3, 99
Average Drought 32,10, 24,25, 26

Drought (DTI) and nitrogen (NTI) tolerance indices were estimated in order to identify
testcrosses that reduce less their performances under stressed conditions relative to
unstressed conditions at the same locations. Testcrosses that maintain a good

performance under stress are good sources for drought tolerance genes. The average DTI
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for the first and last 50 entries was 63.5% and 64.2% (Malawi) and 96.4% and 96.9%
(Zimbabwe), respectively (Appendix P). The average NTI for the first and last 50 entries
was 77.9% and 81.6%), respectively. The testcrosses with the best DTU and NTI indices
came from both groups (Table 93).

Table 93. Best testcrosses based on drought and nitrogen tolerance indices at two
locations for population CML312 x NAW evaluated in Malawi and
Zimbabwe in 2003 and 2004 season.

Parameter Zimbabwe Malawi
DTI 96, 16, 85, 36, 101 72,52, 18,94, 26
NTI 16, 26, 4, 10, 83 -
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Summary results across populations
Grain yield and its components

For selection, each environment served a different purpose. Low nitrogen environments
would help select cultivars which are superior in the utilization of available nitrogen
while high nitrogen and well-watered environments allowed for monitoring yield
potential under optimal conditions. Drought environments were meant to identify
cultivars which would do well under drought. The results from all the populations
showed that there was variability in these populations for grain yield, its components and
other agronomic traits. Highest average grain yields across populations and
environments were obtained from CML444 x K64R and lowest from CML440 x
COMPE. Generally, high yields were obtained from the high nitrogen environments

which was expected and lowest under drought.

The no nitrogen environment in Malawi produced grain yields which were comparable
and in some cases even higher than high nitrogen fertilization (a site meant to be a low
nitrogen site). This observation demonstrated the need for proper management of test
environments otherwise wrong conclusions can be drawn. Therefore, this site should no
longer be used as a low N site until further depletion is done to reduce the nitrogen
content of the soil. Malawi and Zimbabwe well-watered environments were consistently
non significant. This was very surprising because these locations had high grain yields
and more variability among testcrosses was expected. A possible reason to this could be
because the magnitude of the error was high. Another possible reason would be due to
the effect of single row plots which have been reported to reduce performance of
individual genotypes such as height, aggressive rooting and lax leaves which may
provide little or no advantage in well bordered plots and may be disadvantageous under
drought (Bolanos and Edmeades, 1996). This could hold true because this was under

well-watered conditions where plants are more vigorous. Banziger, et al., (1995)
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observed that small plots were not a major source of environmental error during

selection under low nitrogen.

Grain yield was associated with plant height, ears per plant, anthesis-silking interval and
anthesis date in populations CML441 x CML444, CML444 x K64R and CML312 x
NAW (Figures 51 and 52). No relation was observed between grain yield and ears per
plant in population CML440 x COMPE. This shows that as selection tools, some traits
can be more important in one population than another. Across environments, low
nitrogen, high nitrogen and drought environments were responsible for most of the
variation in all populations but well-watered environments were not significant (Table

94).

Table 94. Significances for grain yield and secondary traits across populations and
environments evaluated in Malawi and Zimbabwe in 2003 and 2004.

Population CML441 X Population CML440 X
CML444 COMPE
GY

ENVT GYG AD ASI PH EPP TEX |G AD ASI PH EPP TEX MOI
MLW
NF ok ko NS NS w * INS NS NS NS NS NS NS
ZM LN NS **k% *%k% *kk *kk NA * *% NS * NA NA NA
MLW
HN * NS ** #% NS ** INS NS NS NS NS NS NS
ZMHN % kNS e % Ea NS NS = NS NA NA
MLW
WWwW NS NS NS NS NS NS |[NS = NS =*=* NS NS NS
A\
WWwW ok Rk NS R x NA |[NS NS NS NS * NS NS
MLW
DRT * *k% *k%k *kk N S NA *% *k%k N S *% *k%k NA NA
M
DRT * NS NS NS NS NA |* NS NS NS #**=* NA NA
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Population CML444 X

Population CML312 X

K64R NAW
ENVT  GYG AD ASI PH EPP TEX |GYG AD ASI PH EPP TEX
MLW

NF w% % NS NS NS ®+ | x NS NS * NS
ZMLN = * NS NS * NA |= # & = NS NA
MLW

HN wk o wk NS o NSNS | NS NS NS NS »=*
ZMHN ** &% NS NS ** NA |NS * * * NS NA
MLW

WW NS NS NS NS NS NS |* NS *  » oo

ZM

WW NS NS NS NS NS NS [NS NS NS NS NS NS
MLW

DRT  * NS NS NS NS NS [NS NS NS NS NS NS
éI\R/lT *k%k *kk *k%k *k%k *k%k NA *k%k *kk *k%k * *k%k NA

GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant height; EPP, ears per plant;

MOI, grain moisture; GWT, 100 kernel weight.

ZMLN, Zimbabwe low nitrogen; MLWWW, well-watered Malawi; ZMWW, well-watered Zimbabwe,
MLWNF, Malawi no nitrogen fertilization; MLWDRT, drought Malawi; ZMDRT, drought Zimbabwe;
MLWHN, high nitrogen Malawi; ZMHN, high nitrogen Zimbabwe.
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Fig. 52. Relationship between grain yield and anthesis-silking interval (ASI) across
populations and stresses evaluated in Malawi and Zimbabwe in 2003 and 2004.

Heritabilities across populations

Estimates of heritability for the different traits were variable across environments and
populations. Testcrosses from CML441 x CML444 and CML444 x K64R had higher
heritability estimates for grain yield, 50% anthesis date, ears per plant and plant height
compared to the other two populations, CML440 x COMPE and CML312 x NAW.

Heritabilities were generally larger for grain yield, anthesis date, ears per plant and plant
height under high nitrogen and drought environments in both Malawi and Zimbabwe
across all populations (Fig. 53). While it has been observed that heritability of grain
yield declines under drought (Blum, 1988), the results of the current study indicate that

similar progress can be made for grain yield under both drought and low N conditions.



170

This is in agreement with what was reported by Lafitte and Edmeades (1994) especially
when grain yield is significantly different (Table 94 and Fig 54). The observed low
values of heritability estimates under well-watered conditions was due to non significant

differences for the traits, which resulted in genetic variance estimates being estimated to

ZCro.
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Fig. 53. Relationship between grain yield and heritability estimates across different environments
and populations evaluated in Malawi and Zimbabwe in 2003 and 2004.
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Fig. 54. Heritability estimates for grain yield, anthesis date, anthesis-silking interval, plant height
and ears per plant in four testcross populations across single environments. (ZMLN, Zimbabwe
low nitrogen; MLWWW, well-watered Malawi; ZMWW, well-watered Zimbabwe, MLWNF,
Malawi no nitrogen fertilization; MLWDRT, drought Malawi; ZMDRT, drought Zimbabwe;
MLWHN, high nitrogen Malawi; ZMHN, high nitrogen Zimbabwe).

Relationships between environments across populations

The AMMI analysis biplot highlights the behavior of environments in discriminating the

genotypes. In case of grain yield, drought and well-watered environments behaved

similarly, as well as high nitrogen and no nitrogen fertilization environments. This was

consistent for populations CML441 x CML444, CML444 x K64R and CML312 x

NAW. Apparently populations behaved in a similar manner across testing environments.

Population CML 440 x COMPE reacted to environments differently. Different
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populations then can have different response to environmental variation (Fig. 54a, b, c,

and d).
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Fig. 55a. AMMI biplots for grain yield showing the relationship among environments for
population CML441 x CML 444 evaluated in Malawi and Zimbabwe in 2003 and 2004.
(ZMLN, Zimbabwe low nitrogen; MLWWW, well-watered Malawi; ZMWW, well-watered
Zimbabwe, MLWNF, Malawi no nitrogen fertilization; MLWDRT, drought Malawi; ZMDRT,
drought Zimbabwe; MLWHN, high nitrogen Malawi; ZMHN, high nitrogen Zimbabwe).
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Fig. 55b. AMMI biplots for grain yield showing the relationship among environments for
populations CML440 x COMPE evaluated in Malawi and Zimbabwe in 2003 and 2004.

(ZMLN, Zimbabwe low nitrogen; MLWWW, well-watered Malawi;

ZMWW, well-watered

Zimbabwe, MLWNF, Malawi no nitrogen fertilization; MLWDRT, drought Malawi; ZMDRT,

drought Zimbabwe; MLWHN, high nitrogen Malawi; ZMHN, high nitrogen Zimbabwe).
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Fig. 55c. AMMI biplots for grain yield showing the relationship among environments for CML312
x NAW testcross populations evaluated in Malawi and Zimbabwe in 2003 and 2004. (ZMLN,
Zimbabwe low nitrogen; MLWWW, well-watered Malawi; ZMWW, well-watered Zimbabwe,
MLWNF, Malawi no nitrogen fertilization; MLWDRT, drought Malawi; ZMDRT, drought
Zimbabwe; MLWHN, high nitrogen Malawi; ZMHN, high nitrogen Zimbabwe).
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Fig. 55d. AMMI biplots for grain yield showing the relationship among environments for population
CML444 x K64R evaluated in Malawi and Zimbabwe in 2003 and 2004. (ZMLN, Zimbabwe
low nitrogen; MLWWW, well-watered Malawi; ZMWW, well-watered Zimbabwe, MLWNF,
Malawi no nitrogen fertilization; MLWDRT, drought Malawi; ZMDRT, drought Zimbabwe;
MLWHN, high nitrogen Malawi; ZMHN, high nitrogen Zimbabwe).

Expected genetic gain for selection and usefulness

Yield under low N was reduced by over 60 % compared to yield under high nitrogen
experiments across all the populations. Yield under drought was reduced by over 90% in
Zimbabwe and about 50% in Malawi compared to yield under well-watered
environments. High nitrogen environments had the highest genetic gain across all the
populations while drought conditions had the lowest genetic gain. Banziger et al. (1997)

that reported that selection under high nitrogen was less efficient for performance under
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low N when yield was reduced by more than 40%. Across all populations, higher

expected genetic gain was associated with high heritability estimates (Fig. 56).

Correlated responses were variable among the populations. Tescrosses from CML441 x
CML444 had the highest correlated response when selection was done under drought
conditions to improve yield under high nitrogen conditions (0.23 Mg ha™). Population
CML312 x NAW had the highest correlated response when selection was done under
low nitrogen to improve yield under high nitrogen conditions (0.44 Mg ha™). Negative
correlated responses means that direct selection is more beneficial than indirect selection

and also that testcrosses had to be selected for each environment separately.

Heritability estimates showed a positive correlation with genetic gain (Fig 56). The
higher the heritability, the higher the genetic gain. This correlation showed that the
possibility of making progress during selection is higher for traits or populations with
higher heritability estimates. For our populations, more progress could be achieved in
populations CML441 x CML444 and CML444 x K64R than with CML440 x COMPE
and CML312 x NAW. Selection for plant height, ears per plant, 50%, anthesis silking
interval and grain yield had greater expected genetic gain than other traits moisture

content, 100 kernel weight and root lodging.
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Fig. 56. Relationship between expected genetic gain (Mg ha™) for grain yield and heritability
estimates in four testcross populations evaluated in Malawi and Zimbabwe in 2003 and 2004
assuming a selection intensity of 10%.
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Correlation among traits across populations

Correlations between grain yield and secondary traits were variable across populations
(Fig. 56a and 56b). Positive correlations were observed between grain yield and ears per
plant, and grain yield and plant height in three of the populations (CML440 x COMPE,
CML444 x K64R and CML312 x NAW). Population CML441 x CML444 had positive
correlations between grain yield and ears per plant but not with between grain yield and
plant height. All populations had negative correlations between anthesis-silking interval
and grain yield, grain yield and 50% anthesis date and between anthesis-silking interval
and ears per plant (Fig 57) although the magnitudes were different. In addition, the data
also reveals that genotypic and phenotypic correlations of grain yield and ears per plant
were apparently higher across all the populations than the other traits suggesting that this
relationship is ubiquitous in maize. Ears per plant is one of the key traits that could be
used for indirect selection for grain yield in these populations and environments. The
negative correlation between grain and anthesis silking interval should also account for
the increased number of ears per plant as short anthesis silking interval is associated with
increased partitioning of assimilates to the growing ear and reduced number of barren

ears (Bolanos and Edmeades, 1996).

Genotypic and phenotypic correlations between grain yield and the rest of traits were
very small and inconsistent. Genotypic and phenotypic correlations generally agreed in

sign and magnitude although some exceptions existed.
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Fig. 57a. Single value decomposition biplot for different traits across environments for populations
CML441 x CML44 (above) and CML440 x COMPE (below) evaluated in Malawi and
Zimbabwe in 2003 and 2004. (GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking
interval; PH, plant height; EPP, ears per plant; MO, grain moisture; TEX, grain texture; GWT,
100 kernel weight).
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Fig. 57b. Single value decomposition biplot for different traits across environments and populations
CML444 x K64R (above) and CML312 x NAW (below) evaluated in Malawi and Zimbabwe in
2003 and 2004. (GYG, grain yield; AD, 50% anthesis; ASI, anthesis-silking interval; PH, plant
height; EPP, ears per plant; MO, grain moisture; TEX, grain texture; GWT, 100 kernel

weight).
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evaluated in Malawi and Zimbabwe in 2003 and 2004.

Preliminary assessment of MAS
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A comparison of the best and worst entries for grain yield showed that there were

significant differences among the best 50 and the worst 50 testcrosses in few cases

across the environments and populations (Table 95). Population CML441 x CMM444

had a large number of significant differences between the two groups than the other

populations. Population CML444 x K64R did not have any differences between the two

groups across all the environments. There was variability in the efficiency of MAS

among the different populations. Bernardo et al. (2002) indicated that lack of correlation

between QTLs and their correlated responses in the field are due to false positives which

account for 10 to 30 times more exaggerated. It was therefore recommended that in order

to improve efficiency of MAS, a 0.0001 probability level should be used compared to
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Table 95. Grain yield significances for the first and last 50 entries, at single
environments, across environments and across populations evaluated in Malawi
and Zimbabwe in 2003 and 2004.

Environment CML441 x CML440 x CML444 x CML312 x
CMLA444 COMPE K64R NAW

Chitedze no fertilization * NS NS NS
Harare low N * NS NS *
Chitedze high N * * NS NS
Harare high N NS NS NS NS
Chiredzi well-watered NS NS NS NS
Chitala well-watered * NS NS NS
Chitala drought NS NS NS NS
Chiredzi drought NS * NS NS
Average across NS NS NS NS
locations

Average High N NS NS NS NS
Average Well-watered NS NS NS NS
Average Drought NS NS NS NS

0.10 which is currently used by most researchers. This Marker assisted selection for
drought tolerance was not efficient in these populations. There are several possible
reasons for this outcome: (1) QTL mapping and MAS were conducted based on inbred
progeny performance when here selected inbreds were evaluated as testcrosses with
representative testers; (2) difference in environmental conditions between QTL mapping
and testcross evaluations could affect the results; and (3) MAS for several traits and
QTLs is difficult and complex. could be because we tested testcross and not the actual
inbred lines which were selected for MAS, too many QTLs and differences in testing
environments which affected MAS. However, the non-sisgnificance was also a good
indication that the one hundred genotypes tested were a good representation of each

population.

Using drought tolerance index and nitrogen tolerance index for in comparing the two
groups, also showed no differences. Recommended testcrosses for different
environments were also mixed from both the best and the worst group. The current
results suggests that more work needs to be done in order to fine tune the use of marker-

assisted selection in selecting drought and low N tolerant genotypes because the current
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study has not identified the difference between the best and the worst group of

testcrosses.
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CHAPTER V
CONCLUSIONS

There were significant differences among the populations for grain yield. Highest grain
yields were obtained from population CML444 x K64R and the lowest grain yields were
obtained from CML440 x COMPE. Across the test environments, high nitrogen sites had
the highest yields while the lowest were for drought conditions. The site which has been
used for low nitrogen experimentation at Chitedze in Malawi has accumulated a lot of
nitrogen, therefore it should be depleted further before any low N work is conducted on

this site.

Heritability estimates were variable across populations and environments. Testcrosses
from CML441 x CML444 and CML444 x K64R had higher heritability estimates for
grain yield, 50%anthesis date, ears per plant, and plant height compared to CML440 x
COMPE and CML312 x NAW. Across the test environments, drought and high nitrogen
environments had higher heritability estimates for grain yield, 50%anthesis date and ears
per plant. More progress during selection can be achieved in some populations and less

in others because if differences in heritability of the traits.

Environments discriminated testcrosses differently. Drought and well-watered
environments discriminated testcrosses in a similar manner as one group while high and
low nitrogen environments were also another group which discriminated the genotypes
equally. This discrimination was consistent for two populations CML441 x CML444 and
CML444 x K64R but different for populations CML440 x COMPE and CML312 x
NAW.

Correlations between grain yield and secondary traits were variable. All populations had
negative correlations between grain yield and anthesis silking interval while positive

correlations were observed between grain yield and ears per plant for all populations. So
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for these populations, these two traits could be used for more useful for indirect selection
for grain yield. However, genotypic and phenotypic correlations for the other traits were

very small and inconsistent but they generally agreed in sign and magnitude.

Marker-assisted selection was not efficient in this study possibly because we tested
testcross instead of the inbred lines which were selected for drought tolerance and also

because of differences in testing environments.

All populations had highest direct genetic gain from high nitrogen environments and
lowest gains were realized under drought. Correlated responses due to selection under
one environment to improve yield in another environment were different among the
populations. Grain yield were improved under high nitrogen environments when
selection was done under drought (CML441 x CML444) and under low nitrogen
(CML132 x NAW). But in general, direct selection was more beneficial than indirect

selection.

Results from the no nitrogen fertilization site at Chitedze and well-watered environments
have taught us the need for proper experimental management and good data collection as

pre-requisites to production of meaningful results from field experiements.
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CML444 EVALUATED ACROSS ALL ENVIRONMENTS IN MALAWI AND

ZIMBABWE IN 2003 AND 2004

Entry Pedigree Grain Rank Anth ASI Plant EPP Moisture Kernel
Yield Date height content weight
Mg/ha  # d d cm # % g

1 CML312/CML442/[[CML441/CML444]-B-1 4.86 11 815 2.7 1964 0.8 123 32.8
2 CML312/CML442//[CML441/CML444]-B-7 4.50 39 81.2 24 2102 0.8 124 32.3
3 CML312/CML442//[CML441/CML 444]-B-28 4.34 54 804 3.1 197.7 0.7 125 31.7
4 CML312/CML442//[[CML441/CML444]-B-31 4.67 22 821 23 2046 0.7 12.2 33.7
5 CML312/CML442//[CML441/CML444]-B-40 4.36 52 80.0 3.1 196.9 0.8 125 311
6 CML312/CML442//[CML441/CML444]-B-72 4.11 73 79.0 3.1 1875 0.7 124 33.7
7 CML312/CML442//[CML441/CML444]-B-103 5.02 2 806 3.1 2016 0.8 128 34.2
8 CML312/CML442//[[CML441/CML444]-B-121 4.60 32 81.0 1.8 197.7 0.7 126 36.1
9 CML312/CML442//[CML441/CML444]-B-133 4.33 56 80.2 3.2 195.0 0.7 124 31.9
10 CML312/CML442//[[CML441/CML 444]-B-135 4.22 65 81.2 2.6 2103 0.7 125 36.3
11 CML312/CML442//[CML441/CML444]-B-147 4.81 16 826 3.4 1950 0.7 12.6 32.9
12 CML312/CML442//[[CML441/CML444]-B-148 4.56 36 805 3.1 206.7 0.8 12.6 36.2
13 CML312/CML442/[[CML441/CML444]-B-157 4.16 71 816 3.6 200.6 0.7 12.6 34.8
14 CML312/CML442//[CML441/CML444]-B-158 4.23 64 80.8 2.1 1909 0.8 125 31.2
15 CML312/CML442//[[CML441/CML444]-B-167 4.18 70 80.0 3.0 196.9 0.8 11.9 27.7
16 CML312/CML442//[CML441/CML444]-B-177 4.98 5 822 3.2 2025 0.7 12.0 34.1
17 CML312/CML442/[[CML441/CML444]-B-188 4.75 18 80.2 3.5 206.0 0.7 123 33.4
18 CML312/CML442//[CML441/CML444]-B-203 471 20 813 25 199.1 0.7 132 31.9
19 CML312/CML442//[[CML441/CML 444]-B-205 4.64 28 794 3.1 1919 0.8 124 31.8
20 CML312/CML442//[CML441/CML444]-B-234 4.47 41 80.8 2.3 2074 0.8 127 30.4
21 CML312/CML442//[[CML441/CML444]-B-238 4.30 61 789 3.1 196.1 0.7 11.7 32.8
22 CML312/CML442//[CML441/CML444]-B-332 431 59 80.0 2.9 202.7 0.7 123 37.6
23 CML312/CML442//[[CML441/CML444]-B-348 4.88 10 79.8 3.8 210.2 0.8 11.9 30.9
24 CML312/CML442//[CML441/CML 444]-B-383 3.61 95 818 26 1851 0.8 114 30.1
25 CML312/CML442//[[CML441/CML444]-B-392 4.90 8 80.7 2.8 2044 0.8 126 32.6
26 CML312/CML442/[[CML441/CML444]-B-404 4.66 26 80.2 29 2028 0.8 127 32.4
27 CML312/CML442//[[CML441/CML444]-B-437 491 7 79.7 41 2012 0.7 133 33.6
28 CML312/CML442//[CML441/CML444]-B-445 3.62 94 813 2.3 200.2 0.7 125 31.8
29 CML312/CML442//[[CML441/CML444]-B-453 4.32 58 79.8 3.3 1955 0.7 128 32.0
30 CML312/CML442/[[CML441/CML444]-B-465 4.99 4 794 3.6 2042 0.7 129 31.6
31 CML312/CML442/[[CML441/CML444]-B-473 4.60 33 80.3 2.7 206.0 0.8 115 325
32 CML312/CML442//[[CML441/CML444]-B-481 4.48 40 81.3 29 203.7 0.7 12.2 27.2
33 CML312/CML442//[[CML441/CML444]-B-483 4.81 15 806 2.6 199.0 0.7 12.6 30.8
34 CML312/CML442/[[CML441/CML444]-B-487 431 60 81.2 3.1 2071 0.7 128 33.2
35 CML312/CML442//[CML441/CML444]-B-493 4.70 21 811 2.3 197.7 0.8 120 31.2
36 CML312/CML442//[[CML441/CML444]-B-494 5.35 1 814 20 2009 0.8 125 33.2
37 CML312/CML442//[CML441/CML 444]-B-501 4.85 12 809 3.0 1936 0.8 12.2 31.2
38 CML312/CML442//[CML441/CML444]-B-505 4.39 49 81.7 2.4 1939 0.7 121 32.0
39 CML312/CML442//[CML441/CML444]-B-514 458 34 814 23 1988 0.7 125 32.2
40 CML312/CML442//[[CML441/CML444]-B-534 4.07 76 815 25 2033 0.7 129 33.2
41 CML312/CML442//[CML441/CML 444]-B-603 4.67 23 79.6 3.3 1906 0.8 11.8 32.9
42 CML312/CML442//[[CML441/CML444]-B-662 3.83 89 795 24 2018 0.7 122 28.7
43 CML312/CML442//[CML441/CML444]-B-679 4.26 62 794 39 1982 08 127 28.2
44 CML312/CML442//[CML441/CML 444]-B-690 4.42 47 80.2 3.1 19.4 0.8 12.6 27.9
45 CML312/CML442//[CML441/CML444]-B-749 4.76 17 80.0 2.6 207.6 0.8 12.1 33.1
46 CML312/CML442//[[CML441/CML444]-B-772 4.03 79 795 29 1939 0.8 123 30.2
47 CML312/CML442/[[CML441/CML444]-B-789 419 67 79.4 3.2 2036 0.7 120 31.7
48 CML312/CML442//[CML441/CML444]-B-817 4.36 51 75.0 2.8 199.3 0.8 11.6 31.8
49 CML312/CML442//[[CML441/CML444]-B-2 4.40 48 81.1 3.6 2094 0.7 124 29.8
50 CML312/CMLA442//[CML441/CML444]-B-12-# 2.50 99 834 1.7 173.7 0.7 13.0 28.1
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Entry Pedigree Grain  Rank Anth ASI Plant EPP Moisture Kernel

