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Maize plays a great role for human food in Ethiopia. Even if it is cultivated for food, most improved
varieties released were normal maize which are devoid of lysine and tryptophan. Combining ability
analysis is one of the commanding means in identifying the best combiners that may be used in
crosses either to exploit heterosis or to accrue productive genes. The objectives of this study were to
examine combining ability of quality protein maize inbred lines, estimate the extent of heterosis and
determine the nature of gene action. Six inbred lines were crossed with two testers (CML144 and
CML159) to produce 12 F; hybrids. Twelve F; hybrids and two standard checks viz., BHQP542 and a
normal maize hybrid, Jibat, were evaluated in a randomized complete block design with two replications
in 2010/2011 at Ambo Agricultural Research Centre. Genetic differences were observed from mean
squares of treatments for all traits except days to maturity, ear diameter, number of kernel rows per
cob, protein content (%) and oil content (%). LN1 was good general combiner for grain yield. Hybrid
HN7 (89.56%) and HN8 (85.63%) revealed significant positive standard heterosis and superior in mean
performance for grain yield compared to check BHQP54. Therefore; even though it is a one year trial
HN7 and HN8 could be exploited for commercial use.
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INTRODUCTION

Maize is physiologically more efficient cereal crop with
high grain yield and wide adaptation (Shaw, 1988). In
Ethiopia, maize grows from moisture stress areas to high
rainfall areas and from lowlands to the highlands (Kebede
et al., 1993). It is one of the important cereal crop grown
for food in the country, and is the first in total production
(6 million tonnes), and yield per unit area (2.9 tonnes per
hectare) and second in area coverage among all the
cereal crops in 2011/12 cropping season (CSA, 2011/12).

Maize is a major cereal for human nutrition in Ethiopia.
About 40 improved maize varieties were released in the
country since 1952 (EIAR, 2011). Of them only four
varieties are quality protein maize (AMH760Q,
BHQPY545 (Kello-1), Melkasa6Q and BHQP542). The
remaining 36 varieties are normal maize varieties which

are deficient in essential amino acid such as lysine and
tryptophan. Lysine is the first limiting amino acid followed
by tryptophan and threonine in the diets of non-ruminants
and humans (Shimada and Cline, 1974). Lysine could
also be limiting in poultry diet if protein sources (maize)
other than soybean meal are used (Johnson et al., 2001).
Substituting normal maize with high lysine maize on an
equal weight basis can maintain proper amino acid
balance (Wilson, 1991).

High proportion of zein (seed storage protein of maize)
fraction which is completely devoid of lysine and
tryptophan is the primary cause of poor protein quality in
maize. A reduction in the zein fraction thus results in a
proportional elevation of other fractions rich in lysine and
an elevation of these two amino acids in protein,
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(Vassal, 2000). Therefore, for populations that depend
heavily on maize as food source, maize cultivars with an
improved amino acid profile must be developed. The
discovery of mutant alleles, opaque-2 (02) (Mertz et al.,
1964) by Purdue University researchers were found to
alter the amino acid profile and composition of maize
endosperm protein and result in twofold increase in the
levels of lysine and tryptophan compared to what is en-
countered in normal maize genotypes. Yet, it expresses
negative pleiotropic effects on the grain quality such as
lower density, susceptibility to pests and diseases and a
floury appearance (Vassal, 2001). The International
Maize and Wheat Research Center (CIMMYT) has
developed quality protein maize (QPM) that improves
kernel quality characteristics over 0202 soft genotypes,
by introducing modifier genes and selecting for a hard,
vitreous endosperm in 0202 germplasm (Vassal, 2001).

Heterosis may be defined as the superiority of an F;
hybrid over both of its parents in terms of yield and other
characteristics (Bhat and Singh, 2005). Krivanek et al.
(2007) declared that heterosis and combining ability is
prerequisite for developing a good economically viable
hybrid maize variety. Information on heterosis and
combining ability among maize germplasm is essential in
maximizing the effectiveness of hybrid development.
Combining ability analysis is one of the powerful tools in
identifying the best combiners that may be used in
crosses either to exploit heterosis or to accumulate
productive genes. The objectives of this investigation
were to estimate General combining ability (GCA) for
parents and Specific combining ability (SCA) effects for
single cross hybrids and to identify superior quality
protein maize hybrids with good yield potential.

