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Abstract

Purpose: The main purpose of the study was to determine the heterotic orientation of the inbred
lines

Methods: The lines used in the study were derived from a segregating population in the F4, They
were crossed to two single cross testers CIMMYT Tester A (CML312/CML442) and Tester B
(CML395/CML444) through the Line by tester mating design. The 98 crosses developed through
line by tester cross of 49 lines in the F, and two testers Tester A and Tester B were studied for
resistance to NLB and other yield related traits including : days to anthesis, days to silking, ear
aspect, plant height, ear height, field weight and Grain moisture. The experiment was conducted
in the 2017 main growing season in three mid-altitude maize growing regions of Kenya
(Kakamega, Muranga, Embu). Data was analyzed using REML, META-R and AGD-R tools.

Results: The study found out that The heterotic orientation was determined for the lines and that
differed across the 3 sites. The 3 sites were treated as independent environments due to genotype
X environment interactions. The classification of the lines differed across the three locations
having most of the lines in Muranga falling under the heterotic groups A and B. For Embu and
Kakamega, fewer lines were classified into either heterotic group a and B having none of the
lines in heterotic group a in Kakamega.

Unique Contribution to Theory, Practice and Policy: The study recommeded that Knowledge
of heterotic groups of the lines is of importance in the introductions in order to exploit their use
in the breeding programme. The lines may hence require some further testing with alternative
testers in order to fully classify them into their various heterotic groups.
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1.0 INTRODUCTION
1.1 Heterotic Classification

Maize is grown all over the world with the United states as the maize leading producer
accounting for 40% of the entire world’s harvest (Martinez, 2011). While maize comprises a
consumption of over 60% in developing countries, it is of less importance in the developed
countries. Maize was introduced to Africa in the 16™-18" century. It has since become Africa’s
staple food. In Kenya, the counties that produce maize include: uasing Gishu, Trans Nzoia,
Nakuru, Nyeri, Embu, Kakamega, Taita taveta, Kirinyaga and Kwale. The estimate area under
maize is at 1.5million hectares. Maize production in Kenya has been on decline since 2006
having dropped from 34 million bags in 2006 to 25 million bags in 2008 from an estimated area
of 1.6 million hectares (Kamau, 2013).

The decline in production has been attributed to factors like drought, high cost of inputs, low soil
fertility, pest and diseases (Mearns, 2015). In Kenya, 80% of the land mass receive less than
250mm of rainfall in a season hence the need to breed maize varieties that can utilize the low
water levels and varieties that can tolerate diseases and pests. In a maize breeding program,
inbred lines classification into heterotic groups is the first step. This would provide the
exploitation of maximum heterosis of lines. In the availability of large numbers of inbred lines
and determined testers, performance of the lines through testcrosses would be used as a criterion
to group the lines Melchinger 1999(Mearns, 2015).

In the recent past, molecular markers have been used in classification of lines and populations
hence obtaining a clear picture on the heterotic patterns that are promising (Reif et al., 2003).
Testcrosses are used to determine the potential of inbred lines in a breeding program. Choice of
testers is hence crucial for selection of genotypes for their use in hybrid development.

Maize breeders have in the past used several techniques to study genetics of quantitative traits
amongst them grain yield. Line by tester is an efficient method and allows the inclusion of a
large number of lines hence provide combining ability estimates that are reliable. The SCA is
described as performance of the crosses as better as or poorer than what was expected as per the
average performance of the potential lines used in the cross (Sparague and tatun, 1942). SCA is
an indication that the value of superior genotypic crosses in intra group crosses is represented in
selection of inbred lines as it assists in identifying specific inbred lines for use in hybrid
development and also determine heterotic grouping for different genotypes. According to
Hallauer and Miranda (1981), lines that complement each other are obtained from heterotic
groups that differ and that exhibit high and positive SCA estimates.

The SCA estimates for grain yield according to Menkir et al., (2004) have been used in
classification of maize into different heterotic groups (Melani and Carena 2005, Fan et al., 2008).
A line, depending on its performance could also be in more than one heterotic group in a
particular combination since heterotic groups may be conceptual (Hallauer and Carena 2009).
Melchinger and Gumber (1998) recorded that heterotic groups classify entries of related or
unrelated genotypes from a similar or different population that shows combining abilities or the
heterotic response that are similar once crossed with distinct genotypes.
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Maize lines are classified into various heterotic groups through various ways. These are applied
across the globe (Fan et al., 2009). Use of SCA estimates is the traditional way used in the
availability of line-pedigree data and cross yield data to allocate inbreds to various heterotic
groups. The second way is through use of molecular markers in order to attain the genetic
similarity (GS) or distance (GD) estimates in order to classify the inbred lines to given heterotic
groups. The methods accuracy is not guaranteed. Fan et al., (2009) applied a different method
through use of heterotic groups specific and general combining ability to assign inbreds to
heterotic groups. This method was said to of efficience in comparison to SSR markers. Menkir et
al., (2004) used both yield based SCA and molecular markers to categorize the lines into various
heterotic groups.