Yield Date height content weight

Mg/ha # d d cm  # % g
51 CML312/CML442/[[CML441/CML444]-B-15 175 100 84.2 2.4 1550 0.6 115 22.2
52 CML312/CML442//[CML441/CML444]-B-51 4.57 35 80.0 3.6 202.7 0.8 131 28.0
53 CML312/CML442/[[CML441/CML444]-B-55 4.63 29 809 39 2021 0.7 124 35.0
54 CML312/CML442/[[CML441/CML444]-B-89 4.11 74 814 3.1 2035 0.7 12.9 35.8
55 CML312/CML442/[[CML441/CML444]-B-106 3.96 85 80.1 3.2 1975 0.7 129 27.3
56 CML312/CML442/[[CML441/CML444]-B-107 4.07 78 80.7 2.8 199.0 0.7 126 34.0
57 CML312/CML442/[[CML441/CML444]-B-165 4.60 31 811 3.1 1955 0.8 135 32.4
58 CML312/CML442//[CML441/CML444]-B-219 432 57 803 1.7 196.0 0.8 122 28.7
59 CML312/CML442/[[CML441/CML444]-B-273 4.25 63 80.1 25 2056 0.7 113 26.6
60 CML312/CML442/[[CML441/CML444]-B-277 4.18 68 79.8 29 1937 08 121 314
61 CML312/CML442/[[CML441/CML444]-B-299 4.52 38 79.8 29 2011 08 11.7 32.0
62 CML312/CML442/[[CML441/CML444]-B-320 4.03 80 79.0 41 2023 0.7 125 29.1
63 CML312/CML442/[[CML441/CML444]-B-324 3.59 96 78.7 3.7 1946 0.7 11.7 29.4
64 CML312/CML442/[[CML441/CML444]-B-337 3.96 86 795 3.0 1985 0.8 123 29.1
65 CML312/CML442/[[CML441/CML444]-B-341 3.70 93 789 3.1 1981 0.7 11.8 29.0
66 CML312/CML442//[CML441/CML444]-B-365 410 75 79.7 31 1952 0.7 116 32.6
67 CML312/CML442//[CML441/CML444]-B-375 398 84 805 39 2082 0.7 124 316
68 CML312/CML442/[[CML441/CML444]-B-380 4.39 50 78.7 25 1925 08 127 32.1
69 CML312/CML442//[CML441/CML444]-B-398 4.74 19 811 2.6 2075 08 127 33.7
70 CML312/CML442/[[CML441/CML444]-B-412 461 30 80.8 2.7 2053 0.8 12.3 33.2
71 CML312/CML442/[[CML441/CML444]-B-432 4.52 37 815 26 2073 08 129 29.1
72 CML312/CML442/[[CML441/CML444]-B-439 4.42 46 79.0 3.2 2116 0.7 12.0 37.4
73 CML312/CML442/[[CML441/CML444]-B-459 4.64 27 80.0 3.3 196.2 0.8 121 31.7
74 CML312/CML442/[[CML441/CML444]-B-482 4.84 14 813 3.2 2152 0.8 13.0 30.2
75 CML312/CML442/[[CML441/CML444]-B-497 4.91 6 808 3.4 2038 08 127 28.8
76 CML312/CML442/[[CML441/CML444]-B-500 4.99 3 80.2 39 2076 0.7 125 36.1
77 CML312/CML442//[CML441/CML444]-B-513 445 44 815 22 2039 09 129 319
78 CML312/CML442/[[CML441/CML444]-B-521 4.84 13 81.2 25 1964 0.7 124 31.6
79 CML312/CML442/[[CML441/CML444]-B-530 4.89 9 805 3.3 2081 0.7 129 325
80 CML312/CML442/[[CML441/CML444]-B-531 3.99 82 80.3 2.8 188.1 06 12.0 29.3
81 CML312/CML442/[[CML441/CML444]-B-587 3.49 97 80.1 26 189.7 06 12.8 34.8
82 CML312/CML442/[[CML441/CML444]-B-598 3.98 83 79.3 35 1937 0.7 125 28.9
83 CML312/CML442//[CML441/CML444]-B-608 446 43 796 3.6 1950 0.8 124 2738
84 CML312/CML442/[[CML441/CML444]-B-614 4.34 55 804 3.1 1933 08 122 29.2
85 CML312/CML442/[[CML441/CML444]-B-615 4.66 25 820 3.1 2110 08 124 30.0
86 CML312/CML442/[[CML441/CML444]-B-637 3.93 87 79.8 3.7 1978 08 12.1 33.6
87 CML312/CML442/[[CML441/CML444]-B-639 4.44 45 805 24 2058 08 12.3 335
88 CML312/CML442/[[CML441/CML444]-B-660 4.18 69 79.2 35 2044 0.8 11.6 29.5
89 CML312/CML442/[[CML441/CML444]-B-694 3.83 90 795 2.7 2010 0.8 11.7 28.7
90 CML312/CML442/[[CML441/CML444]-B-712 4.47 42 804 2.8 1999 08 11.9 35.5
91 CML312/CML442//[CML441/CML444]-B-726 4.07 77 80.2 3.3 2021 0.8 126 30.6
92 CML312/CML442/[[CML441/CML444]-B-752 3.71 92 78.7 22 1924 0.7 11.3 30.1
93 CML312/CML442//[CML441/CML444]-B-755 381 91 781 33 1953 08 120 35.7
94 CML312/CML442/[[CML441/CML444]-B-766 3.84 88 80.2 2.8 1856 0.7 11.9 28.3
95 CML312/CML442/[[CML441/CML444]-B-796 4.22 66 79.8 3.1 2020 0.7 121 29.6
96 SC513 401 81 799 38 1954 0.7 117 36.4
97 CML312/CML442//[CML441 3.11 98 80.2 3.2 1955 0.6 13.0 33.0
98 CML312/CML442//[CML444 4.66 24 819 26 2127 08 132 32.2
99 CML312/CML442//[CML441/CML444]-B-164 434 53 80.1 26 1954 0.8 123 30.3
100  CML312/CML442//[CML441/CML444]-B-164 4.15 72 798 2.8 1868 0.7 12.9 33.9
Mean 4.32 80.3 25 199.3 0.7 129 35.0
MSE 1.28 188 6.0 1069 0.4 17 47.8
P 0.00 00 00 0.0 00 0.0 0.0
CV 28.6 40 657 9.7 226 10.2 19.8

Anth date, 50% anthesis date; ASI, anthesis-silking interval; EPP, ears per plant
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CML444 EVALUATED ACROSS HIGH N ENVIRONMENTS IN MALAWI AND
ZIMBABWE IN 2003 AND 2004

Entry Pedigree Grain Rank Anth. ASI  Plant EPP Kernel MOI

Yield Date height weight

Mg/ha # d d cm # g Y%
1 CML312/CML442/[I[CML441/CML4441-B-1 912 2 /59 03 2311 10 392 150
2 CML312/CML442/[[CML441/CML4441-B-7 755 25 753 03 2454 09 416 155
3 CML312/CMLA442//[CML441/CML4441-B-28 693 50 748 08 2107 09 386 151
4 CML312/CML442//[CML441/CML4441-B-31 (71 21 764 03 2267 09 399 154
5 CML312/CML442//[CML441/CML4441-B-40 6.64 60 747 05 2296 09 365 164
6 CML312/CML442//[CML441/CML4441-B-72 634 70 723 13 2191 08 429 165
7 CML312/CMLA442//[CML441/CML4441-B-103 836 11 762 -08 2344 09 407 16.0
8  CML312/CML442//[CML441/CML4441-B-121 713 42 746 05 2249 08 433 167
9 CML312/CML442//[CML441/CML4441-B-133 754 26 723 18 2277 09 349 150
10 CML312/CML442//[CML441/CML4441-B-135 722 38 752 08 2477 08 439 16.6
11  CML312/CML442//[[CML441/CML4441-B-147 719 41 762 08 2317 09 369 153
12 CML312/CML442//[CML441/CML4441-B-148 816 14 729 13 2302 10 445 150
13 CML312/CML442//[CML441/CML4441-B-157 6.60 62 759 15 2370 06 389 156
14 CML312/CML442/[[CML441/CML4441-B-158 720 39 742 05 2210 09 361 168
15 CML312/CML442//[[CML441/CML4441-B-167 564 89 743 05 2128 08 351 161
16 CML312/CML442//[CML441/CML4441-B-177 929 1 743 08 2390 10 395 152
17 CML312/CML442//[CML441/CML4441-B-188 833 12 730 08 2389 10 407 16.0
18 CML312/CML442//[[CML441/CML4441-B-203 710 45 761 05 2323 08 455 161
19 CML312/CML442//[CML441/CML4441-B-205 (07 47 742 13 21v4 09 368 151
20 CML312/CML442/[[CML441/CML4441-B-234 643 67 761 10 2465 08 336 164
21 CML312/CML442/[[CML441/CML4441-B-238 612 78 746 03 2230 08 369 146
22 CML312/CML442/[ICML441/CML4441-B-332 682 54 747 05 2356 08 472 16.0
23 CML312/CML442//[[CML441/CML4441-B-348 753 27 749 13 2406 09 390 147
24 CML312/CML442/[ICML441/CML4441-B-383 573 86 752 13 2263 08 416 147
25 CML312/CMLA442/[[CML441/CML4441-B-392 767 23 752 10 2269 10 386 168
26 CML312/CML442/[I[CML441/CML4441-B-404 686 53 752 08 2248 08 419 177
27 CML312/CMLA442/[[CML441/CML4441-B-437 (87 1r 746 25 2364 08 374 174
28  CML312/CML442/[[CML441/CML4441-B-445 567 88 753 08 2381 08 398 155
29 CML312/CML442/[[CML441/CML4441-B-453 644 66 755 13 2195 0.7 375 171
30 CML312/CML442/[I[CML441/CML4441-B-465 802 15 748 05 2401 08 406 16.7
31 CML312/CML442/[[CML441/CML4441-B-473 713 43 740 10 2260 09 435 154
32 CML312/CML442/[I[CML441/CML4441-B-481 751 28 765 03 2403 10 408 165
33 CML312/CML442/[I[CML441/CML4441-B-483 848 7 748 05 2357 07 447 172
34 CML312/CML442/[ICML441/CML4441-B-487 711 44 766 05 2389 08 398 161
35 CML312/CML442/[[CML441/CML4441-B-493 767 22 754 05 2202 08 409 16.0
36 CML312/CML442/[[CML441/CML4441-B-494 842 9 753 00 2409 10 359 153
37 CML312/CML442/[I[CML441/CML4441-B-501 798 16 761 05 2353 09 437 154
38  CML312/CML442/[[CML441/CML4441-B-505 (81 19 747 00 2233 09 401 152
39 CML312/CML442/[[CML441/CML4441-B-514 687 51 762 05 2230 06 400 147
40 CML312/CML442/[I[CML441/CML4441-B-534 731 34 752 05 2341 08 420 177
41 CML312/CML442/[I[CML441/CML4441-B-603 699 49 739 05 2183 08 376 141
42 CML312/CML442/[I[CML441/CML4441-B-662 554 92 735 08 2272 08 370 164
43 CML312/CML442/[[CML441/CML4441-B-679 557 91 751 03 21v5 08 388 177
44 CML312/CML442/[I[CML441/CML4441-B-690 672 58 734 15 2286 09 360 16.8
45  CML312/CML442/[I[CML441/CML4441-B-749 773 20 749 -03 2434 07 421 16.0
46 CML312/CML442/[[CML441/CML4441-B-772 623 72 748 18 2232 08 376 167
47  CML312/CML442/[I[CML441/CML4441-B-789 621 73 757 03 2189 08 416 153
48  CML312/CML442/[I[CML441/CML4441-B-817 6.87 52 760 03 2360 10 418 135
49 CML312/CML442/[I[CML441/CML4441-B-2 710 46 749 15 2472 08 359 149
50 CML312/CML442/[[CML441/CML4441-B-12-4 137 99 775 05 1791 0.7 352 16.0
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Entry Pedigree Grain Rank Anth. ASI Plant EPP Kernel MOI

Yield Date height weight

Mgha # d d cm # g %
o1 CML312/CMLA442//[CML441/CML4441-B-15 1.00 100 /75 13 1444 05 251 151
52 CML312/CML442/[[CML441/CML4441-B-51 761 24 752 05 2373 09 367 168
53 CML312/CML442//[CML441/CML4441-B-55 6.76 57 743 15 2406 08 371 150
54 CML312/CML442//[CML441/CML4441-B-89 633 71 763 08 2244 08 407 157
55  CML312/CML442//T[CML441/CML4441-B-106 6.76 56 742 18 2278 08 353 173
56 CML312/CML442//[CML441/CML4441-B-107 661 61 749 03 2288 09 437 169
57  CML312/CML442//[CML441/CML4441-B-165 781 18 747 05 2285 09 398 171
58 CML312/CML442//T[CML441/CML4441-B-219 637 69 763 -03 2311 08 369 159
59 CML312/CMLA442//TCML441/CML4441-B-273 641 68 739 1.0 2263 09 342 141
60 CML312/CMLA442//ICMLA441/CML4441-B-277 670 59 742 08 2165 09 366 16.7
61 CML312/CMLA442//ICMLA441/CML4441-B-299 699 48 733 1.8 2337 09 407 147
62 CML312/CMLA442//ICMLA441/CML4441-B-320 592 83 738 18 2180 0.8 374 163
63  CML312/CMLA442//ICML441/CML4441-B-324 418 97 746 10 2149 0.7 339 142
64  CML312/CMLA442//ICML441/CML4441-B-337 6.10 79 738 13 2180 09 332 159
65 CML312/CMLA442//I[CMLA441/CML4441-B-341 559 90 729 05 2254 08 334 165
66 CML312/CML442//I[CML441/CML4441-B-365 613 77 733 13 2300 08 402 15.0
67 CML312/CMLA442//ICML441/CML4441-B-375 601 80 748 1.0 2446 09 423 150
68 CML312/CML442//I[CML441/CML4441-B-380 735 32 728 18 2056 09 372 168
69 CML312/CML442//ICML441/CML4441-B-398 893 5 747 05 2385 09 392 165
70 CML312/CMLA442//ICML441/CML4441-B-412 746 29 750 05 2283 09 399 153
71 CML312/CML442/[[CML441/CML4441-B-432 744 31 764 10 2443 09 354 16.0
72 CML312/CML442//[CML441/CML4441-B-439 720 40 739 13 2626 09 422 1438
73 CML312/CML442/[[CML441/CML4441-B-459 744 30 747 15 2197 09 385 163
74 CML312/CML442/[[CML441/CML4441-B-482 724 36 750 10 2481 08 390 16.9
75 CML312/CML442/[[CML441/CML4441-B-497 887 6 765 08 2311 09 411 164
76 CML312/CML442/[[CML441/CML4441-B-500 910 3 745 -05 2365 09 378 156
77 CML312/CMLA442//TCML441/CML4441-B-513 594 82 757 03 2269 09 392 161
78  CML312/CMLA442//TCML441/CML4441-B-521 816 13 733 1.0 2305 09 390 142
79 CML312/CMLA442//TCML441/CML4441-B-530 898 4 742 13 2401 10 387 170
80 CML312/CMLA442//TCML441/CML4441-B-531 541 95 739 05 2221 0.6 348 141
81 CML312/CMLA442//TCMLA441/CML4441-B-587 568 87 736 13 2243 08 387 170
82  CML312/CMLA442//TCML441/CML4441-B-598 531 96 737 15 2144 07 350 16.6
83 CML312/CMLA442//I[CML441/CML4441-B-608 620 74 736 18 2223 09 354 157
84 CML312/CMLA442//ICMLA441/CML4441-B-614 723 3r 749 20 2171 09 377 154
85  CML312/CMLA442//I[CML441/CML4441-B-615 838 10 752 0.8 2443 09 36.0 153
86 CML312/CMLA442//I[CML441/CML4441-B-637 649 64 725 13 2335 09 418 146
87  CML312/CMLA442//ICML441/CML4441-B-639 726 35 760 08 2281 09 384 154
88 CML312/CMLA442//I[CML441/CML4441-B-660 614 76 746 10 2358 08 362 151
89  CML312/CMLA442//I[CML441/CML4441-B-694 549 94 738 0.0 2240 09 341 153
90 CML312/CMLA442//I[CML441/CML4441-B-712 648 65 751 03 2167 09 383 154
91 CML312/CMLA442//ICMLA441/CML4441-B-726 6.18 75 751 23 2238 0.7 426 165
92 CML312/CMLA442//I[CML441/CML4441-B-752 601 81 721 08 2149 08 418 15.0
93  CML312/CMLA442//ICML441/CML4441-B-755 658 63 738 08 2250 09 385 165
94 CML312/CML442//[CML441/CML4441-B-766 682 55 731 10 2104 09 36.6 151
95  CML312/CMLA442//TCMLA441/CML4441-B-796 732 33 728 08 2399 09 350 155
96 s5C513 553 93 729 25 2405 08 414 144
97 CML312/CML442//CML441 329 98 730 05 2201 05 414 151
98 CML312/CML442//CML444 8.44 8 760 13 2464 10 381 16.1
99  CML312/CMLA442//T[CMLA441/CML4441-B-164 577 8 742 08 2154 07 36.7 16.2
100 _CM| 312/CMIL 442//[CMI 441/CMI 444).B-164 582 84 754 03 2088 09 382 17.0
Mean .82 747 08 2280 08 395 158
Probability 0.00 01 03 00 00 09 00
MSE 6.99 54 14 8245 00 199 34
CV% 21.23 28 1367 67 190 152 9.0
ASI, anthesis-silking interval; Anth date, anthesis date; EPP, ears per plant; MOI, moisture content



APPENDIX C

GRAIN YIELD AND ITS COMPONENTS FOR POPULATION CML441 x
CML444 EVALUATED ACROSS DROUGHT ENVIRONMENTS IN MALAWI
AND ZIMBABWE IN 2004
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Entry Pedigree Grain Rank Anth. ASI Plant EPP kernel
Yield Date height weight
Mg/ha # # # cm # g
1 CML312/CML442//[CML441/CML444]-B-1 1.39 17 89.9 4.6 152.8 0.4 29.9
2 CML312/CML442//[CML441/CML444]-B-7 1.10 59 88.7 4.4 156.8 0.4 40.0
3 CML312/CML442//[[CML441/CML444]-B-28 0.79 89 87.6 7.3 158.8 0.4 42.4
4 CML312/CML442//[[CML441/CML444]-B-31 1.06 66 91.4 5.2 159.8 0.3 47.5
5 CML312/CML442/[[CML441/CML444]-B-40 1.05 68 87.4 8.5 148.7 0.5 42.6
6 CML312/CML442//[[CML441/CML444]-B-72 1.32 30 87.7 5.3 158.2 0.5 45.0
7 CML312/CML442/[[CML441/CML444]-B-103 1.21 49 87.7 8.9 154.1 0.5 40.0
8 CML312/CML442//[CML441/CML444]-B-121 1.26 39 89.5 3.0 170.9 0.5 40.1
9 CML312/CML442//[[CML441/CML444]-B-133 0.94 79 90.2 5.2 144.7 0.3 35.0
10 CML312/CML442//[[CML441/CML444]-B-135 1.06 62 89.8 4.9 163.1 0.5 47.5
11 CML312/CML442//[[CML441/CML444]-B-147 0.46 99 88.9 9.0 147.7 0.2 27.4
12 CML312/CML442//[[CML441/CML444]-B-148 1.35 25 89.2 7.3 157.0 0.5 50.0
13 CML312/CML442/[[CML441/CML444]-B-157 0.52 97 90.3 10.2 147.1 0.6 40.0
14 CML312/CML442//[CML441/CML444]-B-158 1.43 15 88.9 6.3 151.2 0.5 37.5
15 CML312/CML442//[CML441/CML444]-B-167 1.11 57 88.9 8.1 145.5 0.4 32.4
16 CML312/CML442//[[CML441/CML444]-B-177 0.57 96 91.0 7.6 157.4 0.3 40.0
17 CML312/CML442//[[CML441/CML444]-B-188 1.24 44 87.6 10.9 164.4 0.3 47.4
18 CML312/CML442//[[CML441/CML444]-B-203 1.30 34 92.6 4.2 151.5 0.4 27.6
19 CML312/CML442//[CML441/CML444]-B-205 0.86 84 88.0 8.0 164.5 0.4 37.5
20 CML312/CML442//[CML441/CML444]-B-234 1.28 35 87.3 3.3 156.4 0.6 47.5
21 CML312/CML442//[CML441/CML444]-B-238 1.24 45 85.6 8.3 156.3 0.4 35.0
22 CML312/CML442//[[CML441/CML444]-B-332 1.18 55 86.7 10.3 156.7 0.5 47.5
23 CML312/CML442//[[CML441/CML444]-B-348 1.31 33 87.9 7.6 161.3 0.5 27.5
24 CML312/CML442//[[CML441/CML444]-B-383 1.22 47 90.3 6.4 142.1 0.4 30.0
25 CML312/CML442/[[CML441/CML444]-B-392 1.04 69 88.7 5.7 169.4 0.5 27.6
26 CML312/CML442/[[CML441/CML444]-B-404 1.19 53 86.9 4.9 155.2 0.4 324
27 CML312/CML442//[CML441/CML444]-B-437 0.75 93 88.7 12.2 149.4 0.4 50.1
28 CML312/CML442//[[CML441/CML444]-B-445 1.10 58 92.5 3.8 149.3 0.3 27.5
29 CML312/CML442//[[CML441/CML444]-B-453 1.54 9 86.3 7.1 147.8 0.6 27.5
30 CML312/CML442//[[CML441/CML444]-B-465 1.38 21 86.0 7.5 136.3 0.5 35.0
31 CML312/CML442//[[CML441/CML444]-B-473 1.06 65 88.1 6.0 164.1 0.5 27.5
32 CML312/CML442/[[CML441/CML444]-B-481 0.96 75 89.0 7.6 164.4 0.4 24.9
33 CML312/CML442//[CML441/CML444]-B-483 0.92 81 88.8 5.7 150.1 0.5 29.9
34 CML312/CML442//[CML441/CML444]-B-487 1.25 43 88.3 7.4 159.0 0.4 45.0
35 CML312/CML442//[[CML441/CML444]-B-493 1.63 4 88.7 5.6 164.5 0.5 35.1
36 CML312/CML442//[[CML441/CML444]-B-494 1.46 12 89.9 4.6 154.6 0.4 45.0
37 CML312/CML442//[[CML441/CML444]-B-501 1.39 18 88.5 6.7 156.3 0.4 35.1
38 CML312/CML442//[CML441/CML444]-B-505 1.36 24 89.8 6.1 160.8 0.3 39.9
39 CML312/CML442/[[CML441/CML444]-B-514 0.94 77 89.5 4.1 166.6 0.5 35.0
40 CML312/CML442//[CML441/CML444]-B-534 0.76 92 90.8 7.7 158.8 0.3 40.1
41 CML312/CML442//[[CML441/CML444]-B-603 1.25 41 88.4 8.2 139.4 0.6 45.0
42 CML312/CML442//[[CML441/CML444]-B-662 1.69 2 85.2 6.7 166.9 0.5 27.5
43 CML312/CML442//[[CML441/CML444]-B-679 1.63 5 859 10.6 154.0 0.5 25.0
44 CML312/CML442/[[CML441/CML444]-B-690 1.37 22 87.9 5.6 151.0 0.5 25.0
45 CML312/CML442/[[CML441/CML444]-B-749 1.61 6 87.5 5.9 160.4 0.7 30.1
46 CML312/CML442/[[CML441/CML444]-B-772 0.93 80 88.4 7.8 154.1 0.6 25.0
47 CML312/CML442//[CML441/CML444]-B-789 1.20 51 85.4 6.6 165.7 0.4 27.5
48 CML312/CML442//[[CML441/CML444]-B-817 1.06 64 65.2 7.9 157.7 0.4 32,5
49 CML312/CML442//[[CML441/CML444]-B-2 1.37 23 87.5 8.8 163.3 0.4 27.6
50 CML312/CML442//[[CML441/CML444]-B-12-# 1.38 20 86.1 6.4 163.8 0.6 42.6