MATERIALS AND METHODS

The experiment was conducted at Ambo Agricultural Research
Centers in 2011 cropping season. The experimental area at Ambo
lies between 8°57’ N latitude and 38°07' E longitude at an altitude of
2185 masl (EIAR, 2011). The soil of the centre is Vertisols
consisting of 67% clay, 18% silt, 15% sand and 1.5% organic
matter. The long term total annual rainfall is 1100 mm, with mean
minimum and maximum temperatures of 11 and 26°C, respectively.
A total of 12 experimental hybrids and two standard check varieties
were used in this study. These experimental materials were
obtained from Ambo high land maize breeding program, Ambo
Plant Protection Research Center. The 12 experimental hybrids
were generated by line x tester mating design between six QPM
inbred lines and two testers. The parental inbred lines were
developed by Ambo maize program through selfing from a QPM
synthetic variety originally developed from highland inbred lines
converted to QPM. QPM synthetic variety was developed by
crossing highland inbred lines to QPM donor lines developed
CIMMYT by diallel mating system. The lines (AMB06BSYN8Q6-2-4-
1-2, AMBO06BSYN8Q11-6-7-1-2, AMBO6BSYN8 Q15-4-3-1-1,
AMBO6BSYN8Q 15-10-3-1-2, AMBO6BSYN8Q18-7-3-1-2 and
AMBO6BSYN8Q19-12-1-2-2) were S4 generation stage and test
crossed with QPM tester lines, CML144 and CML159. The resulting
twelve crosses (AMB0O6BSYN8Q6-2-4-1-2/CML144,
AMB0O6BSYN8Q11-6-7-1-2/CML144, AMBO6BSYN8 Q15-4-3-1-

1/CML144, AMBO06BSYN8Q 15-10-3-1-2/CML144,
AMB0O6BSYN8Q18-7-3-1-2/C ML144, AMBO6BSYN8Q19-12-1-2-

2/CML144, AMBO6BSYN8Q6-2-4-1-2/CML159, AMBO
6BSYN8Q11-6-7-1-2/CML159, AMBO06B SYN8Q15-4-3-
11/CML159, AMBO6BSY N8Q15 -10-3-1-2/CML159,

AMBO0O6BSYN8Q18-7-3-1-2/CML159, AMBO6BSYN8Q19-12-1-2-
2/CML159) and two standard checks viz., BHQP542 and a normal
maize hybrid, Jibat (AMH851) were evaluated in a randomized
complete block design with two replications in 2011 at Ambo. Each
genotype was placed on one row plot of 5.1 m long with 30 cm intra
row and 75 cm inter row spacing. The standard agronomic practices
were adopted in order to ensure good crop stand. The
recommended fertilizers rate 100 kg/ha DAP and 75 kg/ha UREA
were applied. All of P,Os and one -third of Nitrogen were applied at
the time of planting. The remaining Nitrogen was divided in to two
equal parts and applied 45 days after planting and at flag leaf
stage.

Observations were recorded on days to 50% tasseling, days to
50% of silking, date of maturity, plant height, ear height, number of
ears per plant, ear length, ear diameter, number of kernel rows per
cob, number of kernels per row, 100-Grain weight, grain yield per
plant, grain yield per hectare, protein (%), carbohydrate (%) and oil
content (%). Observations for days to 50% tasselling and silking
and grain yield were recorded on whole plot basis whereas for
remaining characters data were taken on ten randomly selected
competitive plants/ears from a plot and average values for each
character were taken as the mean of the treatment. And the
treatment mean was used for statistical analysis. Protein content
(%), carbohydrate content (%) and oil content (%) were determined
at Amhara Regional Agricultural Research institute (ARARI). The
observations were recorded in the following manner.