Melchinger (1999) concluded that in the existence of a large number of germplasm and with
availability of proven testers, the line by tester should be a better criterion to classify lines into
heterotic groups. Barata and Carena (2006) recorded massive inconsistency in molecular marker
classification and field trial based in diverse inbred entries. They were for the opinion that the
groups with germplasm and heterotic properties that were similar could not be accurately
identified using molecular markers. Extensive field tests were recommended across different
environments to categorize the lines to different heterotic groups.

Hallauer et al., (2010) concluded that in testing large numbers of progeny, mating designs could
be of importance as they are used broadly across locations in a number of years to categorize
inbred lines into heterotic groups. However, stability of heterotic groups differs depending on the
situation. ldentification of heterotic groups that could be crosses of known genotypes is
important and they express higher levels of heterosis (Carena and Hallauer 2001, Troyer 2006,
Mandes et al., 2015). They are of importance in development of maize hybrids (Barata and
carena 2006, Carena & Wicks 111, 2006).

Maize breeding depends almost entirely on identifying heterotic patterns and heterotic groups for
utilization (Melani and Carena, 2005). A groups of germplasm source that can be inter-crossed
consistently to develop crosses that are better compared to when crosses are made from lines in
a similar group represents heterotic groups 1(Hallauer and Carena, 2009)

Maize breeding in Kenya depends on four heterotic groups developed from collections from
growers and introduction. The variations of the collections could be high due to interchange of
germplasm across the borders. Existence of the groups indicates that there is heterosis within the
groups from farmers and heritability of this and the heterotic patterns is not established. In any
breeding programme, population improvement through selection is influenced mostly by
heterotic groups. Understanding of heterotic patterns is hence crucial in exploitation of heterosis
(Preciado-Ortiz and Johnson 2004).

Knowledge on heterotic groups of various collection or introductions is hence crucial in breeding
to allow exploitation of heterosis in any breeding programme. This results in good heterotic
pattern combinations to obtain disease resistant, early or late maturing and high yielder hybrids.
Information on heterotic groups is of importance in developing high performing hybrid crosses
and improving populations obtained from collections and introductions. Heterosis is attained
when the progeny of crosses from inbreds perform above the average of the parents. Heterotic
manifestation is dependent on genetic divergence of two parental varieties. Genotypes can be
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classified into heterotic groups which is dependent on the similarity in CA and the heterosis once
crossed with genotypes from different genetic groups (Melchinger & guber,1998).

Different patterns have been in use in different countries for hybrid development which depends
on their adapdability. For USA and Europe, Reid x Lancaster pattern is common and is exploited
(Orda’s 1991). Major pattern used in China is domestic x LSC in the North maize area while
summer region exploit domestic x PN (Li et al., 2004). Japan uses the US dent X
Northern/European flint (Enoki et al,. 2002). In East Africa, the pattern used is KSII x EC573 for
highlands in Kenya. Pool A and Pool B have been developed for the medium altitude areas of
Kenya.

Breeders are therefore able to group genotypes into heterotic patterns in order to develop high
performing hybrids by use of the knowledge on heterosis (Reif et al., 2005).

2.0 METHODOLOGY

The lines used in the study were derived from a segregating population in the F4 They were
crossed to two single cross testers CIMMYT Tester A (CML312/CML442) and Tester B
(CML395/CML444) through the Line by tester mating design. The 98 crosses developed through
line by tester cross of 49 lines in the F4 and two testers Tester A and Tester B were studied for
resistance to NLB and other yield related traits including : days to anthesis, days to silking, ear
aspect, plant height, ear height, field weight and Grain moisture. The experiment was conducted
in the 2017 main growing season in three mid-altitude maize growing regions of Kenya
(Kakamega, Muranga, Embu). Data was analyzed using REML, META-R and AGD-R tools.

3.0 RESULTS

3.1 Specific Combining Ability for yield and heterotic orientation of the lines for individual
sites
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Table 1: Specific Combining Ability for yield and heterotic orientation of the lines for
individual sites

Muranga Embu Kakamega

Line Heterotic CML395/ CML312/ Heterotic CML395/ CML312/ Heterotic CML395/ CML312/
Group CML444 CML442  Group CML444 CML442 Group CML444 CML442