Entry Pedigree Grain Rank Anth. ASI Plant EPP  kernel
Yield Date height weight
Mg/ha # # # cm # g

51  CML312/CML442//[[CML441/CML444]-B-15 0.74 94  93.1 7.6 125.8 0.3 30.0
52  CML312/CML442//[[CML441/CML444]-B-51 0.79 90 87.6 8.9 163.8 0.4 30.0
53  CML312/CML442//[[CML441/CML444]-B-55 1.01 71 90.3 8.5 152.1 0.4 50.0
54  CML312/CML442//[[CML441/CML444]-B-89 1.10 60 86.0 7.8 171.8 0.4 47.4
55  CML312/CML442//[[CML441/CML444]-B-106 0.67 95  88.0 6.6 153.4 0.3 27.5
56  CML312/CML442//[[CML441/CML444]-B-107 0.94 78 87.8 6.4 155.1 0.4 37.5
57  CML312/CML442//[[CML441/CML444]-B-165 1.04 70  89.0 8.6 156.8 0.6 40.0
58  CML312/CML442//[[CML441/CML444]-B-219 1.38 19 876 4.6 168.8 0.5 325
59  CML312/CML442//[[CML441/CML444]-B-273 1.17 56 86.4 6.0 164.3 0.3 32.6
60  CML312/CML442/[[CML441/CML444]-B-277 1.45 13 86.8 5.8 167.2 0.5 32.6
61  CML312/CML442/[[CML441/CML444]-B-299 1.33 28 88.4 6.5 155.3 0.6 34.9
62  CML312/CML442//[[CML441/CML444]-B-320 1.26 38 84.8 9.6 165.8 0.4 32.5
63  CML312/CML442/[[CML441/CML444]-B-324 0.98 74  86.3 9.2 138.5 0.3 30.0
64  CML312/CML442/[[CML441/CML444]-B-337 1.65 3 89.2 5.8 168.0 0.5 37.6
65  CML312/CML442/[[CML441/CML444]-B-341 1.20 52  86.5 7.3 154.3 0.4 30.0
66  CML312/CML442/[[CML441/CML444]-B-365 1.34 27  86.3 5.4 165.2 0.6 375
67  CML312/CML442/[[CML441/CML444]-B-375 141 16 89.9 10.7 1589 0.5 27.5
68  CML312/CML442//[[CML441/CML444]-B-380 0.96 76 86.4 45 157.1 0.4 32.5
69  CML312/CML442/[[CML441/CML444]-B-398 1.34 26  88.6 6.2 154.9 0.5 47.5
70  CML312/CML442/[[CML441/CML444]-B-412 1.25 42  89.1 5.6 161.8 0.5 475
71  CML312/CML442/[[CML441/CML444]-B-432 1.06 63 886 4.9 166.9 0.5 30.0
72  CML312/CML442/[[CML441/CML444]-B-439 0.85 85 85.4 7.6 161.4 0.3 45.1
73  CML312/CML442/[[CML441/CML444]-B-459 1.57 7 88.1 7.3 153.8 0.5 27.5
74  CML312/CML442//[[CML441/CML444]-B-482 1.18 54 91.4 8.0 168.2 0.4 27.5
75  CML312/CML442/[[CML441/CML444]-B-497 0.78 91 885 8.0 160.7 0.3 325
76  CML312/CML442/[[CML441/CML444]-B-500 1.31 32 888 9.0 170.1 0.5 47.6
77  CML312/CML442/[[CML441/CML444]-B-513 0.85 86 89.8 4.3 171.9 0.5 374
78  CML312/CML442/[[CML441/CML444]-B-521 0.98 73 935 43 127.9 0.4 50.0
79  CML312/CML442/[[CML441/CML444]-B-530 0.83 87 87.4 8.0 159.1 0.3 32.6
80  CML312/CML442//[[CML441/CML444]-B-531 0.91 82  89.0 9.7 146.6 0.3 25.0
81  CML312/CML442//[[CML441/CML444]-B-587 0.52 98 88.7 45 136.5 0.3 47.4
82  CML312/CML442//[[CML441/CML444]-B-598 1.05 67  87.7 7.5 153.3 0.3 324
83  CML312/CML442//[[CML441/CML444]-B-608 1.32 29 89.1 7.0 146.9 0.4 35.0
84  CML312/CML442//[[CML441/CML444]-B-614 1.31 31 883 6.4 148.6 0.4 49.9
85  CML312/CML442//[[CML441/CML444]-B-615 1.79 1 89.7 5.5 161.7 0.5 325
86  CML312/CML442//[[CML441/CML444]-B-637 1.20 50 88.3 9.4 148.3 0.4 45.1
87  CML312/CML442//[[CML441/CML444]-B-639 1.56 8 86.9 5.9 174.3 0.6 40.0
88  CML312/CML442//[[CML441/CML444]-B-660 1.47 11 857 9.5 163.0 0.5 27.5
89  CML312/CML442//[[CML441/CML444]-B-694 0.91 83 86.9 9.1 159.0 0.4 44.9
90 CML312/CML442//[[CML441/CML444]-B-712 1.22 46 89.0 44 156.4 0.5 374
91  CML312/CML442//[[CML441/CML444]-B-726 1.47 10 86.4 5.7 161.6 0.6 40.1
92  CML312/CML442/[[CML441/CML444]-B-752 0.41 100 85.4 6.4 155.4 0.4 37.5
93  CML312/CML442//[[CML441/CML444]-B-755 1.22 48 85.4 8.4 156.4 0.3 47.5
94  CML312/CML442//[[CML441/CML444]-B-766 1.26 40 87.1 8.3 158.6 0.4 375
95  CML312/CML442//[[CML441/CML444]-B-796 1.44 14 878 8.4 153.2 0.4 35.0
96  SC513 1.27 37 856 8.8 154.4 0.5 45.1
97  CML312/CML442//CML441 1.07 61 88.3 7.4 154.0 0.3 35.1
98  CML312/CML442//CML444 1.00 72 90.4 5.8 165.5 0.4 42.4
99  CML312/CML442//[[CML441/CML444]-B-164 1.27 36 877 6.4 157.9 0.5 35.0
100 CML312/CML442/[[CML441/CML444]-B-164 0.82 88 86.6 8.3 148.9 0.3 32.5
Mean 1.15 87.9 5.7 156.8 0.4 36.3
Probability 0.30 0.1 0.0 0.2 0.4 0.0

MSE 0.40 337 8.9 397.0 0.0 106.4

CV % 52.50 5.8 41.8 11.9 45.1 22.8

anth date, anthesis date; ASI, anthesis-silking interval, EPP, ears per plant
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APPENDIX D
GRAIN YIELD AND ITS COMPONENTS FOR POPULATION CML440 x
COMPE EVALUATED ACROSS ALL ENVIRONMENTS IN MALAWI AND
ZIMBABWE IN 2003 AND 2004
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Entry Pedigree Grain Rank Anth  ASI  Plant EPP Moisture Kernel
Yield Date height content  weight

Mg/ha  # d d cm # % g
1  CML395/CML444//[[CMLA440/[[COMPE2/P43-SR//(COMPE2]FS#-20-1-1-B-1-B]-B-1 393 71 799 21 1940 0.7 127 358
2 CML395/CML444//[[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-8 412 42 788 17 1984 08 131 36.9
3 CML395/CML444/[[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-13 413 40 787 26 1953 0.7 129 382
4 CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-15 401 58 775 25 1916 08 128 36.9
5 CML395/CML444//[[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-20 396 69 789 18 1931 0.7 127 328
6 CML395/CML444/[[CML440/[COMPE2/P43-SR//ICOMPE2]F S#-20-1-1-B-1-B]-B-21 435 17 79.7 12 2015 08 134 369
7 CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-37 398 67 813 13 2025 0.7 132 387
8  CML395/CML444//[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-40 421 31 790 19 1995 08 129 338
9 CML395/CML444//[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-51 357 100 79.2 1.7 1996 0.7 132 36.7
10  CML395/CML444//[[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-78 400 61 788 18 1874 08 134 399
11  CML395/CML444//[[CMLA440/[[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-87 424 28 782 10 1938 08 135 415
12 CML395/CML444//[[CML440/[[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-89 423 29 780 17 1932 08 122 411
13 CML395/CML444//[[CML440/[[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-118 414 38 783 16 1926 08 120 343
14 CML395/CML444//[[CML440/[[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-138 438 11 787 16 2104 08 130 37.1
15 CML395/CML444//[[CML440/[[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-141 368 97 782 21 196.7 0.7 128 36.0
16  CML395/CML444//[[CML440/[[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-144 403 55 79.1 1.1 1935 0.7 125 405
17  CML395/CML444//[[CML440/[[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-150 434 19 789 24 1961 08 127 40.2
18  CML395/CML444//[[CML440/[[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-151 448 5 79.0 25 1905 0.8 128 37.2
19  CML395/CML444//[[CML440/[[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-167 436 13 79.2 15 1983 0.8 128 34.1
20  CML395/CML444//[[CMLA440/[[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-183 406 50 788 15 2038 08 136 375
21  CML395/CML444/[[CML440/[COMPE2/P43-SR//(COMPE2]FS#-20-1-1-B-1-B]-B-232 360 99 781 19 2001 0.7 122 352
22 CML395/CML444/[[CMLA440/[COMPE2/P43-SR//(COMPE2]F S#-20-1-1-B-1-B]-B-247 432 21 787 3.0 1952 08 128 36.1
23 CML395/CML444//[[CMLA440/[[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-318 374 89 782 34 2005 0.7 13.0 36.9
24 CML395/CML444/[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-323 440 9 783 20 2001 0.7 125 382
25  CML395/CML444/[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-362 401 59 803 17 2013 0.7 133 36.7
26  CML395/CML444/[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-363 419 32 796 27 1955 08 122 381
27  CML395/CML444/[[CML440/[COMPE2/P43-SR//COMPE2]F S#-20-1-1-B-1-B]-B-365 407 47 768 21 1943 08 123 378
28  CML395/CML444/[[CMLA440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-374 426 25 773 16 2018 06 127 338
29  CML395/CML444/[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-398 399 65 79.1 15 1936 08 122 37.0
30 CML395/CML444/[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-410 449 4 786 13 1932 08 117 36.2
31 CML395/CML444/[[CMLA440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-414 386 77 79.2 10 1992 08 127 350
32 CML395/CML444/[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-416 406 48 785 16 2014 0.7 123 352
33 CML395/CML444/[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-432 429 24 793 20 2030 08 128 381
34 CML395/CML444/[[CMLA440/[COMPE2/P43-SR//(COMPE2]FS#-20-1-1-B-1-B]-B-437 442 8 792 15 2032 08 131 373
35  CML395/CML444/[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-476 400 60 785 13 1975 08 115 353
36  CML395/CML444/[[CMLA440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-482 431 22 785 1.1 1965 0.7 124 341
37  CML395/CML444//[[CML440/[[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-502 374 90 787 16 2073 08 126 39.0
38  CML395/CML444/[[CML440/[COMPE2/P43-SR//COMPE2]F S#-20-1-1-B-1-B]-B-509 390 74 786 14 1941 08 127 377
39  CML395/CML444//[CMLA440/[COMPE2/P43-SR//(COMPE2]FS#-20-1-1-B-1-B]-B-512 414 39 79.1 19 1979 08 132 40.2
40  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-531 387 76 79.2 21 1976 0.7 129 354
41  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-537 425 27 79.2 12 2054 08 132 36.8
42 CML395/CML444//[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-538 361 98 79.1 12 2021 0.7 126 379
43 CML395/CML444/[[CML440/[COMPE2/P43-SR//COMPE2]F S#-20-1-1-B-1-B]-B-548 413 41 79.0 26 2029 08 13.0 373
44 CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-559 409 46 785 23 2032 08 132 382
45 CML395/CML444//[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-578 415 36 777 19 2028 08 11.8 39.0
46 CML395/CML444/[[CML440/[COMPE2/P43-SR//COMPE2]F S#-20-1-1-B-1-B]-B-593 415 37 793 20 2058 0.7 129 39.0
47  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-622 395 70 784 25 1915 08 131 36.8
48  CML395/CML444//[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-627 400 63 788 16 1995 08 129 343
49 CML395/CML444/[[CML440/[COMPE2/P43-SR//COMPE2]F S#-20-1-1-B-1-B]-B-670 405 53 778 25 1910 08 125 386
50 CML395/CML444/[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-675 446 7 797 25 1972 08 138 347
51 CML395/CML444//[CMLA440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-16 376 86 784 24 2004 0.7 135 365
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Entry Pedigree Grain  Rank Anth  ASI  Plant EPP Moisture Kernel
Yield Date height content  weight

Mg/ha # d d cm # % g

52  CML395/CML444/[[CML440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-18 398 66 79.3 24 2095 0.7 122 358

53  CML395/CML444//[[CML440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-24 433 20 79.3 09 2032 08 129 36.5

54 CML395/CML444//[[CML440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-30 375 87 795 25 2091 0.7 132 376

55  CML395/CML444//[[CML440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-43 375 88 781 15 1919 08 132 373

56 CML395/CML444//[[CML440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-55 440 10 79.8 22 2064 0.7 13.6 36.6

57  CML395/CML444//[[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-75 371 93 796 19 1965 0.7 129 36.2

58  CML395/CML444//[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-130 435 15 78.8 20 1970 0.6 129 40.0

59  CML395/CML444//[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-132 410 44 788 19 2040 0.7 131 354

60 CML395/CML444//[[CML440/[COMPE2/P43-SRIICOMPE2]FS#-20-1-1-B-1-B]-B-134 415 35 78.7 21 2072 08 129 397

61 CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-145 435 16 782 21 1916 08 124 359

62 CML395/CML444//[[CML440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-147 369 95 788 1.7 196.7 0.8 127 37.0

63  CML395/CML444//[[CML440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-149 370 94 799 20 1968 0.7 138 3938

64  CML395/CML444/[[CML440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-163 382 81 782 09 1905 08 121 420

65 CML395/CML444//[[CML440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-173 398 68 789 26 1949 0.7 123 392

66 CML395/CML444//[[CML440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-218 436 14 811 13 2016 0.7 131 352

67 CML395/CML444//[[CML440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-276 412 43 782 16 1962 0.8 134 389

68  CML395/CML444//[CML440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-292 406 49 783 21 1898 0.8 126 339

69  CML395/CML444//[CML440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-303 410 45 776 22 1976 0.7 11.7 406

70  CML395/CML444//[CML440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-330 385 79 793 0.7 2003 0.7 131 364

71  CML395/CML444/[[CMLA440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-334 437 12 781 23 1944 06 128 36.3

72  CML395/CML444//[[CML440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-337 372 92 791 19 1919 08 127 375

73  CML395/CML444/[[CML440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-348 469 2 79.0 14 1921 0.8 13.0 36.2

74  CML395/CML444/[[CML440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-366 382 82 781 21 199.2 08 129 405

75  CML395/CML444/[[CML440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-381 379 84 799 19 1952 0.7 125 346

76  CML395/CML444//[[CML440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-388 389 75 780 1.7 1952 08 126 355

77 CML395/CML444//[[CML440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-393 385 80 777 22 1994 08 122 352

78  CML395/CML444//[[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-400 406 51 793 14 1989 0.8 129 36.8

79  CML395/CML444//[CML440/[COMPE2/P43-SRIICOMPE2]FS#-20-1-1-B-1-B]-B-403 373 91 789 1.8 1980 08 132 357

80 CML395/CML444//[CML440/[COMPE2/P43-SRIICOMPE2]FS#-20-1-1-B-1-B]-B-413 3.47 102 795 2.0 1938 0.7 129 354

81 CML395/CML444/[[CMLA440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-421 378 8 79.0 25 2090 0.7 135 389

82  CML395/CML444/[[CMLA440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-438 390 73 786 19 2018 08 128 359

83  CML395/CML444/[[CMLA440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-440 465 3 784 22 1865 0.7 135 36.0

84  CML395/CML444/[[CML440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-447 434 18 80.0 1.8 200.7 0.8 128 39.0

85  CML395/CML444//[[CML440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-451 406 52 787 15 1907 0.8 13.2 38.6

86  CML395/CML444//[[CML440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-457 386 78 79.1 14 2041 0.7 129 375

87  CML395/CML444//[[CML440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-474 400 64 784 20 1940 0.8 126 36.2

88  CML395/CML444//[[CML440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-493 476 1 78.8 22 2021 09 127 343

89  CML395/CML444//[[CML440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-499 421 30 79.0 21 1916 0.7 120 373

90  CML395/CML444//[CML440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-513 416 34 782 20 1940 0.8 131 36.3

91 CML395/CML444//[CML440/[COMPE2/P43-SRIICOMPE2]FS#-20-1-1-B-1-B]-B-522 419 33 808 19 1989 0.7 131 364

92  CML395/CML444/[[CML440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-533 368 96 795 1.8 2045 0.7 122 393

93  CML395/CML444/[[CML440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-535 430 23 786 21 2049 08 126 355

94 CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]F S#-20-1-1-B-1-B]-B-536 425 26 79.6 1.1 1976 09 13.2 403

95  CML395/CML444//[[CML440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-543 402 56 787 18 1963 0.7 13.0 354

96  CML395/CML444//[[CML440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-560 402 57 79.4 23 2020 0.7 123 37.1

97  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-572 447 6 784 22 2027 0.7 123 38.1

98 CML395/CML444//[[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-597 381 83 788 25 2003 0.7 121 3438

99  CML395/CML444//[[CML440/[COMPE2/P43-SRI/ICOMPE2]FS#-20-1-1-B-1-B]-B-631 404 54 78.0 26 1915 0.7 124 378

100 CML395/CML444/[[CMLA40/[[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-638 353 101 789 1.6 1984 0.7 128 339
101 CML395/CML444//CML440 400 62 782 33 1914 0.7 135 381
102 CML395/CML444/[[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-BBB 392 72 781 23 2048 0.7 13.2 387
Mean 4.06 788 1.9 1983 0.8 129 36.8
P 0.17 0.00 0.07 0.00 0.00 0.00 0.92

MSE 151 105 4.3 5265 0.1 3.5 32.5
CV 28.30 32 988 9.2 256 11.7 159

Anth date, anthesis date; ASI, anthesis-silking interval, EPP, ears per plant
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Entry Pedigree Grain Rank Anth ASI Plant EPP Moisture
Yield date height content
(Mg/ha) # d d cm # %
1 CML395/CML444//[[CML440/[COMPE2/P4  6.96 39 710 23 2207 0.7 12.9
2 CML395/CML444//[[CML440/[COMPE2/P4  6.59 72 721 08 2298 0.8 13.2
3 CML395/CML444//[[CML440/[COMPE2/P4  7.17 25 708 23 2286 0.7 13.2
4 CML395/CML444//[[CML440/[COMPE2/P4  7.06 32 718 03 2268 0.8 13.1
5 CML395/CML444//[[CML440/[COMPE2/P4  6.83 50 718 03 2185 0.7 13.9
6 CML395/CML444//[[CML440/[COMPE2/P4  7.24 23 714 08 2277 07 12.2
7 CML395/CML444//[[CML440/[COMPE2/P4  6.62 66 72.0 0.8 2458 0.8 13.0
8 CML395/CML444//[[CML440/[COMPE2/P4  7.12 27 707 13 2284 08 13.7
9 CML395/CML444//[[CML440/[COMPE2/P4  5.62 99 709 1.0 2255 0.8 13.0
10 CML395/CML444//[[CML440/[COMPE2/P4  6.23 87 704 03 2110 0.7 13.7
11 CML395/CML444//[[CML440/[COMPE2/P4  7.04 33 709 08 2219 0.8 14.5
12 CML395/CML444/[[CML440/[COMPE2/P4  7.44 13 69.2 05 2311 06 12.6
13 CML395/CML444//[[CML440/[COMPE2/P4  6.37 80 704 18 2198 0.6 13.2
14 CML395/CML444//[[CML440/[COMPE2/P4  7.12 28 700 1.0 2369 08 12.9
15 CML395/CML444//[[CML440/[COMPE2/P4  5.89 94 702 15 2347 0.6 13.7
16 CML395/CML444//[[CML440/[COMPE2/P4  7.26 20 710 -05 2214 0.7 13.3
17 CML395/CML444//[[CML440/[COMPE2/P4  6.88 46 702 1.0 2323 0.8 12.7
18 CML395/CML444/[[CML440/[COMPE2/P4  7.62 8 717 00 2305 09 13.6
19 CML395/CML444//[[CML440/[COMPE2/P4  7.79 5 713 0.3 2300 09 13.2
20 CML395/CML444//[[CML440/[COMPE2/P4  7.19 24 713 03 2371 0.8 13.8
21 CML395/CML444//[[CML440/[COMPE2/P4  6.31 84 726 03 2212 07 13.0
22 CML395/CML444//[[CML440/[COMPE2/P4  7.46 12 709 23 2171 038 13.3
23 CML395/CML444//[[CML440/[COMPE2/P4  6.00 90 70.6 05 2434 07 13.9
24 CML395/CML444//[[CML440/[COMPE2/P4  7.41 15 709 03 2347 0.7 11.9
25 CML395/CML444//[[CML440/[COMPE2/P4  6.05 88 721 -0.3 230.7 0.7 13.0
26 CML395/CML444//[[CML440/[COMPE2/P4  6.92 43 709 15 209.8 0.9 12.1
27 CML395/CML444//[[CML440/[COMPE2/P4  6.69 59 707 0.0 2281 0.8 135
28 CML395/CML444//[[CML440/[COMPE2/P4  6.79 52 689 13 2355 0.7 14.0
29 CML395/CML444//[[CML440/[COMPE2/P4  6.44 77 699 08 2256 0.8 12.5
30 CML395/CML444//[[CML440/[COMPE2/P4  8.12 4 706 00 2353 1.0 10.1
31 CML395/CML444//[[CML440/[COMPE2/P4  6.78 54 715 -08 2219 0.7 13.7
32 CML395/CML444//[[CML440/[COMPE2/P4  7.37 16 716 10 2221 0.7 13.4
33 CML395/CML444//[[CML440/[COMPE2/P4  7.79 6 723 05 2396 0.8 12.9
34 CML395/CML444//[[CML440/[COMPE2/P4  7.13 26 729 13 2318 07 12.8
35 CML395/CML444//[[CML440/[COMPE2/P4  7.10 29 698 05 2352 09 10.3
36 CML395/CML444//[[CML440/[COMPE2/P4  6.66 64 713 05 2226 0.8 12.9
37 CML395/CML444//[[CML440/[COMPE2/P4  6.88 45 713 1.3 240.1 0.8 125
38 CML395/CML444//[[CML440/[COMPE2/P4  6.32 83 693 10 2232 0.7 12.7
39 CML395/CML444//[[CML440/[COMPE2/P4  7.56 11 703 05 2291 038 13.0
40 CML395/CML444//[[CML440/[COMPE2/P4  6.43 78 714 08 2351 1.0 13.0
41 CML395/CML444//[[CML440/[COMPE2/P4  7.43 14 715 08 2325 1.0 13.4
42 CML395/CML444//[[CML440/[COMPE2/P4  6.69 58 717 03 2199 0.8 12.7
43 CML395/CML444//[[CML440/[COMPE2/P4  6.99 38 699 15 2389 08 135
44 CML395/CML444//[[CML440/[COMPE2/P4  7.30 18 710 03 2440 038 13.1
45 CML395/CML444//[[CML440/[COMPE2/P4  6.36 81 708 13 2276 0.9 12.0
46 CML395/CML444//[[CML440/[COMPE2/P4  6.79 53 714 10 2431 0.8 13.2
47 CML395/CML444//[[CML440/[COMPE2/P4  6.61 67 712 0.8 219.7 0.6 12.8
48 CML395/CML444//[[CML440/[COMPE2/P4  6.84 48 712 05 2371 10 135
49 CML395/CML444//[[CML440/[COMPE2/P4  6.45 76 702 05 2092 0.9 12.1
50 CML395/CML444//[[CML440/[COMPE2/P4  7.57 10 715 15 2371 09 13.3
51 CML395/CML444//[[CML440/[COMPE2/P4  6.48 75 696 13 2291 0.5 13.7
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Entry Pedigree Grain Rank Anth ASI Plant EPP Moisture
Yield date height content

(Mg/ha) # d d cm # %

52 CML395/CML444/[[CML440/[COMPE2/P4  7.03 35 711 2.0 2301 0.7 12.4
53 CML395/CML444/[[CML440/[COMPE2/P4  7.08 31 722 05 2289 0.6 13.8
54 CML395/CML444/[[CML440/[COMPE2/P4  6.60 70 724 10 2446 0.6 13.4
55 CML395/CML444/[[CML440/[COMPE2/P4  6.60 69 704 0.8 2347 0.8 14.7
56 CML395/CML444/[[CML440/[COMPE2/P4  7.10 30 715 0.8 2386 1.0 14.0
57 CML395/CML444/[[CML440/[COMPE2/P4  5.97 93 726 03 2411 0.6 12.3
58 CML395/CML444/[[CML440/[COMPE2/P4  6.69 57 716 1.0 2293 0.8 12.6
59 CML395/CML444/[[CML440/[COMPE2/P4  7.60 9 69.1 15 2321 0.8 13.6
60 CML395/CML444/[[CML440/[COMPE2/P4  6.37 79 708 05 2320 0.7 13.2
61 CML395/CML444/[[CML440/[COMPE2/P4  7.63 7 716 08 2200 038 13.3
62 CML395/CML444/[[CML440/[COMPE2/P4  5.35 101 714 13 2177 0.6 12.8
63 CML395/CML444/[[CML440/[COMPE2/P4  6.26 86 701 1.3 2236 0.6 13.3
64 CML395/CML444/[[CML440/[COMPE2/P4  6.68 60 708 0.3 2212 0.7 13.1
65 CML395/CML444/[[CML440/[COMPE2/P4  6.75 556 706 1.3 2314 0.6 12.5
66 CML395/CML444/[[CML440/[COMPE2/P4  6.84 49 716 1.0 2417 09 12.1
67 CML395/CML444/[[CML440/[COMPE2/P4  7.25 22 712 13 2243 0.8 13.2
68 CML395/CML444/[[CML440/[COMPE2/P4  6.81 51 710 0.8 2184 0.9 13.0
69 CML395/CML444/[[CML440/[COMPE2/P4  7.25 21 688 2.8 2244 0.8 13.0
70 CML395/CML444/[[CML440/[COMPE2/P4  6.02 89 722 -03 2283 0.6 13.1
71 CML395/CML444/[[CML440/[COMPE2/P4  6.86 47 702 1.8 2251 0.6 13.7
72 CML395/CML444/[[CML440/[COMPE2/P4  6.59 71 697 13 2314 08 12.8
73 CML395/CML444/[[CML440/[COMPE2/P4  8.28 3 712 05 2174 1.0 13.2
74 CML395/CML444/[[CML440/[COMPE2/P4  7.03 34 727 05 2358 09 13.1
75 CML395/CML444/[[CML440/[COMPE2/P4  5.78 96 713 05 2321 05 13.2
76 CML395/CML444/[[CML440/[COMPE2/P4  5.98 91 704 1.8 2271 0.6 13.3
77 CML395/CML444/[[CML440/[COMPE2/P4  6.34 82 689 08 2340 09 13.1
78 CML395/CML444/[[CML440/[COMPE2/P4  6.67 62 712 -0.8 2268 0.6 12.5
79 CML395/CML444/[[CML440/[COMPE2/P4  5.80 95 702 13 2205 0.8 13.8
80 CML395/CML444/[[CML440/[COMPE2/P4  5.30 102 706 15 226.1 0.6 131
81 CML395/CML444/[[CML440/[COMPE2/P4  6.53 74 699 18 2323 0.8 12.8
82 CML395/CML444/[[CML440/[COMPE2/P4  5.97 92 724 05 2366 09 13.0
83 CML395/CML444/[[CML440/[COMPE2/P4  7.01 37 704 1.0 2042 0.7 13.4
84 CML395/CML444/[[CML440/[COMPE2/P4  8.31 2 719 08 2382 0.9 14.2
85 CML395/CML444/[[CML440/[COMPE2/P4  6.64 65 71.0 -03 2214 0.8 12.9
86 CML395/CML444/[[CML440/[COMPE2/P4  5.59 100 718 -0.3 2416 0.7 13.3
87 CML395/CML444/[[CML440/[COMPE2/P4  6.55 73 721 05 2237 0.8 12.6
88 CML395/CML444/[[CML440/[COMPE2/P4  7.33 17 712 1.0 2417 1.0 13.0
89 CML395/CML444/[[CML440/[COMPE2/P4  6.96 40 721 1.8 2214 04 10.3
90 CML395/CML444/[[CML440/[COMPE2/P4  7.27 19 704 05 2296 0.8 13.6
91 CML395/CML444/[[CML440/[COMPE2/P4  6.60 68 739 0.8 2399 06 13.3
92 CML395/CML444/[[CML440/[COMPE2/P4  5.78 97 717 0.0 2415 05 135
93 CML395/CML444/[[CML440/[COMPE2/P4  6.30 85 719 1.8 2382 0.7 14.0
94 CML395/CML444/[[CML440/[COMPE2/P4  6.91 44 716 -03 2264 0.7 14.2
95 CML395/CML444/[[CML440/[COMPE2/P4  6.92 42 717 1.0 2211 0.6 13.6
96 CML395/CML444/[[CML440/[COMPE2/P4  6.74 56 719 08 2388 0.8 13.1
97 CML395/CML444/[[CML440/[COMPE2/P4  8.32 1 715 05 2327 038 13.7
98 CML395/CML444/[[CML440/[COMPE2/P4  6.67 61 716 1.0 2348 0.8 10.9
99 CML395/CML444/[[CML440/[COMPE2/P4  6.94 41 712 0.8 2409 09 12.9
100 CML395/CML444//[[CML440/[COMPE2/P4  5.63 98 704 -0.3 2291 0.6 13.2
101 CML395/CML444//CML440 7.01 36 712 1.0 2187 0.7 13.8
102 CML395/CML444//|COMPEZ2/P43- 6.66 63 69.9 1.0 2422 0.7 12.9
Mean 6.79 711 0.8 2295 0.8 13.1
P 0.28 0.9 0.9 0.0 0.9 0.2
MSE 1.61 3.6 1.7 3294 0.0 2.7
CV % 17.79 3.0 1839 65 243 116

Anth date, anthesis date; ASI, anthesis-silking interval; EPP, ears per plant



GRAIN YIELD AND ITS COMPONENTS FOR POPULATION CML440 x

APPENDIX F

204

COMPE EVALUATED ACROSS DROUGHT ENVIRONMENTS IN MALAWI

AND ZIMBABWE IN 2004

Entry Pedigree Grain Rank Anth ASI Plant EPP
Yield date height
Pedigree Mg/ha # d d cm #
1 CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-1 158 93 838 34 1760 0.9
2 CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-8 237 32 842 19 1771 12
3 CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-13 243 28 836 32 1853 1.0
4 CML395/CML444//[CML440/[COMPE2/P43-SR//COMPEZ2]FS#-20-1-1-B-1-B]-B-15 218 48 84.0 47 1750 0.9
5 CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-20 199 72 866 13 1689 1.0
6 CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-21 217 50 864 1.2 1816 1.0
7 CML395/CML444//[CML440/[COMPE2/P43-SR//COMPEZ2]FS#-20-1-1-B-1-B]-B-37 153 95 883 1.2 180.0 0.9
8 CML395/CML444/[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-40 256 20 849 2.0 1852 0.9
9 CML395/CML444/[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-51 166 92 87.0 1.0 1745 1.0
10 CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-78 200 69 857 22 1602 1.0
11  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-87 234 35 862 07 171.7 10
12 CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-89 192 79 860 29 1687 1.1
13 CML395/CML444//[CML440/[COMPE2/P43-SR//COMPEZ2]FS#-20-1-1-B-1-B]-B-118 204 66 852 16 1641 1.1
14  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-138 3.23 2 855 23 1814 1.0
15  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-141 187 82 854 26 1673 1.1
16  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-144 207 62 872 23 1715 09
17 CML395/CML444/[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-150 188 81 858 29 1761 0.9
18  CML395/CML444/[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-151 2.75 9 87.2 39 156.2 1.0
19  CML395/CML444/[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-167 236 34 864 15 1772 1.0
20  CML395/CMLA444//[[CMLA440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-183 180 85 866 1.6 180.6 0.8
21  CML395/CMLA444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-232 192 80 841 34 1737 038
22 CML395/CMLA444//[[CMLA440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-247 213 56 866 19 166.3 1.0
23  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-318 212 57 852 32 1795 09
24 CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-323 240 31 844 21 1659 09
25  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-362 229 39 866 3.2 1828 09
26  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-363 226 42 857 25 186.3 1.0
27  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-365 168 89 832 38 1798 0.9
28  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-374 2.98 5 839 23 1798 0.9
29  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-398 203 67 861 23 1605 0.9
30 CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-410 215 53 868 27 160.2 0.7
31  CML395/CMLA444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-414 200 70 852 22 1839 1.0
32 CML395/CMLA444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-416 214 55 856 21 1774 1.0
33  CML395/CMLA444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-432 224 44 866 19 1677 1.1
34  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-437 3.06 4 87.7 -0.6 1734 1.0
35  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-476 146 97 858 1.9 163.0 0.9
36  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-482 236 33 850 3.0 1725 09
37  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-502 198 73 865 35 1771 1.0
38  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-509 230 38 852 20 1852 1.0
39  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-512 199 71 855 29 1672 1.0
40  CML395/CML444//[[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-531 251 21 852 31 1623 0.8
41  CML395/CML444//[[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-537 250 22 870 -05 1833 1.0
42  CML395/CML444//[[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-538 179 87 865 26 1792 1.0
43 CML395/CMLA444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-548 271 10 855 49 1641 1.0
44 CML395/CMLA444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-559 250 23 868 38 1687 1.1
45  CML395/CMLA444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-578 265 13 845 29 1790 1.0
46  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-593 219 46 851 1.7 191.3 09
47  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-622 198 75 849 3.2 1655 0.8
48  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-627 227 40 861 12 1732 11
49  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-670 210 59 853 25 1821 1.1
50  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-675 197 76 862 32 1792 1.0
51  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-16 133 100 850 3.1 1741 0.9
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Entry Pedigree Grain Rank Anth ASI Plant EPP
Yield date height
Pedigree Mg/ha # d d cm #
52  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-18 208 61 867 52 180.7 0.9
53  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-24 3.12 3 849 1.0 1789 1.0
54  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-30 140 98 857 3.0 1850 1.0
56  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-43 257 19 859 19 1934 09
57  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-55 179 86 863 36 1589 1.2
58  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-75 265 14 856 28 1759 0.9
59  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-130 223 45 868 1.8 1902 0.9
60  CML395/CMLA444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-132 261 16 857 24 1824 0.9
61  CML395/CMLA444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-134 247 25 856 3.7 1665 1.0
62  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-145 216 51 859 24 1780 1.0
63  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-147 156 94 87.0 3.7 1708 1.0
64  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-149 167 91 848 15 168.7 0.9
65  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-163 201 68 854 50 1762 1.0
66  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-173 230 37 875 1.0 1839 1.0
67  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-218 2.76 8 843 1.0 1712 0.8
68  CML395/CML444//[[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-276 167 90 859 26 1686 1.0
69  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-292 174 88 853 22 1748 0.9
70  CML395/CML444//[[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-303 138 99 845 1.8 1831 0.9
71  CML395/CMLA444//[[CMLA440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-330 217 49 854 38 1716 0.9
72 CML395/CMLA444//[[CMLA440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-334 209 60 880 35 167.6 0.9
73 CML395/CMLA444//[[CMLA440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-337 269 12 848 26 1719 0.9
74 CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-348 185 84 846 16 1754 1.0
75  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-366 186 83 883 29 1669 1.0
76  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-381 226 41 838 18 1774 09
77  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-388 215 52 858 1.2 1759 1.1
78  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-393 207 63 880 08 1811 0.9
79  CML395/CML444//[[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-400 242 30 861 13 1738 1.0
80  CML395/CML444//[[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-403 215 54 867 24 1715 09
81  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-413 194 78 886 12 1735 0.9
82  CML395/CMLA444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-421 151 96 843 27 1698 1.0
83  CML395/CMLA444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-438 3.37 1 844 29 1606 1.0
84  CML395/CMLA444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-440 205 65 867 26 1762 1.0
85  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-447 243 27 840 25 168.1 0.9
86  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-451 242 29 859 15 186.9 09
87  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-457 211 58 850 43 1765 1.0
88  CML395/CML444//[[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-474 233 36 853 25 177.0 1.0
89  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-493 259 17 848 14 1778 09
90  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-499 263 15 844 1.8 1806 1.0
91  CML395/CML444//[[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-513 246 26 874 24 1672 09
92  CML395/CML444//[[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-522 195 77 858 31 1764 1.1
93  CML395/CMLA444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-533 2.80 7 855 2.6 1751 0.9
94  CML395/CMLA444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-535 2.90 6 87.0 2.0 1775 0.9
95  CML395/CMLA444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-536 249 24 857 17 1788 1.0
96  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-543 257 18 851 3.2 177.2 09
97  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-560 219 47 843 37 1768 1.0
98  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-572 198 74 845 23 1859 1.0
99  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-597 224 43 838 27 1648 1.0
100 CML395/CML444/[[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-631 1.19 101 874 3.0 1706 1.0
101 CML395/CML444/[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-638 207 64 847 53 1722 09
102 CML395/CML444//[CML440 270 11 828 29 181.1 0.9
Mean 2.19 857 25 1750 1.0
P 0.11 0.0 0.2 05 0.6
MSE 1.45 7.3 5.2 3937 0.01
CV % 49.50 26 86.8 114 10.9

Anth date, anthesis date; ASI, antheis silking interval; EPP, ears per plant
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GRAIN YIELD AND ITS COMPONENTS FOR POPULATION CML444 x K64R
EVALUATED ACROSS ALL ENVIRONMENTS IN MALAWI AND
ZIMBABWE IN 2003 AND 2004

Entry Pedigree Grain  Rank Anth ASI Plant EPP Moisture Kernel
Yield Date height content weight
Mg/ha # d d cm # % g
1 CML312/CML442//[K64R/CML444]-B-3 4.11 52 825 24 2086 0.8 13.0 31.6
2 CML312/CML442//[K64R/CML444]-B-7 4.13 47 823 2.7 2144 0.7 13.0 37.2
3 CML312/CML442//[K64R/CML444]-B-23 3.82 81 781 28 2008 0.7 12.4 374
4 CML312/CML442//[K64R/ICML444]-B-32 4.25 33 828 30 2112 0.7 13.0 39.8
5 CML312/CML442//[K64R/CML444]-B-34 3.66 92 81.0 33 2009 0.8 13.0 41.7
6 CML312/CML442//[K64R/CML444]-B-36 4.43 15 820 20 2105 0.8 13.1 42.9
7 CML312/CML442//[K64R/CML444]-B-44 4.44 13 836 23 2136 0.7 13.1 394
8 CML312/CML442//[K64R/ICML444]-B-66 4.13 48 845 23 2087 0.7 135 35.4
9 CML312/CML442//[K64R/CML444]-B-73 3.73 87 827 23 2096 0.7 13.4 34.2
10 CML312/CML442//[K64R/CML444]-B-93 3.90 76 826 3.0 2017 0.7 13.1 33.0
11 CML312/CML442//[K64R/CML444]-B-94 3.74 86 843 21 1834 0.7 13.3 34.7
12 CML312/CML442//[K64R/CML444]-B-115 4.58 5 842 28 2013 0.8 13.2 35.2
13 CML312/CML442//[K64R/ICML444]-B-126 4.39 18 815 25 2114 0.7 12.7 32.7
14 CML312/CML442//[K64R/CML444]-B-149 4.10 55 834 32 207.0 0.7 13.2 37.5
15 CML312/CML442//[K64R/CML444]-B-155 4.18 40 835 24 2146 0.7 13.4 354
16 CML312/CML442//[K64R/CML444]-B-160 4.03 64 840 26 2082 0.7 13.2 42.7
17 CML312/CML442//[K64R/ICML444]-B-165 4.04 58 83.7 23 2058 0.7 13.3 34.8
18 CML312/CML442//[K64R/CML444]-B-177 4.22 36 827 37 2086 0.7 13.3 38.5
19 CML312/CML442//[K64R/CML444]-B-205 3.60 93 835 32 2050 0.7 12.9 39.0
20 CML312/CML442//[K64R/CML444]-B-226 4.54 6 828 2.0 2185 0.8 12.6 33.3
21 CML312/CML442//[K64R/CML444]-B-249 3.29 96 813 21 2034 0.7 13.2 36.9
22 CML312/CML442//[K64R/ICML444]-B-251 4.11 51 831 36 2140 0.7 13.2 37.9
23 CML312/CML442//[K64R/CML444]-B-274 4.44 11 827 2.7 2040 0.8 12.5 37.9
24 CML312/CML442//[K64R/CML444]-B-292 4.03 63 819 48 2037 0.7 12.9 36.7
25 CML312/CML442//[K64R/CML444]-B-346 4.04 59 777 22 2094 0.8 13.0 374
26 CML312/CML442//[K64R/CML444]-B-351 4.20 37 822 27 2070 0.8 13.3 34.8
27 CML312/CML442//[K64R/CML444]-B-407 4.40 16 828 3.1 2136 0.8 12.9 35.0
28 CML312/CML442//[K64R/CML444]-B-427 4.13 46 827 23 2072 0.7 13.4 34.7
29 CML312/CML442//[K64R/CML444]-B-439 4.25 34 826 31 2076 0.8 13.4 32.3
30 CML312/CML442//[K64R/CML444]-B-456 4.67 3 813 29 2152 0.7 13.2 36.1
31 CML312/CML442//[K64R/ICML444]-B-470 4.13 49 828 3.4 2047 07 12.9 35.7
32 CML312/CML442//[K64R/CML444]-B-487 4.15 43 812 29 2063 0.8 135 36.4
33 CML312/CML442//[K64R/CML444]-B-497 4.12 50 841 26 2153 0.7 12.3 30.2
34 CML312/CML442//[K64R/CML444]-B-530 4.06 57 833 15 2129 0.8 13.2 38.0
35 CML312/CML442//[K64R/CML444]-B-550 3.68 91 827 21 199.0 0.7 13.3 33.5
36 CML312/CML442//[K64R/CML444]-B-570 4.15 42 823 29 2109 0.7 13.4 41.8
37 CML312/CML442//[K64R/CML444]-B-607 4.03 65 832 18 2065 0.8 13.0 39.8
38 CML312/CML442//[K64R/CML444]-B-612 4.18 39 815 31 2109 0.7 13.4 38.2
39 CML312/CML442//[K64R/CML444]-B-621 3.96 71 824 23 2066 0.7 13.4 41.6
40 CML312/CML442//[K64R/CML444]-B-631 3.94 73 834 38 1955 0.7 13.6 40.0
41 CML312/CML442//[K64R/CML444]-B-639 4.31 26 827 32 2132 0.7 13.4 38.9
42 CML312/CML442//[K64R/CML444]-B-693 3.83 80 826 27 1944 0.7 12.9 37.8
43 CML312/CML442//[K64R/CML444]-B-708 3.95 72 817 28 2020 0.7 12.7 35.6
44 CML312/CML442//[K64R/ICML444]-B-717 4.35 21 820 28 2202 0.7 13.0 36.6
45 CML312/CML442//[K64R/CML444]-B-718 4.03 62 837 24 2107 0.7 13.1 415
46 CML312/CML442//[K64R/CML444]-B-753 4.48 10 831 1.7 2011 0.7 13.5 39.3
47 CML312/CML442//[K64R/CML444]-B-763 4.36 20 852 38 2101 0.8 12.8 374
48 CML312/CML442//[K64R/CML444]-B-766 4.32 25 817 27 2005 0.7 12.7 45.0
49 CML312/CML442//[K64R/ICML444]-B-33 3.86 78 844 3.0 2118 0.7 13.1 35.4
50 CML312/CML442//[K64R/CML444]-B-55 2.09 98 864 32 1746 04 13.6 30.3
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Entry Pedigree Grain Rank Anth ASlI Plant EPP Moisture Kernel
Yield Date height content  weight
Mg/ha  # d d cm # % g
51 CML312/CML442//[K64R/CML444]-B-78 4.44 12 825 14 2103 0.7 13.4 36.2
52 CML312/CML442//[K64R/CML444]-B-85 4.20 38 845 23 2081 0.7 13.0 38.3
53 CML312/CML442//[K64R/CML444]-B-92 4.58 4 835 21 2114 0.8 13.1 38.0
54 CML312/CML442//[K64R/CML444]-B-99 3.85 79 83.3 21 2104 0.7 13.1 32.0
55 CML312/CML442//[K64R/CML444]-B-120 4.29 28 833 38 2020 0.8 12.8 38.4
56 CML312/CML442//[K64R/CML444]-B-133 3.90 75 822 29 2125 08 13.0 37.2
57 CML312/CML442/[[K64R/CML444]-B-142 4.54 7 835 25 2093 0.7 13.6 41.9
58 CML312/CML442//[K64R/CML444]-B-146 4.35 22 835 30 2115 0.7 13.2 35.7
59 CML312/CML442//[K64R/CML444]-B-167 3.71 88 825 20 2042 0.7 13.2 39.4
60 CML312/CML442//[[K64R/CML444]-B-227 4.10 53 826 24 199.7 0.7 13.0 38.7
61 CML312/CML442//[K64R/CML444]-B-233 4.43 14 84.0 27 2137 0.7 13.1 36.2
62 CML312/CML442//[K64R/CML444]-B-267 4.08 56 818 2.8 2017 0.7 13.0 36.9
63 CML312/CML442//[K64R/CML444]-B-270 4.29 30 834 29 2130 07 12.7 37.2
64 CML312/CML442//[K64R/CML444]-B-302 4.34 24 833 33 2011 0.7 12.9 35.2
65 CML312/CML442//[K64R/CML444]-B-306 4.02 66 83.1 31 2065 0.7 14.0 36.4
66 CML312/CML442//[K64R/CML444]-B-310 4.04 60 83.8 25 2108 0.7 12.9 40.1
67 CML312/CML442//[[K64R/CML444]-B-322 3.38 95 84.1 12 196.2 0.7 134 32.0
68 CML312/CML442//[K64R/CML444]-B-343 4.52 8 827 32 2099 038 131 36.8
69 CML312/CML442//[K64R/CML444]-B-355 3.44 94 809 32 1983 0.7 135 34.4
70 CML312/CML442//[K64R/CML444]-B-360 4.29 29 824 23 2089 0.8 12.8 35.5
71 CML312/CML442//[[K64R/CML444]-B-412 4.29 31 835 32 2044 0.7 135 35.6
72 CML312/CML442//[K64R/CML444]-B-430 3.78 84 835 22 1938 0.8 134 35.8
73 CML312/CML442//[K64R/CML444]-B-458 4.04 61 832 23 2080 0.6 12.6 41.9
74 CML312/CML442//[[K64R/CML444]-B-465 4.01 67 85.1 23 2028 0.7 13.8 33.3
75 CML312/CML442//[[K64R/CML444]-B-495 4.31 27 83.7 26 2116 0.7 12.7 37.3
76 CML312/CML442/[[K64R/CML444]-B-511 4.14 45 827 3.0 2011 0.6 12.6 345
77 CML312/CML442//[[K64R/CML444]-B-520 3.80 83 826 31 2034 0.7 13.1 37.9
78 CML312/CML442//[[K64R/CML444]-B-523 4.28 32 83.0 28 2040 0.7 13.1 35.3
79 CML312/CML442//[[K64R/CML444]-B-543 4.34 23 829 33 3348 08 13.4 37.1
80 CML312/CML442//[[K64R/CML444]-B-564 3.81 82 823 34 2089 0.7 13.2 35.9
81 CML312/CML442//[[K64R/CML444]-B-601 3.69 90 822 25 1951 0.7 13.7 37.1
82 CML312/CML442//[[K64R/CML444]-B-606 3.96 70 83.1 24 2039 0.7 13.3 34.4
83 CML312/CML442//[K64R/CML444]-B-626 3.05 97 847 2.0 201.7 0.7 13.7 33.4
84 CML312/CML442//[K64R/CML444]-B-637 4.14 44 83.1 15 206.3 0.8 13.5 37.3
85 CML312/CML442//[K64R/CML444]-B-643 4.24 35 834 21 2121 0.7 12.4 34.6
86 CML312/CML442//[K64R/CML444]-B-658 4.10 54 843 18 2039 0.7 13.2 40.1
87 CML312/CML442//[K64R/CML444]-B-661 3.89 7 83.2 25 2093 0.7 13.0 32.2
88 CML312/CML442//[K64R/CML444]-B-669 4.37 19 828 2.7 2052 0.7 13.0 33.0
89 CML312/CML442//[K64R/CML444]-B-734 3.99 68 83.8 3.3 2084 0.8 12.7 41.2
90 CML312/CML442//[K64R/CML444]-B-736 4.49 9 845 2.0 2057 0.8 12.9 40.3
91 CML312/CML442//[K64R/CML444]-B-750 3.71 89 846 24 2066 0.7 13.1 37.2
92 CML312/CML442//[K64R/CML444]-B-771 3.96 69 829 24 2051 0.6 13.2 38.0
93 CML312/CML442/[[K64R/CML444]-B-773 4.17 41 83.6 3.7 201.2 0.6 12.7 44.2
94 CML312/CML442//[K64R/ICML444]-B-774 4.40 17 829 20 2120 038 135 36.9
95 CML312/CML442//[K64R/CML444]-B-779 3.75 85 83.1 24 2074 0.7 125 37.8
96 CML312/CML442//[K64R/CML444]-B-793 4.81 1 832 81 2177 0.8 13.3 41.5
97 CML312/CML442//K64R 3.91 74 813 10 2012 1.2 13.4 34.1
98 CML312/CML442//CML444 4.76 2 845 23 209.7 0.8 13.2 39.5
Mean 4.09 83.0 21 2078 0.7 13.1 37.7
P 0.00 0.00 0.07 0.16 0.00 0.11 0.02
MSE 2.45 246 10.2 32348 0.1 15 83.8
CV 26.9 48 1346 255 28.8 9.6 20.7