1 A 1.347 0.89 A -0.05 -0.04” -0.14 0.21
12 -0.21 -0.79 B 0.02 0.177 B -0.06 0.24"
17 A 0.48 -1.827 B 0.01” 0.02 -0.14 0.15
18 A -0.84 -1.877 -0.11 0.21 -0.26 0.09
19 A 1.307 -1.147 0.05 -0.18 0.03 0.11
2 B -0.68 0.977 0.09 0.16 -0.29 0.08
26 A 0.49 2217 A 0.14 -0.22" -0.10 -0.26
29 B 0.11 1517 0.34 0.10 B -0.07" 0.01
31 B -0.13 1.417 0.17 0.01 0.05 -0.09
33 B -0.14 1.417 0.21 0.02 -0.06 0.14
34 B 0.02 1.16™ 0.18 -0.05 0.19 -0.12
35 B -0.23 1.377 0.08 -0.13 0.15 -0.02
4 A -0.28 -1.04™ -0.18 -0.19 -0.11 -0.17
41 B 0.15 1.167 0.03 0.06 0.07 0.02
43 B -0.24 0.72" 0.21 0.04 0.33 -0.08
45 B -0.35 2.147 -0.12 0.24 0.10 -0.04
47 A 0.44 -2.54" A 0.30 -0.15™ 0.48 -0.18
51 A 0.63 -2.617 0.02 -0.01 -0.06 -0.25
61 B 0.77 1.157 -0.09 -0.30 0.35 -0.19
63 A 0.22 -3.447 A 0.05™ -0.25" 0.27 -0.21
67 A -0.86 -4.14™ -0.30 -0.05 -0.14 -0.24
73 B 0.69 2.08” -0.30 0.03 -0.29 -0.03
75 A 1.187 0.12 -0.37 0.23 -0.32 0.15
78 B -0.07 1.557 -0.12 0.07 -0.38 0.27
79 B -0.39 2.047 0.14 0.05 -0.05 0.03
81 A 0.20 -1.257 0.10 0.25 0.27 0.01
9 A -0.20 1.837 B -0.197 0.05 B 0.09 0.04”

CML395/CML444=Tester B, CML312/CML412=Tester A, =Significant, #:highly significant
3.1.2 Discussion

Classification of the lines into heterotic group A (CML312/CML442) and B (CML395/CML444)
were dependent on the SCA effects for grain weight such that lines exhibiting positive and
significant SCA with (CML312/CML442) tester A were oriented into the opposite heterotic
group which is B and lines exhibiting positive and significant SCA with (CML395/CML444)
tester B were oriented into the opposite heterotic group which is A.
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Lines exhibiting positive and significant SCA to the two testers were oriented to group AB.
Lines exhibiting negative and significant SCA with tester A were oriented into heterotic group A
while lines exhibiting negative and significant SCA with tester B were oriented into heterotic
group B. Results for the SCA effects of top testcrosses and their corresponding testers for NLB
resistance and other yield related traits were presented for all the three sites (Kakamega,
Muranga and Embu).

Muranga

At Muranga, 3 lines (line 1, 19 and 75) expressed positive and significant SCA effects with
CML395/CML444 hence were oriented into group A. A total of 14 lines (Line 2,
29,31,33,34,35,41,43,45,61,73,78,9,790 lines expressed positive and significant SCA effects
with CML312/CML442 hence were oriented into group B. 11 lines exhibited negative and
significant SCA with CML312/CML442 hence were oriented into group A.

A total of 13 lines were oriented to heterotic group A while 13 lines were oriented to heterotic
group B. A total of 26 lines were classified under group A and B but the rest of the lines could
not be classified with the two testers.

Embu

In Embu, 2 lines exhibited positive and significant SCA for yield with CML395/CML444 and
were oriented into group A. 1 line exhibited positive and significant SCA with
CML312/CML442 and were oriented into group B. 1 line had negative and significant SCA
effects with CML312/CML442 and were oriented into group A.

A total of 4 lines were oriented to heterotic group A while 3 lines were oriented to heterotic
group B. A total of 7 lines were classified under group A and B in Embu but the rest of the lines
could not be classified with the two testers.

Kakamega

In Kakamega, 1 line exhibited negative and significant SCA effects with CML395/CML444 and
was classified into group B. 2 lines exhibited positive and significant SCA with
CML312/CML442 and was classified into group B.

A total of 3 lines were classified into heterotic group B in Kakamega. The rest of the lines could
not be classified by the two testers.

4.0 CONCLUSIONS AND RECOMMENDATIONS
4.1 Conclusion

The classification of the lines differed across the three locations having most of the lines in
Muranga falling under the heterotic groups A and B. For Embu and Kakamega, fewer lines were
classified into either heterotic group a and B having none of the lines in heterotic group a in
Kakamega. Lines classified into heterotic group A could be crossed with germplasm in heterotic
group B in order to exploit higher levels of heterosis. Lines classified into heterotic group B
could also be crossed with germplasm from heterotic A in order to exploit maximum levels of
heterosis. Hallauer and carena (2009) reported that heterotic groups represent a group of
genotypes that when crossed consistently give better crosses than when crosses are made within
the same group.
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According to Menkir et al., (2004), SCA estimates for grain yield have been used widely to
classify maize lines into heterotic groups. Some of the lines were classified under different
heterotic groups across the environments. Line 17 was classified into heterotic group A in
Muranga and into heterotic group B in Embu. Line 9 was classified into heterotic group B in
both Embu and Kakamega and into heterotic group A in Muranga. Hallauer and Carena (2009)
reported that a line could be in more than one heterotic groups and this would depend on the
performance in the particular combination as heterotic groups could be conceptual.

4.2 Recommendations

Knowledge of heterotic groups of the lines is of importance in the introductions in order to
exploit their use in the breeding programme. The lines may hence require some further testing
with alternative testers in order to fully classify them into their various heterotic groups.
Significant interactions between the lines and the testers is evidence that the rank of the lines
differs depending on testers used, a suitable tester may then be selected to classify new
germplasm.
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