Anth date, anthesis date; ASI, anthesis-silking interval; EPP, ears per plant
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Entry Pedigree Grain Rank Anth ASI Plant EPP Moisture Kernel
Yield date height content weight
Mg/ha # d d cm # % g

1 CML312/CML442//[K64R/CML444]-B-3 7.08 65 73.6 0.8 250.0 1.1 14.4 39.1
2 CML312/CML442//[K64R/CML444]-B-7 7.10 63 73.7 1.3 246.7 0.9 14.7 40.0
3 CML312/CML442//[K64R/ICML444]-B-23 6.84 75 74.2 1.5 247.3 0.9 13.7 43.1
4 CML312/CML442//[K64R/CML444]-B-32 8.05 27 75.6 -0.2 233.0 1.0 14.1 42.4
5 CML312/CML442//[K64R/ICML444]-B-34 5.41 96 72.6 1.0 231.8 1.0 14.5 43.3
6 CML312/CML442//[K64R/ICML444]-B-36 7.04 69 72.1 0.3 246.0 0.8 14.3 48.6
7 CML312/CML442//[K64R/ICML444]-B-44 7.26 57 74.5 0.8 241.1 0.8 14.6 40.3
8 CML312/CML442//[K64R/ICML444]-B-66 7.94 33 77.3 0.2 232.2 0.9 14.8 39.5
9 CML312/CML442//[K64R/ICML444]-B-73 6.40 87 75.4 1.0 245.4 1.0 14.1 33.4
10 CML312/CML442//[K64R/CML444]-B-93 8.67 6 73.9 0.8 242.3 1.0 13.9 42.5
11 CML312/CML442//[K64R/CML444]-B-94 6.82 76 75.2 0.5 221.1 0.9 14.5 37.8
12 CML312/CML442//[K64R/CML444]-B-115 8.30 19 77.2 0.8 229.2 0.8 14.6 42.2
13 CML312/CML442//[K64R/CML444]-B-126 8.71 3 73.9 0.7 242.8 0.8 13.2 36.2
14 CML312/CML442//[K64R/CML444]-B-149 6.65 82 74.7 1.5 229.8 0.8 14.3 41.7
15 CML312/CML442//[K64R/CML444]-B-155 7.72 43 75.0 0.8 255.9 0.8 14.6 38.7
16 CML312/CML442//[K64R/CML444]-B-160 7.43 54 76.0 -0.2 248.5 0.8 14.1 41.3
17 CML312/CML442//[K64R/CML444]-B-165 8.09 25 75.6 0.5 253.7 0.8 15.0 44.2
18 CML312/CML442//[K64R/CML444]-B-177 7.97 32 74.1 1.2 241.3 0.8 15.5 43.6
19 CML312/CML442//[K64R/CML444]-B-205 6.34 88 75.6 0.2 240.7 1.0 14.6 46.0
20 CML312/CML442//[K64R/CMLA444]-B-226 8.57 8 74.3 -0.3 253.7 1.0 15.5 39.4
21 CML312/CML442//[K64R/CML444]-B-249 5.72 93 71.6 0.2 237.1 0.9 14.6 49.2
22  CML312/CML442//[K64R/CMLA444]-B-251 8.02 29 75.2 0.3 245.4 1.0 14.5 41.6
23 CML312/CML442//[K64R/CML444]-B-274 8.02 29 73.9 2.2 250.3 1.0 14.0 44.5
24  CML312/CML442//[K64R/CMLA444]-B-292 7.07 67 73.5 1.0 233.1 0.9 14.1 37.9
25 CML312/CML442//[K64R/CML444]-B-346 6.88 74 75.4 0.0 261.5 0.9 13.7 41.0
26 CML312/CML442//[K64R/CML444]-B-351 7.08 66 73.5 1.3 238.5 0.9 15.0 45.8
27  CML312/CML442//[K64R/CMLA444]-B-407 8.41 14 74.5 0.8 252.9 1.0 14.8 36.0
28 CML312/CML442//[K64R/CML444]-B-427 7.50 50 77.2 -0.5 233.1 0.8 15.2 41.7
29 CML312/CML442//[K64R/CML444]-B-439 7.20 59 73.7 0.8 246.3 1.0 14.3 41.4
30 CML312/CML442//[K64R/CML444]-B-456 8.05 26 72.8 1.5 234.9 1.0 14.7 40.3
31 CML312/CML442//[[K64R/ICML444]-B-470 7.88 37 73.4 0.8 245.4 0.9 14.5 46.1
32 CML312/CML442//[K64R/CML444]-B-487 7.06 68 73.8 0.2 234.0 0.9 14.5 42.7
33  CML312/CML442//[K64R/ICML444]-B-497 8.47 11 75.4 -0.5 254.1 1.0 14.4 41.1
34 CML312/CML442//[K64R/CML444]-B-530 7.86 39 75.6 -0.2 244.3 1.0 14.6 47.5
35 CML312/CML442//[K64R/ICML444]-B-550 6.23 90 73.3 0.2 223.2 0.7 15.3 37.0
36 CML312/CML442//[K64R/CML444]-B-570 7.73 42 72.7 2.3 238.3 0.8 14.5 40.9
37  CML312/CML442//[K64R/ICML444]-B-607 6.93 72 77.5 0.5 228.5 0.8 14.6 45.0
38 CML312/CML442//[K64R/CML444]-B-612 7.45 53 74.6 0.8 248.3 0.9 15.0 40.4
39 CML312/CML442//[K64R/ICML444]-B-621 7.47 52 75.0 0.3 240.1 0.9 14.4 41.9
40 CML312/CML442//[[K64R/ICML444]-B-631 7.08 64 73.8 1.7 231.8 0.7 14.5 42.6
41  CML312/CML442//[K64R/CML444]-B-639 7.41 55 74.4 0.5 233.7 0.9 14.7 39.4
42  CML312/CML442//[K64R/ICML444]-B-693 6.30 89 73.7 1.7 234.0 0.9 13.7 38.5
43  CML312/CML442//[K64R/CML444]-B-708 7.23 58 73.8 0.0 230.5 1.0 14.5 44.2
44  CML312/CML442//[[K64R/ICML444]-B-717 8.42 13 72.7 0.9 251.1 0.9 14.2 42.2
45  CML312/CML442//[K64R/CML444]-B-718 8.13 22 75.7 0.0 246.9 1.0 14.6 49.3
46  CML312/CML442//[[K64R/ICML444]-B-753 8.37 16 75.3 0.2 235.8 1.0 15.5 47.7
47  CML312/CML442//[K64R/ICML444]-B-763 8.51 9 76.4 0.5 252.8 0.8 14.2 48.2
48  CML312/CML442//[K64R/ICML444]-B-766 7.90 34 74.1 1.0 235.4 1.0 14.3 48.3
49  CML312/CML442//[K64R/CML444]-B-33 7.17 62 77.3 0.0 254.2 0.9 13.8 42.5



Entry Pedigree Grain Rank Anth ASI Plant EPP Moisture Kernel

Yield date height content weight

Mg/ha  # d d cm # % g
50 CML312/CML442//[K64R/CML444]-B-55 2.84 98 749 15 2064 04 13.9 32.8
51 CML312/CML442//[K64R/CML444]-B-78 7.69 45 747 -0.3 242.0 0.9 14.4 42.3
52  CML312/CML442//[K64R/ICML444]-B-85 7.20 60 74.3 1.5 226.6 0.9 15.4 40.4
53  CML312/CML442//[[K64RICML444]-B-92 8.03 28 73.7 1.2 2439 0.8 14.1 43.7
54 CML312/CML442//[K64RICML444]-B-99 6.57 84 75.1 05 2343 0.9 15.2 36.4
55  CML312/CML442//[K64RICML444]-B-120 7.67 46 755 1.2 2335 0.9 14.3 42.7
56 CML312/CML442//[[K64R/CML444]-B-133 6.58 83 744 0.8 2451 0.8 16.1 40.8
57  CML312/CML442//[[K64R/CML444]-B-142 7.59 49 754 05 2455 038 14.2 38.3
58 CML312/CML442//[K64RICML444]-B-146 8.34 17 76.5 0.8 246.0 1.0 14.8 39.2
59 CML312/CML442//[K64R/CML444]-B-167 6.69 81 73.2 0.5 232.6 1.0 14.2 43.2
60 CML312/CML442//[K64R/CML444]-B-227 6.93 73 754 0.3 224.3 1.0 14.2 39.9
61 CML312/CMLA442//[K64R/CML444]-B-233 8.02 31 76,5 05 2524 0.8 13.7 46.4
62 CML312/CMLA442//[K64R/CML444]-B-267 7.87 38 73.1 20 239.1 0.9 14.4 35.1
63  CML312/CML442//[K64R/CML444]-B-270 8.43 12 756 0.7 2421 1.0 14.5 40.7
64  CML312/CML442//[K64R/CML444]-B-302 7.78 41 754 1.0 2329 1.1 14.4 40.6
65 CML312/CML442//[K64RICML444]-B-306 6.98 71 753 1.3 2327 0.8 15.0 42.0
66 CML312/CML442//[K64R/CML444]-B-310 8.32 18 76.0 0.5 259.1 1.0 14.4 48.8
67 CML312/CML442//[K64R/CML444]-B-322 5.49 95 76.0 0.7 215.4 0.8 14.8 35.3
68 CML312/CML442//[K64R/CML444]-B-343 8.70 4 75.6 0.0 246.9 0.9 14.0 455
69 CML312/CMLA442//[K64R/CML444]-B-355 5.36 97 725 1.0 2279 0.5 14.9 41.3
70  CML312/CMLA442//[K64R/CML444]-B-360 7.90 34 75.3 -0.3 2344 1.1 14.2 40.4
71 CML312/CML442//[K64R/CML444]-B-412 7.35 56 755 0.7 2250 0.8 14.8 41.9
72  CML312/CML442//[K64R/CML444]-B-430 6.56 85 765 0.7 2366 09 14.7 42.3
73  CML312/CML442//[K64RICML444]-B-458 7.48 51 757 0.8 2285 09 14.2 50.1
74  CML312/CML442//[K64R/CML444]-B-465 8.16 21 754 0.8 248.2 0.8 15.0 36.5
75 CML312/CML442//[K64R/CML444]-B-495 7.64 47 75.3 0.4 255.9 0.8 13.8 40.6
76 CML312/CMLA442//[K64R/CML444]-B-511 7.81 40 76,5 0.0 2325 0.9 14.7 37.2
77  CML312/CML442//[K64R/CML444]-B-520 7.62 48 74.5 1.5 247.9 1.1 14.7 41.8
78 CML312/CML442//[K64R/CML444]-B-523 8.10 24 739 15 2424 1.0 14.6 43.4
79 CML312/CML442//[K64R/CML444]-B-543 8.51 10 751 05 2482 1.0 15.4 35.6
80 CML312/CML442//[[K64R/CML444]-B-564 6.76 78 73.7 08 237.8 0.9 13.6 43.5
81 CML312/CML442//[K64R/ICML444]-B-601 6.77 77 743 1.0 2359 0.9 14.5 42.9
82  CML312/CML442//[K64R/ICML444]-B-606 7.71 44 75.5 0.5 238.4 0.7 14.5 40.0
83  CML312/CML442//[K64RICML444]-B-626 5.55 94 759 -12 2371 0.9 14.7 40.9
84  CML312/CML442//[K64RICML444]-B-637 7.02 70 74.8 -05 229.2 0.8 15.3 43.8
85 CML312/CML442//[K64RICML444]-B-643 8.64 7 74.2 0.0 245.0 1.1 13.6 38.5
86  CML312/CML442//[K64R/CML444]-B-658 6.45 86 78.1 0.0 2329 0.7 15.9 42.8
87  CML312/CMLA442//[[K64R/CML444]-B-661 6.72 79 749 03 2386 09 14.7 38.8
88  CML312/CML442//[K64R/ICML 444]-B-669 8.25 20 73.8 0.2 2315 1.0 14.3 38.5
89  CML312/CML442//[K64RICML444]-B-734 7.19 61 76.7 0.2 234.1 0.9 15.0 42.3
90 CML312/CML442//[K64RICML444]-B-736 8.13 22 77.3 -0.2 2414 1.2 13.7 44.0
91 CML312/CML442//[K64RICML444]-B-750 6.19 91 755 1.0 2447 0.9 15.0 36.6
92  CML312/CML442//[K64RICML444]-B-771 7.90 34 755 -0.5 240.0 0.7 14.2 43.9
93  CML312/CMLA442//[[K64R/ICML444]-B-773 8.69 5 76.1 12 2231 0.8 14.4 48.5
94  CML312/CML442//[[K64R/ICML444]-B-774 9.05 2 73.0 1.0 2475 1.1 15.0 37.0
95  CML312/CML442//[K64R/CML444]-B-779 6.72 80 76.0 05 2411 0.9 13.7 43.3
96  CML312/CML442//[K64R/ICML444]-B-793 8.39 15 744 0.8 2487 0.8 15.1 50.7
97  CML312/CMLA442//KB4R 6.16 92 73.1 02 2194 29 15.2 37.0
98  CML312/CML442//CML444 9.37 1 77.0 -0.7 2418 1.0 14.3 37.2
Mean 7.43 749 0.6 2394 09 14.5 42.1
P 0 0.0 0.3 0.0 0.5 0.0 0.7
MSE 3.73 7.0 1.7 4424 0.1 1.1 29.6
CV % 17.89 2.6 2057 5.9 37.1 6.1 13.6

Anth date, anthesis date; ASI, anthesis silking interval; EPP, ears per plant
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GRAIN YIELD AND ITS COMPONENTS FOR POPULATION CML444 x K64R
EVALUATED ACROSS DROUGHT ENVIRONMENTS IN MALAWI AND
ZIMBABWE IN 2004

Entry Pedigree Grain Rank Anth ASI Plant EPP Moisture Kernel
Yield date height content weight
Mg/ha # d d cm # % g
1 CML312/CML442//[K64R/CML444]-B-3 1.11 32 90.8 3.4 168.6 0.3 13.7 27.5
2 CML312/CML442//[K64R/CML444]-B-7 1.67 4 91.7 5.5 172.6 0.5 15.8 37.5
3 CML312/CML442//[[K64R/CML444]-B-23 0.66 87 72.3 6.5 140.0 0.3 14.3 46.1
4 CML312/CML442/[[K64R/CML444]-B-32 1.10 34 92.3 8.4 167.9 0.4 16.4 27.5
5 CML312/CML442//[[K64R/CML444]-B-34 1.10 33 91.0 11.5 153.6 0.5 15.0 40.0
6 CML312/CML442//[K64R/CML444]-B-36 1.12 29 92.6 3.4 154.5 0.4 15.9 42.5
7 CML312/CML442//[[K64R/CML444]-B-44 1.43 8 94.9 2.7 166.3 0.4 16.0 40.0
8 CML312/CML442/[[K64R/CML444]-B-66 0.87 71 96.4 6.0 179.5 0.3 17.1 26.1
9 CML312/CML442//[[K64R/CML444]-B-73 1.35 12 91.3 5.0 157.8 0.4 16.3 40.0
10 CML312/CML442//[K64R/CML444]-B-93 0.95 61 93.3 54 148.6 0.4 18.3 31.1
11 CML312/CML442//[K64R/CML444]-B-94 0.76 80 95.6 3.5 137.3 0.4 17.4 31.1
12 CML312/CML442//[K64R/CML444]-B-115 1.18 23 94.1 8.1 147.1 0.4 14.2 23.9
13 CML312/CML442//[K64R/CML444]-B-126 1.00 51 89.8 6.2 162.3 0.5 15.4 23.9
14 CML312/CML442//[K64R/CML444]-B-149 1.25 19 94.8 55 174.1 0.4 18.0 37.5
15 CML312/CML442//[K64R/CML444]-B-155 1.06 42 92.1 6.4 167.6 0.4 16.2 32.5
16 CML312/CML442//[K64R/CML444]-B-160 1.19 20 93.1 1.7 161.7 0.4 17.3 51.1
17 CML312/CML442//[K64R/CML444]-B-165 1.14 27 93.8 9.6 154.2 0.4 18.7 28.9
18 CML312/CML442//[K64R/CML444]-B-177 0.98 54 92.3 11.7 162.6 0.4 18.8 35.0
19 CML312/CML442//[K64R/CML444]-B-205 0.96 59 92.5 9.3 154.3 0.4 17.4 45.0
20 CML312/CML442//[[K64R/CML444]-B-226 0.88 69 92.0 5.2 165.6 0.3 9.9 37.5
21 CML312/CML442//[[K64R/CML444]-B-249 0.38 97 92.0 4.9 162.2 0.4 18.4 30.0
22 CML312/CML442//[K64R/CML444]-B-251 0.95 60 91.8 10.8 161.1 0.4 16.8 40.0
23 CML312/CML442//[[K64R/CML444]-B-274 1.07 37 90.7 6.7 156.5 0.6 14.9 25.0
24 CML312/CML442/[[K64R/CML444]-B-292 0.80 77 90.1 15.7 165.1 0.4 16.8 48.9
25 CML312/CML442//[[K64R/CML444]-B-346 1.16 25 71.2 5.5 158.8 0.5 14.1 46.1
26 CML312/CML442//[K64R/CML444]-B-351 1.08 36 94.0 6.7 158.4 0.3 15.7 32.5
27 CML312/CML442//[K64R/CML444]-B-407 1.19 21 93.4 8.5 160.1 0.4 13.9 27.5
28 CML312/CML442//[[K64R/CML444]-B-427 0.73 83 87.5 8.4 155.8 0.5 17.3 30.0
29 CML312/CML442//[K64R/CML444]-B-439 1.06 46 91.5 7.9 160.4 0.5 18.3 25.0
30 CML312/CML442//[[K64R/CML444]-B-456 1.11 31 89.5 7.4 166.7 0.3 15.4 27.5
31 CML312/CML442//[K64R/CML444]-B-470 0.93 64 94.9 6.3 155.1 0.3 . 33.9
32 CML312/CML442//[[K64R/CML444]-B-487 0.96 58 87.8 8.5 164.4 0.4 16.9 35.0
33 CML312/CML442//[K64R/CML444]-B-497 0.66 86 94.5 10.7 157.6 0.2 11.8 18.0
34 CML312/CML442//[[K64R/CML444]-B-530 0.90 66 91.5 2.6 166.6 0.4 16.3 42.5
35 CML312/CML442//[K64R/CML444]-B-550 1.07 38 92.7 5.6 171.4 0.4 15.3 27.5
36 CML312/CML442//[[K64R/CML444]-B-570 0.69 85 91.6 6.4 158.3 0.3 18.5 45.0
37 CML312/CML442//[K64R/CML444]-B-607 1.32 13 90.7 4.3 164.8 0.5 13.5 40.0
38 CML312/CML442//[K64R/CML444]-B-612 1.52 6 88.5 6.5 166.6 0.5 16.6 42.5
39 CML312/CML442//[[K64R/CML444]-B-621 0.98 53 92.0 5.5 167.8 0.4 17.5 50.0
40 CML312/CML442//[K64R/CML444]-B-631 0.36 98 94.5 9.4 154.1 0.4 19.5 37.5
41 CML312/CML442//[K64R/CML444]-B-639 1.45 7 91.5 7.6 177.8 0.4 18.8 42.5
42 CML312/CML442//[K64R/CML444]-B-693 0.81 75 91.0 7.5 172.6 0.4 17.7 32.5
43 CML312/CML442//[K64R/CML444]-B-708 1.68 2 89.8 6.2 174.2 0.6 13.2 27.5
44  CML312/CML442//[K64R/CML444]-B-717 0.94 62 91.0 6.6 175.2 0.2 17.0 37.5
45 CML312/CML442//[[K64R/CML444]-B-718 0.63 88 93.2 6.9 155.3 0.3 17.7 47.5
46 CML312/CML442//[K64R/CML444]-B-753 0.44 93 93.4 7.0 149.5 0.2 15.2 23.9
47 CML312/CML442//[K64R/CML444]-B-763 0.77 79 93.1 16.9 150.5 0.5 14.5 26.1
48 CML312/CML442//[K64R/CML444]-B-766 1.27 17 89.4 4.3 150.2 0.4 15.3 45.0
49 CML312/CML442//[K64R/CML444]-B-33 0.86 72 96.8 7.6 163.1 0.1 17.1 35.0
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Entry Pedigree Grain Rank Anth ASI Plant EPP Moisture Kernel
Yield date height content weight
Mg/ha # d d cm # % g

50 CML312/CML442//[K64R/CML444]-B-55 0.82 74 991 7.3 1394 0.2 . 40.0
51 CML312/CML442//[K64R/CML444]-B-78 1.06 40 924 44 1619 0.3 19.9 25.0
52 CML312/CML442//[[K64R/CML444]-B-85 0.85 73 956 8.1 164.1 0.3 13.1 37.5
53 CML312/CML442//[[K64R/CML444]-B-92 111 30 96.7 6.5 180.9 0.4 18.8 46.1
54 CML312/CML442//[[K64R/CML444]-B-99 1.07 39 92.7 29 1780 0.3 15.9 25.0
55 CML312/CML442//[K64R/CML444]-B-120 1.30 15 93.8 104 148.1 0.4 17.0 40.0
56 CML312/CML442//[K64R/CML444]-B-133 0.97 57 920 8.3 1553 0.4 11.1 325
57 CML312/CML442//[K64R/CML444]-B-142 0.98 55 93.1 6.5 1537 0.5 15.7 50.0
58 CML312/CML442//[K64R/CML444]-B-146 0.71 84 96.2 7.1 1553 0.3 17.6 40.0
59 CML312/CML442//[K64R/CML444]-B-167 0.89 68 934 36 164.2 0.4 17.9 47.5
60 CML312/CML442//[K64R/CML444]-B-227 1.58 5 91.8 51 168.7 0.5 18.3 43.6
61 CML312/CML442//[K64R/CML444]-B-233 1.06 45 926 4.6 169.1 0.4 18.5 30.0
62 CML312/CML442//[K64R/CML444]-B-267 1.26 18 90.6 5.2 1579 0.4 16.3 50.0
63 CML312/CML442//[K64R/CML444]-B-270 0.97 56 927 74 1756 0.3 16.3 35.0
64 CML312/CML442//[K64R/CML444]-B-302 1.06 44 93.1 99 1579 0.4 19.5 48.9
65 CML312/CML442//[K64R/CML444]-B-306 1.18 22 91.7 46 1710 0.5 20.2 375
66 CML312/CML442//[K64R/CML444]-B-310 1.06 43 925 6.6 166.8 0.3 15.9 35.0
67 CML312/CML442//[K64R/CML444]-B-322 1.68 3 945 -05 1585 0.5 16.8 35.0
68 CML312/CML442//[K64R/CML444]-B-343 0.94 63 91.7 8.3 159.0 0.6 18.8 33.0
69 CML312/CML442//[K64R/CML444]-B-355 1.04 49 886 51 165.7 0.5 20.0 26.1
70 CML312/CML442//[K64R/CML444]-B-360 1.32 14 91.8 6.0 169.8 0.6 16.3 30.0
71 CML312/CML442//[K64R/CML444]-B-412 1.12 28 920 99 1656 0.4 19.3 25.0
72 CML312/CMLA442//[K64R/CML444]-B-430 1.16 24 89.7 7.0 1633 0.5 18.3 38.6
73 CML312/CML442//[K64R/CML444]-B-458 0.42 94 91.8 6.0 163.6 0.2 15.6 40.4
74 CML312/CML442//[K64R/CML444]-B-465 0.52 90 96.0 7.3 163.8 0.4 16.6 27.5
75 CML312/CML442//[K64R/CML444]-B-495 1.05 47 93.8 11.0 155.2 0.4 16.6 23.9
76 CML312/CML442//[K64R/CML444]-B-511 0.79 78 924 6.6 156.5 0.3 14.5 27.5
77 CML312/CML442//[K64R/CML444]-B-520 0.87 70 921 6.1 164.8 0.3 16.8 37.5
78 CML312/CML442//[K64R/CML444]-B-523 0.91 65 936 8.1 1557 0.4 17.5 30.0
79 CML312/CMLA442//[K64R/CML444]-B-543 1.28 16 915 7.3 1781 0.4 20.2 47.5
80 CML312/CML442//[K64R/CML444]-B-564 0.75 81 914 84 166.3 0.4 18.4 45.0
81 CML312/CML442//[K64R/CML444]-B-601 0.99 52 91.3 53 160.1 0.4 18.1 425
82 CML312/CML442//[K64R/CML444]-B-606 0.80 76 938 5.7 159.1 0.3 19.3 25.0
83 CML312/CML442//[K64R/CML444]-B-626 0.45 92 95.0 5.6 158.6 0.2 17.0 35.0
84 CML312/CML442//[K64R/CML444]-B-637 1.06 40 925 4.0 160.7 0.6 16.2 35.0
85 CML312/CML442//[K64R/CML444]-B-643 0.50 91 93.3 51 1583 0.3 16.1 37.5
86 CML312/CML442//[K64R/CML444]-B-658 1.40 10 947 3.3 1623 0.4 15.6 45.0
87 CML312/CML442//[K64R/CML444]-B-661 1.02 50 921 7.6 180.9 0.3 16.6 35.0
88 CML312/CML442//[K64R/CML444]-B-669 0.61 89 941 8.7 1465 0.3 13.8 15.5
89 CML312/CML442//[[K64R/CML444]-B-734 1.42 9 90.7 5.8 170.2 0.6 13.8 40.0
90 CML312/CML442//[K64R/CML444]-B-736 1.10 35 945 4.7 1442 0.5 17.3 51.1
91 CML312/CML442//[K64R/CML444]-B-750 0.90 67 96.5 6.1 1385 0.3 19.0 46.1
92 CML312/CML442//[K64R/CML444]-B-771 0.39 96 916 52 1654 0.2 19.4 40.0
93 CML312/CML442//[K64R/CML444]-B-773 0.42 95 929 11.2 156.9 0.2 17.1 47.5
94 CML312/CML442//[K64AR/CML444]-B-774 1.04 48 941 40 160.8 0.4 17.7 40.0
95 CML312/CML442//[K64R/CML444]-B-779 0.73 82 90.7 4.7 1604 0.2 . 50.0
96 CML312/CML442//[K64R/CML444]-B-793 1.14 26 90.1 8.1 165.1 0.4 15.8 45.0
97 CML312/CML442//K64R 1.72 1 88.0 15 1746 0.7 15.1 36.1
98 CML312/CML442//CML444 1.38 11 954 54 1629 0.2 15.6 47.5
Mean 1 92.18 544 16154 0.37 16.67 36.44
P 0.26 0.4 0.1 0.75 0.27 0.11 0.22
MSE 0.76 4968 20.27 625.45 0.06 7.86 119.2
CV % 82.5 7.6 6512 165 63.4 1436 27.58

Anth date, anthesis date; ASI, anthesis-silking interval; EPP, ears per plant
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GRAIN YIELD AND ITS COMPONENTS FOR POPULATION CML312 x NAW
EVALUATED ACROSS ALL ENVIRONMENTS IN MALAWI AND
ZIMBABWE IN 2003 AND 2004

Entry Pedigree Grain  Rank Anth ASI Plant EPP Moisture Kernel

Yield Date height content  weight

Mgha # d d cm # % [
1 CML395/CMLA444//[INAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-9 367 86 833 19 2259 06 142 392
2 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-10 430 17 837 23 2135 06 134 395
3 CML395/CMLA44//[[NAW 5867/P49-SR(S24)/INAW 5867] FS#-48-2-2-BB/CML312]-B-13 371 82 826 24 22718 0.7 133 357
4 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-38 433 12 829 24 2179 07 134 364
5 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-45 407 50 844 15 2342 06 136 423
6 CML395/CMLA44//[[NAW 5867/P49-SR(S24)/INAW 5867] FS#-48-2-2-BB/CML312]-B-58 432 13 824 24 2192 07 139 401
7 CML395/CML444//[INAW 5867/P49-SR(S24)INAW 5867] FS#-48-2-2-BB/CML312]-B-63 427 21 845 20 2211 07 147 399
8  CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-92 387 71 830 27 2290 06 137 403
9  CML395/CMLA44//[[NAW 5867/P49-SR(S2£)/INAW 5867] FS#-48-2-2-BB/CML312]-B-107 316 101 828 23 2251 06 134 353
10 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-167 48 1 837 17 2328 08 143 411
11 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-201 406 52 831 19 2269 06 140 389
12 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/ICML312]-B-202 404 54 833 1.6 2260 06 134 400
13 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-224 370 83 824 25 2242 06 137 396
14 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-235 398 57 847 16 2254 05 139 409
15 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/ICML312]-B-249 401 55 839 25 2244 07 134 426
16 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-258 425 23 825 12 2316 07 137 383
17  CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-270 390 66 826 29 2274 07 133 372
18 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/ICML312]-B-273 386 72 846 17 2279 05 155 419
19 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-279 356 93 816 24 2248 12 134 407
20  CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-286 415 40 826 18 2200 07 131 386
21  CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-287 421 28 824 18 2262 06 135 409
22 CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FSt-48-2-2-BB/CML312]-B-292 411 43 839 17 2342 06 137 381
23 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-315 462 2 828 22 2361 07 136 400
24  CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-320 417 35 817 25 2230 0.7 132 400
25 CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FSt-48-2-2-BB/CML312]-B-321 412 42 828 22 2231 07 135 390
26 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-324 395 59 826 23 2282 06 134 370
27 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-325 440 8 837 26 2266 07 126 388
28  CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-330 376 79 833 34 2271 06 136 397
29  CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-359 362 8 822 25 2213 07 135 399
30 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-379 359 89 832 21 2236 06 135 413
31 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-405 395 61 832 23 2250 07 134 376
32 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/ICML312]-B-409 448 5 838 19 2285 07 136 396
33 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-410 391 64 826 20 2267 06 142 399
34 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-419 388 70 834 30 2213 07 143 371
35 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/ICML312]-B-422 420 30 832 25 2250 0.7 140 382
36 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-437 405 53 832 27 2242 07 138 389
37 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-439 391 65 842 29 2289 06 137 385
38 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/ICML312]-B-445 432 14 830 27 2203 07 137 399
39  CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-482 359 90 820 23 2272 06 134 425
40 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-501 454 4 826 19 2234 07 133 405
41 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-540 334 100 833 24 2191 05 137 391
42 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-559 340 99 831 30 2205 12 143 395
43 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-560 409 48 840 20 2328 06 138 382
44 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-603 461 3 835 19 2331 0.7 140 403
45 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-658 421 27 838 19 2230 06 146 394
46  CML395/CMLA44/I[[NAW 5867/P49-SR(S24)/INAW 5867 FS#-48-2-2-BBICML312]-B-675 416 38 832 25 2279 06 145 395
47  CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-703 343 98 830 29 2292 06 144 386
48  CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-705 423 25 830 18 2259 07 134 371
49  CML395/CMLA44/I[[NAW 5867/P49-SR(S24)/INAW 5867 FS#-48-2-2-BBICML312]-B-728 395 60 822 24 2279 07 132 403
50 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BBICML312]-B-767 355 94 829 21 2215 06 132 387
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Entry Pedigree Grain Rank Anth ASI Plant EPP Moisture Kernel
Yield Date height content  weight
Mgha # d d m  # % [

51 CML395/CML444//[[NAW 5867/P49-SR(S2#)INAW 5867 FS#-48-2-2-BB/CML312]-B-8 366 87 828 27 2197 06 13.0 393
52 CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867 FS#-48-2-2-BB/CML312]-B-32 392 63 820 25 2302 06 139 390
53 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-34 439 9 834 26 2216 06 136 414
54  CML395/CMLA444//[[NAW 5867/P49-SR(S2#)INAW 5867] FS#-48-2-2-BB/CML312]-B-75 442 7 826 17 2274 06 135 401
55 CML395/CMLA44//[[NAW 5867/P49-SR(S24)/INAW 5867] FS#-48-2-2-BB/CML312]-B-79 428 20 832 26 2298 06 132 404
56 CML395/CMLA44//[[NAW 5867/P49-SR(S24)/INAW 5867] FS#-48-2-2-BB/CML312]-B-87 419 32 828 29 2260 06 143 400
57 CML395/CML444//[[NAW 5867/P49-SR(S24)/INAW 5867] FS#-48-2-2-BB/CML312]-B-95 369 85 829 31 2152 06 136 413
58 CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867 FS#-48-2-2-BB/CML312]-B-101 357 91 847 14 2274 06 144 379
59 CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867 FS#-48-2-2-BB/CML312]-B-108 384 75 840 27 2232 06 140 388
60 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-110 428 18 836 18 2293 07 142 422
61 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)INAW 5867] FS#-48-2-2-BB/CML312]-B-130 409 46 842 16 2273 06 134 398
62 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-173 384 76 825 20 2303 06 145 423
63 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-174 407 51 844 18 2164 07 135 399
64 CML395/CML444//[[NAW 5867/P49-SR(S24)/INAW 5867] FS#-48-2-2-BB/CML312]-B-211 416 37 830 31 2318 06 140 406
65 CML395/CML444//[[NAW 5867/P49-SR(S24)/INAW 5867] FS#-48-2-2-BB/CML312]-B-215 447 6 833 23 2340 06 132 414
66 CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867 FS#-48-2-2-BB/CML312]-B-227 388 69 841 25 2307 06 133 403
67 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-233 420 29 821 27 2312 06 144 393
68 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-267 439 11 820 18 2259 07 134 432
69 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-268 386 73 837 23 2282 05 146 406
70 CML395/CMLA44//[INAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-269 392 62 839 26 2275 06 145 406
71 CML395/CML444//[[NAW 5867/P49-SR(S24)/INAW 5867] FS#-48-2-2-BB/CML312]-B-281 416 39 826 19 2181 06 136 394
72 CML395/CML444//[[NAW 5867/P49-SR(S24)/INAW 5867] FS#-48-2-2-BB/CML312]-B-288 389 68 835 25 2223 06 133 404
73  CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867 FS#-48-2-2-BB/CML312]-B-295 431 16 841 20 2291 07 135 375
74 CML395/CMLA444/I[[NAW 5867/P49-SR(S2#)/INAW 5867 FS#-48-2-2-BB/CML312]-B-308 427 22 839 27 2240 07 136 410
75 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-309 431 15 832 26 2316 07 136 416
76  CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-310 418 34 838 28 2242 06 132 413
77 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-326 390 67 832 26 2210 06 138 393
78 CML395/CML444//[[NAW 5867/P49-SR(S24)/INAW 5867] FS#-48-2-2-BB/CML312]-B-356 416 36 842 19 2219 06 143 392
79 CML395/CML444//[[NAW 5867/P49-SR(S24)/INAW 5867] FS#-48-2-2-BB/CML312]-B-372 357 92 843 29 2206 06 133 402
80 CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867 FS#-48-2-2-BB/CML312]-B-376 348 97 839 24 2209 06 132 391
81 CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867 FS#-48-2-2-BB/CML312]-B-423 353 95 835 25 2209 07 143 400
82 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-427 419 31 832 25 2192 06 147 426
83 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-430 425 24 831 28 2290 07 137 398
84 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-463 400 56 832 25 2281 06 138 367
85 CML395/CMLA444//[[NAW 5867/P49-SR(S24)/INAW 5867] FS#-48-2-2-BB/CML312]-B-467 439 10 838 27 2346 06 135 424
86 CML395/CML444//[[NAW 5867/P49-SR(S24)/INAW 5867] FS#-48-2-2-BB/CML312]-B-502 350 96 841 26 2285 06 133 374
87 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867 FS#-48-2-2-BB/CML312]-B-536 373 80 839 19 2258 07 135 36.6
88 CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867 FS#-48-2-2-BB/CML312]-B-561 372 81 842 21 2158 05 134 36.0
89 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)INAW 5867] FS#-48-2-2-BB/CML312]-B-570 370 84 778 17 2193 06 121 358
90 CML395/CMLA44/I[INAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-585 422 26 826 21 2210 06 136 383
91 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-639 410 45 825 30 2190 06 132 380
92 CML395/CML444//[[NAW 5867/P49-SR(S24)/INAW 5867] FS#-48-2-2-BB/CML312]-B-644 398 58 834 21 2284 06 135 418
93 CML395/CML444//[[NAW 5867/P49-SR(S24)/INAW 5867] FS#-48-2-2-BB/CML312]-B-661 408 49 834 20 2253 07 143 387
94 CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867 FS#-48-2-2-BB/CML312]-B-722 410 44 828 30 2295 07 138 416
95 CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-724 380 78 827 21 2331 07 144 412
96 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)INAW 5867] FS#-48-2-2-BB/CML312]-B-733 418 33 829 20 2230 07 137 402
97 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-736 428 19 829 25 2173 06 143 430
98 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-750 409 47 838 18 2334 05 142 426
99 CML395/CML444//[[NAW 5867/P49-SR(S24)/INAW 5867] FS#-48-2-2-BB/CML312]-B-758 413 41 831 19 2302 06 130 420
100 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-771 385 74 842 33 2217 06 144 371
101 CML395/CML444/[CML312 381 77 827 24 2231 07 135 365
102 CML395/CML444//[NAWS5867/P49-SR(S2#)/INAW5867]FS#-48-2-2-BBB 306 102 851 26 2028 0.6 13.0 356
Mean 4.00 833 20 2254 06 139 395
P 0.01 0.00 0.09 0.01 0.87 068 0.10
MSE 1.89 130 30 5200 01 29 344
cv 28.70 35 788 85 564 127 136

Anth date, anthesis date; ASI, anthesis silking interval; EPP, ears per plant
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GRAIN YIELD AND ITS COMPONENTS FOR POPULATION CML312 x NAW

EVALUATED ACROSS HIGH N ENVIRONMENTS IN MALAWI AND

ZIMBABWE IN 2003 AND 2004

Entry Pedigree Grain Rank Anth ASI Plant EPP Grain MoistureKernel
Yield date height texure content weight
Mg/ha # d d cm  # 1to5 % g
1 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-9 6.01 77 760 0.8 2464 08 31 153 427
2 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FSt#-48-2-2-BB/CML312]-B-10 743 15 750 15 2267 0.7 3.0 154 430
3 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-13 521 95 735 15 2469 07 29 153 373
4 CML395/CMLA44/I[[NAW 5867/P49-SR(S2#)/INAW 5867] FSt#-48-2-2-BB/CML312]-B-38 699 44 765 08 2360 09 29 143 375
5  CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-45 6.76 50 775 -03 2563 0.6 29 152 449
6  CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-58 6.78 48 744 03 2492 06 35 151 443
7 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FSt-48-2-2-BB/CML312]-B-63 714 35 755 05 2448 07 3.0 142 411
8  CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-92 6.00 78 748 13 2509 0.6 3.0 144 426
9 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-107 403 102 752 05 2296 03 33 145 276
10  CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-167 818 1 752 13 2447 07 3.0 157 415
11 CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FSi-48-2-2-BB/CML312]-B-201 716 31 746 13 2596 0.7 27 155 40.6
12 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FSt#-48-2-2-BB/CML312]-B-202 6.61 56 772 10 2548 0.6 35 153 415
13 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FSi#-48-2-2-BB/CML312]-B-224 6.81 47 748 03 2403 08 3.0 136 407
14 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-235 713 36 759 08 2592 0.6 33 154 439
15 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-249 6.60 58 774 13 2553 0.6 35 145 403
16  CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FSi-48-2-2-BB/CML312]-B-258 564 92 766 03 2471 07 32 144 397
17 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FSi#-48-2-2-BB/CML312]-B-270 644 63 765 1.8 2513 0.7 3.0 145 419
18  CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-273 577 89 772 08 2479 06 30 142 454
19  CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-279 6.17 74 749 20 2481 05 33 142 407
20  CML395/CMLA44/I[INAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-286 6.70 52 752 0.8 2421 06 27 152 40.0
21  CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-287 723 27 745 05 2484 07 3.0 143 411
22 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-292 728 23 765 1.0 2612 0.6 3.0 150 407
23 CML395/CMLA44/I[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-315 818 2 764 13 2518 0.8 28 149 426
24 CML395/CMLA44/I[INAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-320 740 17 736 13 2616 0.7 33 154 416
25  CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-321 785 5 745 13 2448 09 25 145 426
26 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-324 595 81 748 10 2510 05 32 153 36.8
27 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-325 739 18 768 0.0 2486 08 3.0 142 405
28  CML395/CMLA44/I[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-330 588 85 746 13 2438 06 27 152 423
29  CML395/CMLA44/I[INAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-359 577 90 742 28 2493 07 24 152 451
30 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-379 539 94 751 13 2511 0.6 33 137 439
31  CMLB395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-405 726 24 761 15 2467 07 3.0 153 39.6
32 CML395/CMLA44/I[INAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-409 715 33 768 14 2651 04 28 141 413
33 CML395/CMLA44/I[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-410 596 79 731 13 2486 07 30 162 424
34 CML395/CMLA44/I[INAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-419 632 70 768 13 2479 06 22 152 382
35  CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-422 588 84 755 1.0 2415 06 32 145 394
36  CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-437 655 61 751 20 2386 07 21 149 405
37  CML395/CMLA44/I[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-439 729 22 760 18 2547 09 25 144 417
38  CML395/CMLA44/I[INAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-445 629 73 750 1.0 2494 08 3.0 156 388
39  CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-482 596 80 731 1.8 2538 0.8 3.0 144 433
40  CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-501 724 25 757 11 2413 05 3.0 145 442
41  CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-540 473 100 769 0.8 2349 05 27 144 381
42 CML395/CMLA44/I[INAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-559 489 99 744 15 2454 05 38 152 409
43 CML395/CMLA44/I[INAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-560 751 12 769 13 2631 0.6 29 145 4238
44 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-603 714 34 759 03 2542 0.7 35 144 387
45  CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-658 769 8 763 03 2466 06 29 152 425
46 CML395/CMLA44/I[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-675 759 9 761 08 2569 09 25 144 433
47  CML395/CMLA44/I[[NAW 5867/P49-SR(S24#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-703 425 101 736 13 2420 04 29 150 343
48  CML395/CMLA44/I[INAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-705 6.65 54 754 0.8 2545 09 24 145 394
49  CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-728 614 76 735 1.8 2581 0.7 29 145 405
50 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-767 553 93 744 08 2437 05 3.0 153 446
51  CML395/CMLA444/I[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-8 637 66 761 18 2460 06 42 135 399



215

Entry Pedigree Grain Rank Anth ASI Plant EPP Grain MoistureKernel
Yield date height texure content weight
Mgha # d d cm  # 1to5 % g

52  CML395/CMLA44//[INAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-32 634 69 750 13 2530 05 38 155 429
53 CML395/CMLA44//[INAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-34 704 40 762 13 2237 07 37 141 455
54  CML395/CMLA44//[INAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-75 783 6 735 15 2479 07 35 140 421
55  CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-79 716 32 761 10 2441 08 33 137 394
56  CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-87 770 7 740 18 2594 07 40 144 410
57  CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-95 585 86 758 0.8 2459 06 30 144 472
58  CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-101 581 87 780 -13 2519 04 30 143 434
59  CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-108 634 68 778 03 2458 07 30 154 415
60  CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-110 719 29 775 05 2602 0.8 31 145 444
61 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-130 665 53 764 10 2537 07 28 147 436
62  CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-173 591 82 757 08 2487 07 30 147 425
63  CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-174 705 39 771 -08 2559 0.7 33 136 415
64 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-211 683 46 757 13 2545 05 30 154 428
65  CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-215 740 16 755 2.0 2612 0.6 37 144 423
66  CML395/CMLA44//[INAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-227 499 97 753 13 2526 08 27 143 395
67  CML395/CMLA44//[INAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-233 745 14 745 13 2360 06 37 155 418
68  CML395/CMLA44//[INAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-267 6.89 45 742 00 2487 06 30 142 439
69  CML395/CMLA44//[INAW 5867/P49-SR(S2#)IINAW 5867] FS#-48-2-2-BB/CML312]-B-268 700 43 752 18 2635 06 32 161 404
70 CML395/CMLA44/IINAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-269 658 59 757 08 2455 04 33 141 431
71 CML395/CMLA44/IINAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-281 735 21 752 03 2433 07 40 141 451
72 CML395/CMLA44/IIINAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-288 703 41 752 08 2439 09 34 145 427
73 CML395/CMLA44//[INAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-295 795 4 759 15 2569 08 30 153 39.2
74 CML395/CMLA44/IIINAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-308 758 11 752 18 2564 10 31 145 422
75  CML395/CMLA44//[INAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-309 674 51 775 05 2598 06 30 144 452
76 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-310 750 13 747 05 2474 07 35 153 471
77 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-326 645 62 761 08 2554 08 33 150 411
78  CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-356 707 37 764 05 2538 08 24 153 408
79 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-372 665 55 753 14 2519 06 33 136 446
80 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-376 631 72 766 08 2425 05 30 145 415
81  CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-423 518 96 752 13 2437 06 25 145 404
82  CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-427 758 10 753 05 2500 06 33 155 434
83  CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-430 660 57 748 10 2523 06 29 142 395
84 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-463 637 67 748 10 2552 08 30 1563 375
85  CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-467 802 3 759 13 2672 0.6 25 146 465
86  CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-502 589 83 751 25 2494 06 30 144 386
87  CML395/CMLA44/IINAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-536 578 88 766 04 2631 04 30 153 414
88  CML395/CMLA44/IINAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-561 631 71 764 05 2409 04 37 155 425
89 CML395/CMLA44/I[INAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-570 638 65 750 -02 2591 05 30 142 394
90  CML395/CMLA44//INAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-585 739 19 750 08 2454 06 29 143 411
91  CML395/CMLA44/IINAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-639 643 64 753 08 2430 06 25 136 412
92 CML395/CMLA44/IINAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-644 703 42 762 08 2589 07 28 151 435
93 CML395/CMLA44//[INAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-661 657 60 760 08 2541 06 30 155 400
94 CML395/CMLA44//[INAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-722 737 20 755 13 2423 08 32 158 463
95  CML395/CMLA44//[INAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-724 717 30 760 08 2689 08 27 160 456
96  CML395/CMLA44//[INAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-733 724 26 757 10 2549 08 23 145 431
97  CML395/CMLA44//[INAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-736 720 28 758 1.8 2330 06 30 153 435
98  CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-750 615 75 757 10 2487 04 32 154 446
99  CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-758 6.78 49 740 18 2586 07 28 145 422
100 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-771 706 38 748 08 2558 08 31 150 380
101 CML395/CML444//CML312 574 91 757 15 2421 07 29 153 397
102  CML395/CMLA44/[NAWS5867/P49-SR(S2#)/INAW5867]FS#-48-2-2-BBB 495 98 762 18 2276 07 33 141 342
Mean 6.63 756 10 2496 07 31 148 416
P 0.01 00 06 01 06 00 07 07
MSE 291 46 15 3113 00 03 08 186
CV % 21.14 23 1282 62 282 78 02 111

Anth date, anthesis date; ASI, anthesis-silking interval; EPP, ears per plant
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GRAIN YIELD AND ITS COMPONENTS FOR POPULATION CML312 x NAW

EVALUATED ACROSS DROUGHT ENVIRONMENTS IN MALAWI AND
ZIMBABWE IN 2004

Entry Pedigree Grain Rank Anth ASI Plant EPP Moisture Kernel
yield date height content weight
Mglha  # d d cm # % g

1 CML395/CMLA44//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-9 0.71 55 904 31 1852 02 203 394
2 CML395/CMLA444/I[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-10 0.68 61 921 35 1669 04 193 375
3 CML395/CMLA444/I[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-13 0.67 64 908 46 1896 04 187 363
4 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-38 0.79 36 901 46 1782 03 201 326
5  CML395/CMLA444/I[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/ICML312]-B-45 0.87 26 904 41 1896 04 205 418
6  CML395/CMLA444/I[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-58 1.07 8 902 39 1720 03 227 39.0
7 CML395/CMLA444/I[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-63 0.65 68 950 31 1751 04 231 398
8  CML395/CMLA444/I[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-92 0.58 80 913 82 1849 02 210 393
9 CML395/CMLA444/I[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-107 0.70 57 889 45 1779 04 171 339
10 CML395/CMLA444//[[NAW 5867/P49-SR(S24)/INAW 5867 FSt#-48-2-2-BB/CML312]-B-167 1.20 2 911 25 1906 05 213 334
11 CML395/CMLA44//[[NAW 5867/P49-SR(S24)/INAW 5867] FSt#-48-2-2-BB/CML312]-B-201 0.80 33 911 46 1763 04 204 333
12 CML395/CMLA44//[[NAW 5867/P49-SR(S24)/INAW 5867] FSt#-48-2-2-BB/CML312]-B-202 0.85 29 907 28 1710 03 205 319
13 CML395/CMLA44//[[NAW 5867/P49-SR(S24)/INAW 5867 FSt#-48-2-2-BB/CML312]-B-224 0.47 95 904 65 1871 03 212 375
14 CML395/CMLA44//[[NAW 5867/P49-SR(S24)/INAW 5867 FSt#-48-2-2-BB/CML312]-B-235 0.71 54 936 37 1752 01 231 420
15 CML395/CMLA444//[[NAW 5867/P49-SR(S24)/INAW 5867 FSt#-48-2-2-BB/CML312]-B-249 0.75 45 912 59 1729 04 183 386
16 CML395/CMLA444/I[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-258 0.89 25 887 39 1904 04 186 341
17 CML395/CMLA444/I[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-270 1.12 6 879 79 1933 05 172 324
18  CML395/CMLA444/I[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-273 0.94 21 914 29 1832 02 263 376
19  CML395/CMLA444/I[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-279 0.64 69 89.0 47 1815 04 163 305
20  CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-286 0.60 75 912 43 1750 02 156 376
21 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-287 0.58 79 907 29 1780 02 193 385
22 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-292 0.73 52 919 16 1830 03 183 299
23 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-315 0.75 43 894 58 1904 04 193 360
24 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-320 1.19 3 887 51 1782 05 164 354
25  CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-321 1.16 4 881 41 1818 05 193 403
26  CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-324 1.13 5 906 4.6 1895 03 192 36.1
27  CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-325 0.76 41 902 51 1847 03 143 363
28  CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-330 0.47 94 920 124 1826 03 199 322
29  CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-359 0.74 47 905 48 1827 03 190 347
30 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-379 0.79 3% 919 38 1833 03 206 304
31 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-405 0.53 89 911 46 1858 03 204 400
32 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-409 1.26 1 921 45 1845 04 195 324
33 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-410 0.79 34 910 30 1846 03 189 359
34 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-419 0.82 30 901 64 1822 04 240 353
35  CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-422 1.04 12 909 72 183 03 190 252
36  CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-437 0.74 48 903 69 1798 04 192 317
37 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-439 0.74 46 919 54 1823 04 213 303
38 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-445 0.52 90 934 69 1655 04 201 416
39  CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-482 0.50 93 900 34 1817 02 190 484
40  CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-501 0.73 50 908 57 1785 03 202 325
41 CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-540 0.36 100 893 52 1574 01 191 320
42 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-559 0.55 84 942 49 1723 02 220 338
43 CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-560 0.86 27 913 33 1809 03 205 326
44 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-603 0.98 16 910 41 1805 04 223 337
45  CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-658 0.66 67 923 44 1787 03 226 371
46 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-675 0.53 88 920 58 1853 03 242 306
47 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-703 0.96 18 910 89 1889 04 222 286
48  CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-705 1.07 10 914 23 1738 03 201 3138
49  CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-728 0.95 20 889 44 1911 04 192 333
50 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-767 0.46 9 928 54 1813 02 179 341
51  CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-8 0.54 86 90.0 59 1685 04 213 36.7
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Entry Pedigree Grain Rank Anth ASI Plant EPP Moisture Kernel
yield date height content weight
Mglha # d d cm # % g

52 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-32 098 15 897 58 1871 04 221 344
53 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-34 059 78 918 52 1806 02 211 364
54 CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867 FS#-48-2-2-BB/CML312]-B-75 092 22 909 08 182 03 187 327
55 CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867 FS#-48-2-2-BB/CML312]-B-79 064 70 923 53 1926 02 213 373
56  CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-87 078 40 902 7.7 1786 03 206 325
57 CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-95 034 102 928 89 1567 01 199 336
58  CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-101 059 77 928 79 1879 03 220 382
59  CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-108 057 81 907 127 1728 03 213 328
60  CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-110 066 66 905 41 1788 03 207 349
61  CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-130 075 44 932 17 1952 02 183 300
62  CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-173 070 58 916 3.6 1895 03 222 398
63  CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-174 035 101 954 6.0 1515 03 211 378
64  CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-211 09 19 898 75 1878 03 216 329
65  CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-215 085 28 917 28 1793 04 189 355
66  CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-227 081 32 945 63 1784 02 170 409
67  CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-233 068 60 900 59 1968 04 225 363
68  CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-267 090 24 908 42 1784 04 182 366
69  CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-268 056 83 915 55 1769 02 226 384
70 CML395/CML444//[INAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-269 040 97 926 61 1771 02 236 458
71 CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-281 050 91 915 50 1829 02 209 318
72 CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-288 098 17 920 47 1760 03 195 320
73 CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-295 1.08 7 919 39 1655 05 186 262
74 CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-308 075 42 939 53 1726 03 212 332
75 CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-309 090 23 899 79 1814 04 221 323
76 CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-310 063 71 925 61 1722 02 166 321
77 CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-326 071 56 891 7.6 1679 03 186 354
78 CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-356 067 63 921 55 1635 03 235 368
79 CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-372 053 87 929 80 1742 02 153 310
80  CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-376 079 38 921 39 1668 05 185 298
81  CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-423 073 51 928 57 1717 03 232 346
82 CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-427 063 72 918 70 1756 02 242 473
83 CML395/CML444//[[NAW 5867/P49-SR(S2H)/INAW 5867] FS#-48-2-2-BB/CML312]-B-430 079 37 912 69 1781 04 209 340
84 CML395/CML444//[[NAW 5867/P49-SR(S2H)/INAW 5867] FS#-48-2-2-BB/CML312]-B-463 066 65 917 55 1863 03 223 333
85  CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-467 1.07 9 925 63 1846 04 232 406
86  CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-502 082 31 913 45 1907 02 186 410
87  CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-536 063 72 929 32 1721 04 140 328
88  CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-561 057 82 916 46 1628 02 131 274
89  CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-570 070 59 891 41 1927 04 204 345
90  CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-585 072 53 913 64 1834 03 193 313
91  CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-639 067 62 909 69 1847 03 193 353
92 CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-644 074 49 915 48 1757 03 191 359
93 CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-661 078 39 905 45 1856 02 213 352
94 CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-722 103 13 904 87 1942 03 161 36.6
95  CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-724 050 92 894 52 1885 03 211 336
96  CML395/CML444//[[NAW 5867/P49-SR(S2H)/INAW 5867] FS#-48-2-2-BB/CML312]-B-733 103 14 902 52 1713 04 206 323
97 CML395/CML444//[[NAW 5867/P49-SR(S2H)/INAW 5867] FS#-48-2-2-BB/CML312]-B-736 062 74 910 51 1842 03 214 394
98  CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-750 036 99 920 43 1833 02 213 37
99  CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-758 055 85 91.8 42 1927 03 180 422
100 CML395/CML444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-771 060 76 91.8 94 1837 03 241 374
101  CML395/CML444//CML312 105 11 897 36 1896 04 202 320
102 CML395/CML444//[NAW5867/P49-SR(S24)INAWS5867]FSt-48-2-2-BBB 038 98 953 3.7 1522 02 194 376
Mean 0.74 913 41 180.0 03 203 353
P 0.99 02 00 06 07 06 0.7
MSE 0.17 106 104 4327 00 100 328
CV % 72.68 33 566 11.7 575 161 17.0

Anth date, anthesis date; ASI, anthesis-silking interval; EPP, ears per plant.
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Chitala- Malawi

Chiredzi-Zimbabwe

Grain yield Grain yield
Mg/ha Mg/ha
Entry Pedigree Drought Rank DTI (%) Drought Rank DTI (%)
1 CML312/CML442/[[CML441/CML444]-B-1 291 9 34.8 0.24 60 95.7
2 CML312/CML442//[[CML441/CML444]-B-7 2.03 60 58.4 0.18 70 96.4
3 CML312/CML442//[[CML441/CML444]-B-28 1.52 83 63.9 0.31 41 95.3
4  CML312/CML442//[[CML441/CML444]-B-31 2.46 25 54.1 0.02 98 99.7
5 CML312/CML442//[[CML441/CML444]-B-40 1.93 65 61.3 0.20 67 96.4
6 CML312/CML442//[[CML441/CML444]-B-72 2.43 27 50.2 0.11 86 98.5
7 CML312/CML442//[[CML441/CML444]-B-103 2.34 31 53.8 0.37 30 94.5
8 CML312/CML442//[[CML441/CML444]-B-121 2.08 55 58.4 0.67 9 91.4
9 CML312/CML442//[[CML441/CML444]-B-133 1.41 91 75.8 0.29 50 91.1
10 CML312/CML442//[[CML441/CML444]-B-135 1.92 66 53.7 0.11 87 97.9
11 CML312/CML442//[[CML441/CML444]-B-147 0.82 98 87.4 0.29 49 96.4
12 CML312/CML442//[[CML441/CML444]-B-148 1.83 73 62.1 0.73 5 88.4
13 CML312/CML442//[[CML441/CML444]-B-157 0.46 99 91.8 0.31 42 92.1
14 CML312/CML442//[[CML441/CML444]-B-158 1.91 68 57.1 0.45 23 89.6
15 CML312/CML442//[[CML441/CML444]-B-167 2.05 56 67.4 0.23 62 96.5
16 CML312/CML442//[[CML441/CML444]-B-177 1.21 94 75.3 0.16 78 97.8
17 CML312/CML442//[[CML441/CML444]-B-188 2.42 28 51.0 0.16 77 97.6
18 CML312/CML442//[[CML441/CML444]-B-203 2.21 40 61.4 0.00 100 100.0
19 CML312/CML442//[[CML441/CML444]-B-205 1.74 76 58.4 0.15 80 98.1
20 CML312/CML442//[[CML441/CML444]-B-234 2.23 38 51.5 0.29 52 95.9
21 CML312/CML442//[CML441/CML444]-B-238 2.63 19 45.7 0.25 56 96.7
22 CML312/CML442//[[CML441/CML444]-B-332 2.18 43 35.0 0.35 33 95.1
23 CML312/CML442//[CML441/CML444]-B-348 2.44 26 51.1 0.52 17 92.7
24 CML312/CML442//[CML441/CML444]-B-383 2.12 49 25.7 0.24 58 95.0
25 CML312/CML442/[[CML441/CML444]-B-392 1.50 84 74.1 0.44 24 92.1
26 CML312/CML442//[CML441/CML444]-B-404 2.65 18 62.3 0.17 75 96.3
27 CML312/CML442/[[CML441/CML444]-B-437 1.05 96 85.0 0.22 64 97.3
28 CML312/CML442//[CML441/CML444]-B-445 1.87 71 62.2 0.09 89 98.3
29 CML312/CML442//[[CML441/CML444]-B-453 1.72 7 62.6 1.29 1 81.5
30 CML312/CML442//[CML441/CML444]-B-465 3.26 2 26.3 0.34 36 95.3
31 CML312/CML442//[CML441/CML444]-B-473 1.86 72 63.1 0.32 40 96.2
32 CML312/CML442/[[CML441/CML444]-B-481 1.52 82 67.6 0.23 61 96.5
33 CML312/CML442//[CML441/CML444]-B-483 1.58 81 72.5 0.27 54 95.5
34 CML312/CML442//[[CML441/CML444]-B-487 2.93 7 47.9 0.31 43 94.3
35 CML312/CML442//[CML441/CML444]-B-493 3.02 4 24.1 0.49 20 92.1
36 CML312/CML442//[CML441/CML444]-B-494 2.59 20 60.2 0.06 94 99.1
37 CML312/CML442/[[CML441/CML444]-B-501 2.76 15 37.2 0.15 82 98.0
38 CML312/CML442//[CML441/CML444]-B-505 2.81 12 31.8 0.04 96 99.3
39 CML312/CML442/[[CML441/CML444]-B-514 1.45 88 71.4 0.34 38 94.9
40 CML312/CML442//[[CML441/CML444]-B-534 1.41 90 71.2 0.11 87 98.0
41  CML312/CML442//[CML441/CML444]-B-603 2.25 36 54.7 0.29 48 94.9
42 CML312/CML442//[[CML441/CML444]-B-662 2.95 6 17.8 0.78 3 87.4
43 CML312/CML442//[CML441/CML444]-B-679 2.91 8 39.6 0.35 32 94.3
44  CML312/CML442//[[CML441/CML444]-B-690 2.03 58 53.1 0.77 4 88.0
45 CML312/CML442//[[CML441/CML444]-B-749 2.19 42 42.4 0.72 6 89.6
46 CML312/CML442//[[CML441/CML444]-B-772 1.41 89 73.1 0.35 34 94.7
47  CML312/CML442//[[CML441/CML444]-B-789 2.53 23 51.9 0.02 97 99.7
48 CML312/CML442//[CML441/CML444]-B-817 2.14 47 59.1 0.36 31 93.3
49 CML312/CML442//[[CML441/CML444]-B-2 2.81 11 37.6 0.07 93 99.0
50 CML312/CML442//[[CML441/CML444]-B-12-# 1.94 64 64.4 1.12 2 85.3
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Grain yield Grain yield
Mg/ha Mg/ha
Entry Pedigree Drought Rank DTI (%) Drought Rank DTI (%)
51 CML312/CML442/[[CML441/CML444]-B-15 1.60 80 21.6 0.39 27 93.5
52 CML312/CML442/[[CML441/CML444]-B-51 1.67 78 72.7 0.18 71 97.0
53 CML312/CML442/[[CML441/CML444]-B-55 2.08 53 57.2 0.14 83 98.3
54 CML312/CML442/[[CML441/CML444]-B-89 1.82 74 66.5 0.30 44 95.2
55 CML312/CML442//[CML441/CML444]-B-106 1.91 67 63.8 0.00 99 99.9
56 CML312/CML442//[[CML441/CML444]-B-107 1.60 79 62.0 0.19 68 97.2
57 CML312/CML442//[[CML441/CML444]-B-165 1.88 70 70.4 0.59 14 91.9
58 CML312/CML442/[[CML441/CML444]-B-219 2.77 14 40.0 0.22 65 96.3
59 CML312/CML442//[CML441/CML444]-B-273 1.98 62 53.0 0.28 53 96.1
60 CML312/CML442//[[CML441/CML444]-B-277 2.24 37 554 0.56 15 90.5
61 CML312/CML442//[CML441/CML444]-B-299 2.78 13 334 0.20 66 97.5
62 CML312/CML442/[[CML441/CML444]-B-320 2.66 16 36.6 0.34 37 94.4
63 CML312/CML442/[[CML441/CML444]-B-324 2.01 61 62.8 0.05 95 99.2
64 CML312/CML442//[[CML441/CML444]-B-337 2.84 10 38.7 0.40 26 92.5
65 CML312/CML442//[CML441/CML444]-B-341 2.39 30 34.0 0.12 85 97.9
66 CML312/CML442//[CML441/CML444]-B-365 2.18 44 57.9 0.51 18 93.0
67 CML312/CML442//[CML441/CML444]-B-375 3.00 5 34.9 0.64 13 90.1
68 CML312/CML442//[CML441/CML444]-B-380 1.46 86 68.7 0.70 7 87.9
69 CML312/CML442//[CML441/CML444]-B-398 2.08 54 53.7 0.38 28 94.1
70 CML312/CML442/[[CML441/CML444]-B-412 2.19 41 55.0 0.15 81 98.1
71 CML312/CML442/[[CML441/CML444]-B-432 1.46 87 73.9 0.47 22 90.4
72 CML312/CML442//[[CML441/CML444]-B-439 1.47 85 61.8 0.26 55 96.2
73 CML312/CML442//[CML441/CML444]-B-459 3.03 3 355 0.07 91 98.8
74  CML312/CML442/[[CML441/CML444]-B-482 2.34 32 50.0 0.07 92 99.1
75 CML312/CML442/[[CML441/CML444]-B-497 1.32 92 72.4 0.19 69 97.1
76 CML312/CML442//[[CML441/CML444]-B-500 2.11 50 63.5 0.42 25 93.4
77 CML312/CML442//[CML441/CML444]-B-513 2.05 57 60.4 0.08 90 99.0
78 CML312/CML442/[[CML441/CML444]-B-521 1.89 69 59.4 0.32 39 95.2
79 CML312/CML442/[[CML441/CML444]-B-530 1.11 95 75.3 0.37 29 94.1
80 CML312/CML442//[CML441/CML444]-B-531 2.66 17 46.6 0.22 63 96.9
81 CML312/CML442//[[CML441/CML444]-B-587 0.93 97 71.6 0.17 74 97.1
82 CML312/CML442//[CML441/CML444]-B-598 2.27 34 56.8 0.30 47 95.8
83 CML312/CML442/[[CML441/CML444]-B-608 2.47 24 60.9 0.66 10 89.3
84 CML312/CML442//[CML441/CML444]-B-614 2.56 21 44.2 0.48 21 93.2
85 CML312/CML442//[[CML441/CML444]-B-615 3.58 1 17.6 0.25 57 96.6
86 CML312/CML442//[CML441/CML444]-B-637 2.11 51 55.9 0.66 11 88.2
87 CML312/CML442/[[CML441/CML444]-B-639 2.40 29 53.3 0.64 12 87.5
88 CML312/CML442//[CML441/CML444]-B-660 2.16 45 53.2 0.18 72 97.6
89 CML312/CML442//[CML441/CML444]-B-694 1.79 75 61.6 0.30 46 95.9
90 CML312/CML442//[CML441/CML444]-B-712 2.09 52 57.6 0.30 45 95.9
91 CML312/CML442/[[CML441/CML444]-B-726 2.30 33 52.9 0.68 8 88.8
92 CML312/CML442/[[CML441/CML444]-B-752 0.36 100 89.9 0.29 51 96.1
93 CML312/CML442//[[CML441/CML444]-B-755 2.14 48 46.5 0.49 19 92.7
94 CML312/CML442//[CML441/CML444]-B-766 2.15 46 49.8 0.13 84 96.0
95 CML312/CML442/[[CML441/CML444]-B-796 2.55 22 42.6 0.24 58 96.3
96 SC513 2.22 39 57.8 0.35 35 93.2
97 CML312/CML442//CML441 2.03 59 61.8 0.15 79 97.3
98 CML312/CML442//ICML444 1.96 63 62.9 0.18 73 97.4
99 CML312/CML442/[[CML441/CML444]-B-164 2.26 35 55.1 0.53 16 92.9
100 CML312/CML442//[[CML441/CML444]-B-164 1.32 93 73.6 0.16 76 97.7

DTI, drought tolerance index
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Grain yield Grain yield
Mg/ha Mg/ha
Entry Pedigree Drought Rank DTI(%) Drought Rank DTI (%)

1 CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-1 278 40 31 223 22 59.1
2 CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-8 173 92 510 126 89 702
3 CML395/CML444//[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-13 275 44 340 169 62  65.6
4 CML395/CMLA444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-15 298 24 337 1.88 49 612
5  CML395/CML444//[[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-20 250 60 278 162 64  63.0
6  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-21 307 14 19 137 83 725
7 CML395/CML444//[[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-37 236 67 333 1.49 69  66.8
8  CML395/CML444/[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-40 289 28 167 1.95 42 59.3
9 CML395/CML444//[[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-51 237 66 474 106 97 793
10  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-78 223 74 532 267 6 45.4
11 CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-87 298 23 263 054 100 89.0
12 CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-89 3.26 9 416 130 85  75.4
13 CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-118 258 55 172 237 14 456
14 CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-138 237 65 185 190 48 608
15  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-141 173 91 611 209 32 622
16 CML395/CMLA444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-144 251 58 356 203 35 616
17 CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-150 217 77 446 127 87 713
18  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-151 283 36 43 207 34 568
19  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-167 256 57 482 251 9 35.8
20  CML395/CMLA444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-183 4.27 1 16.2 1.22 93 711
21 CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-232 283 3 256 270 5 30.7
22 CML395/CMLA444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-247 3.68 4 211 1.58 67 66.9
23 CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-318 316 11 -142 179 54  64.1
24  CML395/CMLA444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-323 191 88 470 1.46 75 707
25  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-362 194 86 602 147 74 68.6
26 CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-363 168 9 458 231 17 536
27 CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-365 274 4 305 285 2 35.8
28  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-374 157 97 598 284 3 42.7
29  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-398 210 79 334 242 12 492
30 CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-410 202 26 235 216 25 383
31  CML395/CML444//[[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-414 172 9 632 1.49 70 654
32 CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-416 297 25 125 190 47 520
33 CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-432 289 27 318 140 81 770
34  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-437 3.35 8 7.2 2.37 15  56.0
35  CML395/CML444//[[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-476 202 8 600 367 1 25.1
36  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-482 3.58 5 9.6 2.46 11 484
37  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-502 274 46 191 110 96 772
38  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]F S#-20-1-1-B-1-B]-B-509 3.83 3 16 213 29 575
39  CML395/CML444//[[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-512 3.48 7 300 282 4 47.8
40  CML395/CML444/[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-531 146 99 192 203 36 488
41 CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-537 192 87 512 124 90  75.2
42 CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]F S#-20-1-1-B-1-B]-B-538 304 17 161 148 73 69.7
43 CML395/CML444//[[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-548 250 59 286 1.42 78 70.5
44 CML395/CML444/[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-559 306 16 9.7 1.61 65  68.8
45  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-578 268 50 399 167 63 585
46  CML395/CML444//[CML440/[[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-593 221 75 637 1.73 61 643
47 CML395/CML444//[[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-622 198 8 489 226 20 423
48  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-627 215 78 318 196 40 603
49  CML395/CML444//[[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-670 248 61 532 216 26 511
50 CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-675 256 56 349 1.40 82 74.4
51  CML395/CML444//[[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-16 279 39 175 1.60 66  63.3
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52  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-18 283 37 110 000 101 100.0
53  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-24 274 47T 267 174 58  61.4
54  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-30 268 51 480 1727 88 729
55  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-43 287 30 3.0 2.09 33 564
56  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-55 1.35 100 518 1.23 92 72.9
57  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-75 159 9% 387 1.11 95 795
58  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-130 200 83 442 158 68  69.0
59  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-132 2,60 54 428 2.61 7 39.9
60 CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-134 3.53 6 -402 075 99 835
61 CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-145 240 63 427 1.74 59 558
62  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-147 1.98 84 450 123 91 726
63  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-149 277 41 309 1.29 86 727
64  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-163 3.03 18 311 195 44 648
65 CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-173 284 32 181 183 51 625
66 CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-218 1.06 101 688 1.48 72 73.8
67 CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-276 4.01 2 185 260 8 33.3
68  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-292 314 12 291 238 13 56.9
69  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-303 208 80 570 234 16 48.7
70  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-330 228 72 302 209 31 615
71 CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-334 299 21 132 142 77 69.1
72 CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-337 244 62 397 213 28 548
73 CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-348 277 42 81 1.93 45 543
74 CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-366 321 10 -197 181 52 59.2
75  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-381 280 38 354 195 41 60.2
76  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-388 266 53 320 202 38 482
77 CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-393 235 68 420 145 76 73.6
78  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-400 228 71 534 141 80 711
79  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-403 228 70 151 203 37 578
80  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-413 2.84 31 237 1.74 59  56.9
81  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-421 288 29 321 1.83 50  64.6
82  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-438 3.03 19 301 0.89 98 825
83  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-440 206 81 611 2.10 30 55.9
84  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-447 1.88 89 546 248 10 56.4
85  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-451 235 69 346 2.21 23 59.9
86  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-457 273 48 417 1.76 56  62.6
87  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-474 0.92 102 813 2.28 19 504
88  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-493 3.00 20 206 2.30 18 49.6
89  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-499 221 76 4lL9 195 43 585
90  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-513 1.87 90 435 219 24 576
91  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-522 3.06 15 8.6 1.99 39 617
92  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-533 1.63 9% 390 131 84 749
93  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-535 283 3 495 176 55  67.9
94  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-536 308 13 35 174 57 65.2
95  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-543 299 22 418 192 46 625
96  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-560 153 98 645 149 71 688
97  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-572 268 52  46.8 2.24 21 511
98  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-597 283 35 6.7 1.41 79 672
99  CML395/CML444//[CML440/[COMPE2/P43-SR//COMPE2]FS#-20-1-1-B-1-B]-B-631 224 73 351 2.16 27 56.5
100 CML395/CML444//[[CML440/[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-B]-B-638 239 64 35 181 53  60.1
101 CML395/CML444//CML440 276 43 383 1.20 94 687
102 CML395/CML444//[[COMPE2/P43-SR//ICOMPE2]FS#-20-1-1-B-1-BBB 271 49 292 000 101 100.0

DTI, drought tolerance index
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Chitala-Malawi

Chiredzi-Zimbabwe

Grain yield Grain yield
(Mg/ha) (Mg/ha)

Entry Pedigree Drought Rank DTI (%) Drought Rank DTI (%)
1 CML312/CML442//[K64R/CML444]-B-3 2.64 4 51.0 0.16 58 97.2
2 CML312/CML442//[K64R/CML444]-B-7 3.26 1 23.9 0.19 53 95.8
3 CML312/CML442//[K64R/CML444]-B-23 2.04 35 57.7 0.13 65 97.9
4  CML312/CML442/[[K64R/CML444]-B-32 2.06 33 48.1 0.02 88 99.6
5 CML312/CML442//[K64R/CML444]-B-34 1.37 82 70.9 0.12 68 97.7
6 CML312/CML442//[K64R/CML444]-B-36 1.96 43 63.2 0.30 21 94.5
7 CML312/CML442//[K64R/CML444]-B-44 2.07 31 61.4 0.19 52 96.4
8 CML312/CML442//[K64R/CML444]-B-66 2.06 32 57.2 0.20 50 95.7
9 CML312/CML442//[K64R/CML444]-B-73 2.21 23 59.3 0.47 6 88.3
10 CML312/CML442//[K64R/CML444]-B-93 1.28 86 67.2 0.35 15 91.9
11 CML312/CML442//[K64R/CML444]-B-94 1.35 83 70.2 0.31 19 93.0
12 CML312/CMLA442//[K64R/CML444]-B-115 1.83 51 50.1 0.25 36 95.2
13 CML312/CML442//[K64R/CML444]-B-126 1.71 60 60.5 0.44 8 91.6
14 CML312/CMLA442//[K64R/CML444]-B-149 2.41 11 40.5 0.16 59 97.1
15 CML312/CMLA442//[K64R/CML444]-B-155 1.67 63 58.0 0.41 10 91.7
16 CML312/CMLA442//[K64R/CML444]-B-160 1.85 49 36.0 0.01 90 99.7
17 CML312/CML442//[K64R/CML444]-B-165 1.93 47 35.3 0.15 61 97.0
18 CML312/CMLA442//[K64R/CML444]-B-177 1.66 64 67.5 0.25 36 95.8
19 CML312/CML442//[K64R/CML444]-B-205 2.17 25 46.5 0.29 27 94.3
20 CML312/CML442//[[K64R/CML444]-B-226 2.01 40 52.8 0.00 93 100.0
21 CML312/CML442//[K64R/CML444]-B-249 1.80 54 60.9 0.55 3 87.2
22 CML312/CML442//[K64R/CML444]-B-251 1.74 58 62.3 0.27 32 94.3
23 CML312/CML442//[K64R/CML444]-B-274 1.43 74 74.4 0.32 17 93.4
24 CML312/CML442//[[K64R/CML444]-B-292 1.57 69 69.5 0.26 35 95.6
25 CML312/CML442//[[K64R/CML444]-B-346 2.03 38 63.0 0.30 23 93.5
26 CML312/CML442//[K64R/CML444]-B-351 2.49 7 58.0 0.20 51 95.7
27 CML312/CML442//[[K64R/CML444]-B-407 2.02 39 51.9 0.09 77 98.3
28 CML312/CML442//[K64R/CML444]-B-427 1.21 89 76.4 0.22 45 94.9
29 CML312/CML442//[[K64R/CML444]-B-439 1.68 62 71.6 0.28 31 95.6
30 CML312/CML442//[K64R/CML444]-B-456 2.49 6 53.7 0.08 79 98.8
31 CML312/CML442//[K64R/CML444]-B-470 1.93 46 51.5 0.00 93 100.0
32 CML312/CML442//[[K64R/CML444]-B-487 1.34 84 72.4 0.30 22 94.4
33 CML312/CML442//[K64R/CML444]-B-497 1.77 57 66.5 0.22 46 95.2
34 CML312/CML442//[K64R/CML444]-B-530 1.14 91 70.7 0.27 33 95.1
35 CML312/CML442//[K64R/CML444]-B-550 1.95 44 56.1 0.08 78 98.5
36 CML312/CML442//[K64R/CML444]-B-570 1.11 92 78.8 0.37 11 92.2
37 CML312/CML442//[K64R/CML444]-B-607 2.34 18 57.0 0.35 14 93.3
38 CML312/CML442//[K64R/CML444]-B-612 2.42 10 52.2 0.25 39 95.0
39 CML312/CML442//[K64R/CML444]-B-621 1.79 56 67.8 0.22 44 95.4
40 CML312/CML442//[K64R/CML444]-B-631 1.00 96 76.5 0.19 55 96.5
41 CML312/CML442//[K64R/CML444]-B-639 2.33 19 53.2 0.03 86 99.5
42 CML312/CML442//[K64R/CML444]-B-693 2.14 27 52.1 0.23 41 96.3
43 CML312/CML442//[K64R/CML444]-B-708 2.35 17 47.5 0.54 4 88.6
44 CML312/CML442//[K64R/CML444]-B-717 2.35 16 32.7 0.04 84 99.2
45 CML312/CML442//[K64R/CML444]-B-718 1.28 87 69.1 0.25 38 95.9
46 CML312/CML442//[K64R/CML444]-B-753 1.50 73 75.8 0.37 12 94.4
47 CML312/CML442//[K64R/CML444]-B-763 1.22 88 73.1 0.28 29 94.4
48 CML312/CML442//[K64R/CML444]-B-766 2.10 29 52.3 0.20 48 96.4
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Chitala-Malawi

Chiredzi-Zimbabwe

Grain yield Grain yield
(Mg/ha) (Mg/ha)

Entry Pedigree Drought Rank DTI (%) Drought Rank DTI (%)
49 CML312/CML442//[K64R/CML444]-B-33 2.22 21 53.5 0.00 93 100.0
50 CML312/CML442/[[K64R/CML444]-B-55 1.82 52 61.1 0.00 93 100.0
51 CML312/CML442//[K64R/CML444]-B-78 2.44 8 44.6 0.15 60 97.6
52 CML312/CML442//[K64R/CML444]-B-85 1.79 55 58.6 0.28 28 952
53 CML312/CML442/[[K64R/CML444]-B-92 1.63 66 72.5 0.29 25 945
54 CML312/CML442//[K64R/CML444]-B-99 2.10 30 49.0 0.14 63 972
55 CML312/CML442//[[K64R/CML444]-B-120 221 22 41.9 0.00 93 100.0
56 CML312/CML442//[K64R/CML444]-B-133 1.86 48 67.0 0.02 87 995
57 CML312/CML442//[K64R/CML444]-B-142 1.66 65 71.3 0.46 7 91.3
58 CML312/CML442/[[K64R/CML444]-B-146 1.40 77 72.5 0.12 69 977
59 CML312/CML442//[K64R/CML444]-B-167 1.40 78 64.4 0.11 71 981
60 CML312/CML442//[K64R/CML444]-B-227 2.59 5 48.3 0.42 9 90.7
61 CML312/CML442//[K64R/CML444]-B-233 1.83 50 65.3 0.34 16 93.9
62 CML312/CML442//[K64R/CML444]-B-267 2.64 3 40.7 0.04 83 99.0
63 CML312/CML442/[[K64R/CML444]-B-270 1.81 53 47.6 0.29 26 94.2
64 CML312/CML442//[K64R/CML444]-B-302 1.70 61 70.7 0.30 24 952
65 CML312/CML442//[K64R/CML444]-B-306 1.59 68 66.1 0.58 2 89.3
66 CML312/CML442//[K64R/CML444]-B-310 1.37 80 64.1 0.00 93 100.0
67 CML312/CML442//[K64R/CML444]-B-322 2.43 9 34.1 0.04 85 991
68 CML312/CML442/[[K64R/CML444]-B-343 1.42 75 68.6 0.49 5 91.0
69 CML312/CML442//[K64R/CML444]-B-355 2.14 28 45.8 0.21 47 958
70 CML312/CML442//[K64R/CML444]-B-360 2.15 26 55.9 0.28 30 9438
71 CML312/CML442//[K64R/CML444]-B-412 2.03 37 52.7 0.27 34 955
72 CML312/CML442//[K64R/CML444]-B-430 1.61 67 64.5 0.11 70 97.6
73 CML312/CML442/[[K64R/CML444]-B-458 1.11 93 75.5 0.20 49  96.0
74 CML312/CML442//[K64R/CML444]-B-465 1.55 70 72.1 0.10 76 97.7
75 CML312/CML442//[K64R/CML444]-B-495 1.50 72 68.3 0.18 56 97.3
76 CML312/CML442//[K64R/CML444]-B-511 2.40 12 314 0.05 82 991
77 CML312/CML442//[K64R/CML444]-B-520 1.10 94 67.5 0.10 75 975
78 CML312/CML442/[[K64R/CML444]-B-523 2.05 34 61.8 0.18 57 96.2
79 CML312/CML442//[K64R/CML444]-B-543 2.18 24 59.0 0.01 91 9938
80 CML312/CML442//[[K64R/CML444]-B-564 1.73 59 61.6 0.15 62 97.6
81 CML312/CML442//[K64R/CML444]-B-601 2.24 20 45.6 0.31 20 942
82 CML312/CML442//[K64R/CML444]-B-606 1.32 85 67.3 0.10 74 98.3
83 CML312/CML442/[[K64R/CML444]-B-626 1.37 81 68.7 0.01 92 997
84 CML312/CML442//[K64R/CML444]-B-637 1.52 71 69.0 0.36 13 933
85 CML312/CML442//[K64R/CML444]-B-643 1.17 90 714 0.13 64 971
86 CML312/CML442//[K64R/CML444]-B-658 2.38 13 47.4 0.23 43  96.0
87 CML312/CML442//[K64R/CML444]-B-661 1.42 76 711 0.13 67 974
88 CML312/CML442/[[K64R/CML444]-B-669 1.95 45 53.2 0.11 72 982
89 CML312/CML442//[K64R/CML444]-B-734 2.38 14 52.2 0.19 54 934
90 CML312/CML442//[K64R/CML444]-B-736 2.00 41 66.5 0.32 18 941
91 CML312/CML442//[K64R/CML444]-B-750 1.96 42 57.1 0.02 89 997
92 CML312/CML442//[K64R/CML444]-B-771 1.03 95 75.7 0.13 66  97.7
93 CML312/CML442/[[K64R/CML444]-B-773 0.62 98 87.2 0.06 81 987
94 CML312/CML442//[[K64R/CML444]-B-774 1.38 79 717 0.24 40 958
95 CML312/CML442//[K64R/CML444]-B-779 0.90 97 76.3 0.23 42 955
96 CML312/CML442//[K64R/CML444]-B-793 2.36 15 64.1 0.10 73 984
97 CML312/CML442//K64R 2.03 36 55.2 1.04 1 79.4
98 CML312/CML442//ICML444 2.72 2 44.8 0.08 80 98.7

DTI, drought tolerance index
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DROUGHT TOLERANCE INDEX FOR GRAIN YIELD FOR CML312 x NAW
GROWN IN MALAWI AND ZIMBABWE IN 2004

Chitala-Malawi

Chiredzi-Zimbabwe

Grain yield Grain yield
(Mg/ha) (Mg/ha)

Entry Pedigree Drought Rank DTI (%) Drought Rank DTI (%)
1 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-9 1.40 35 68.5 0.41 14 91.2
2 CML395/CMLA444//[[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-10 1.20 55 63.1 0.19 43 97.1
3 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-13 0.97 85 80.4 0.25 33 96.4
4 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-38 1.18 59 73.3 0.37 19 94.3
5 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-45 1.35 38 68.2 0.00 90 100.0
6 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-58 1.87 9 68.9 0.43 12 93.7
7 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-63 0.96 87 78.2 0.21 38 97.0
8 CML395/CMLA444//[[[NAW 5867/P49-SR(S2#)//INAW 5867] FS#-48-2-2-BB/CML312]-B-92 1.03 s 707 0.12 57  98.0
9 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-107 1.01 9 67.3 0.21 36 96.4
10 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-167 1.86 10 43.1 0.53 8 90.8
11 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-201 1.33 43 545 0.42 13 93.2
12 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-202 1.24 50 68.4 0.28 28 95.7
13 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-224 0.90 89 78.5 0.04 79 99.2
14 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-235 1.97 6 36.1 0.09 66 98.6
15 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-249 1.76 15 41.9 0.00 90 100.0
16 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-258 0.72 98 85.2 0.93 1 84.8
17 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-270 1.58 3 49.7 0.16 50 96.6
18 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-273 2.01 4 17.9 0.02 84 99.7
19 CML395/CMLA444//[[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-279 1.02 8 58.2 0.02 83 99.6
20  CML395/CMLA44/[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-286 111 66 757 0.32 24 947
21 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-287 1.23 53 73.9 0.19 40 96.7
22 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-292 1.02 77 63.0 0.07 72 98.4
23 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-315 1.37 36 64.9 0.04 80 99.4
24 CML395/CML444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-320 1.84 12 375 0.56 6 90.9
25  CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-321 155 29 453 0.31 26 935
26 CML395/CMLA444//[[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-324 2.17 2 23.9 0.14 53 97.8
27 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-325 1.26 48 66.7 0.07 74 99.0
28 CML395/CMLA444//[[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-330 1.18 58 77.0 0.00 90 100.0
29 CML395/CML444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-359 1.34 42 58.9 0.10 63 98.3
30  CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-379 1.42 32 65 0.15 52 972
31 CML395/CMLA444//[[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-405 1.01 8L 72.8 0.36 20 94.1
32 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-409 2.19 1 43.6 0.35 21 94.1
33 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-410 1.48 3t 525 0.00 90 100.0
34 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-419 0.87 93 71.9 0.49 10 92.0
35 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-422 2.06 3 52.9 0.00 90 100.0
36 CML395/CML444//[[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-437 1.03 76 76.5 0.78 3 89.8
37 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-439 1.27 a7 70.4 0.07 73 98.9
38 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-445 0.64 99 84.0 0.32 25 95.8
39 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-482 1.04 74 73.0 0.27 30 95.1
40 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-501 1.09 69 62.1 0.34 22 93.2
41 CML395/CML444//[[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-540 1.01 82 73.9 0.00 90 100.0
42 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-559 1.00 84 76.4 0.05 78 99.3
43 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-560 1.61 2 28.9 0.07 71 98.8
44 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-603 1.66 18 66.5 0.19 41 97.0
45 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-658 1.18 61 78.0 0.07 69 98.8
46 CML395/CMLA444//[[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-675 0.87 91 75.3 0.13 54 97.9
47 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-703 1.56 26 481 0.39 17 935
48 CML395/CMLA444//[[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-705 1.77 13 64.9 0.00 90 100.0
49 CML395/CMLA444//[[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-728 1.56 2z 69.7 0.33 23 95.2
50 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-767 0.89 90 77.6 0.17 45 97.1
51 CML395/CML444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-8 0.97 86 75.7 0.20 39 96.4
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Chitala-Malawi

Chiredzi-Zimbabwe

Grain yield Grain yield
(Mg/ha) (Mg/ha)

Entry Pedigree Drought Rank DTI (%) Drought Rank DTI (%)
52 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-32 1.89 8 -11.9 0.11 60 98.3
53 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-34 1.09 68 69.4 0.16 48 97.6
54 CML395/CMLA444//[[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-75 1.75 16 55.9 0.16 49 97.6
55  CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-79 1.13 64 437 0.00 89  100.0
56 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-87 1.42 33 60.9 0.01 88 99.8
57 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-95 0.57 101 87.1 0.08 68 98.7
58  CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-101 1.18 60 479 0.03 81 995
59 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-108 1.01 80 60.4 0.12 56 98.0
60  CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-110 1.08 T 682 0.12 58 984
61 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-130 1.17 62 71.2 0.48 11 92.8
62 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-173 1.15 63 75.9 0.11 62 98.1
63  CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-174 0.73 97 g5 0.06 77 99.0
64 CML395/CMLA444//[[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-211 1.61 22 67.3 0.22 34 96.3
65  CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-215 1.76 14 605 0.12 59 983
66 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-227 1.62 20 67.0 0.22 35 96.8
67 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-233 1.35 4 64.0 0.10 64 98.3
68 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-267 1.24 52 76.1 0.55 7 91.1
69 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-268 1.07 72 57.0 0.15 51 97.1
70 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-269 0.74 96 83.4 0.00 90 100.0
71 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-281 0.87 92 7.7 0.06 75 99.0
72 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-288 1.95 7 -52.8 0.17 47 97.4
73 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-295 1.84 i 53.3 0.00 90 100.0
74 CML395/CMLA444//[[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-308 1.30 44 74.9 0.19 41 96.5
75  CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-309 1.66 17 596 0.06 76 989
76 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-310 1.13 65 75.2 0.29 27 93.2
77 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-326 1.40 34 64.6 0.08 67 98.7
78 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-356 1.08 70 76.5 0.11 61 98.3
79 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-372 0.91 88 73.2 0.07 70 98.5
80  CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-376 0.82 9% 795 0.40 16 917
81 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-423 1.00 83 75.7 0.02 82 99.6
82 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-427 1.10 67 75.0 0.40 15 93.5
83 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-430 1.35 39 69.5 0.39 18 93.1
84 CML395/CML444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-463 1.20 56 714 0.18 44 96.8
85 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-467 1.58 2 64.4 0.71 4 87.1
86 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-502 1.51 30 61.4 0.02 85 99.6
87 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-536 1.25 49 72.3 0.17 46 97.2
88 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-561 1.55 28 38.8 0.00 90 100.0
89 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-570 1.24 50 64.1 0.27 31 96.5
90  CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-585 1.37 3T 724 0.00 90  100.0
91 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-639 1.30 45 714 0.28 29 95.6
92 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-644 1.57 % 54.2 0.02 86 99.7
93 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-661 1.19 57 67.0 0.52 9 92.1
94 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-722 1.99 5 21.3 0.13 55 98.0
95 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-724 0.77 95 58.8 0.21 37 96.4
96 CML395/CMLA444//[[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-733 1.23 54 71.8 0.88 2 82.4
97 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-736 1.27 46 71.4 0.00 90 100.0
98 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)//NAW 5867] FS#-48-2-2-BB/CML312]-B-750 0.58 100 90.3 0.09 65 98.6
99 CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-758 1.06 3 77.6 0.26 32 95.6
100  CML395/CMLA444//[[NAW 5867/P49-SR(S2#)/INAW 5867] FS#-48-2-2-BB/CML312]-B-771 1.35 0 625 0.02 87 997
101 CML395/CML444//CML312 1.63 19 66.4 0.64 5 90.7
102 CML395/CML444/[[NAWS5867/P49-SR(S2#)/INAW5867]FS#-48-2-2-BBB 0.57 102 85.8 0.00 90 100.0

DTI, drought tolerance index
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