Days to 50% tasseling

The number of days taking from emergence to the day on which
50% of plants in a treatment showing full tassel emergence were
recorded as days to 50% tasseling.

Days to 50% silking

The number of days taking from the date of sowing to the day on
which 50% of the plants in a treatment showing complete silk
emergence were recorded as days to 50% of silking.

Date of maturity

The date when 50% of the plants whose husks are turned in to
brown colour, was recorded as date of maturity.

Plant height (cm)

Plant height was expressed in centimeter by measuring the plant
stalk from the ground level to the base of the last leaf sheath of the
matured plant.

Ear height (cm)

Ear height was measured and recorded in centimeter as the length
of plant from the ground level to the upper most ear bearing node.
Number of ears

The total number of ears per plant were counted and recorded.



Ear length (cm)

Length of the ear was measured and recorded in centimeter from
the base to the tip of the ear at the time of harvest.

Ear diameter (cm)

Ear diameter was measured and recorded in centimeter as the
thickness of the ear at the middle of the ear.

Number of kernel rows per cob

The number of kernel rows per cob were counted and recorded.

Number of kernels per row

Number of kernels in each kernel row was counted and average
was recorded as number of kernels per row.

100-Grain weight (g)

Weight of 100 grains from a random sun dried sample from each
plot was recorded in grams.

Grain yield per plant (g)

At the time of harvesting, fresh ear weight was recorded in kilo
grams per plot. Grain yield per plot was calculated by using the
formula given following. Grain yield per plant was calculated by
dividing yield per plot to number of plants at the time of harvest.

frash @ar weight x 100-AVM
final stand harvast

Yield per plot (kg/plot) = XK

arergge stard per plot of the trialx plotorea x 0.9412

Where, K= and AVM =

100 x plst area

Average moisture.

Grain yield per hectare (ha)

At the time of harvesting, the cobs were recorded in each plot in
kilograms. Grain yield per plot was converted in to yield per hectare
and expressed in quintals per hectare by using the following
formula.

fresh aar weight x 100-aVM
final stand harvast

Yield (Q/ha) = XK

avarage stand of the trial x area (ha) x 0.9413
Where, K= ,

1040 x plataraa

and AVM =

Average moisture

Determination of protein, carbohydrate and oil content

Three samples of maize kernels (25 g of each) were taken from
each treatment. The protein, carbohydrate and oil content (%) of
each sample was determined at ARARI quality laboratory using
grain analyzer (near infrared spectrophotometer (NIRS)). The
average of the three samples was used for statistical analysis.

The data were subjected to ANOVA using the SAS version 9.
The magnitude of heterosis was estimated in relation to commercial
check hybrid. It was calculated as percentage increase or decrease
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of the first filial generations (F1s) over the standard check (standard
heterosis SC) using the methods of Turner (1953) and Hayes et al.
(1955). The mean performance of the two checks in a given
character was considered to work out the standard heterosis.

F1-5C
SC

Heterosis over standard check (SC) = x100

Where, F1 = mean performance of F1; SC = mean performance of
the commercial checks. The combining ability variance analysis
was based on the method developed by Kempthorne (1957).

RESULTS

Significant genetic differences (p < 0.05) were observed
from mean squares of treatments for all traits except days
to maturity, ear diameter, number of kernel rows per cob,
protein content (%) and oil content (%) (Table 1)
indicating the possibility carrying out genetic analysis.
The analysis of variance for hybrids were highly
significant for traits viz., plant height, ear height, days to
50% silking, days to 50% tasseling, ear length, number of
kernels per row, 100-grain weight, grain yield per plant
and grain yield per hectare, and significant for days to
maturity, ear diameter, number of ears per plot and
starch content (%) but exhibited non-significance for the
remaining characters under study (Table 3).

Mean performances of hybrids

The mean performances of all 14 treatments (12 hybrids
and the two checks) are shown in Table 2. The mean
value of ear height for hybrids varied from 68 to 118.5cm.
Five hybrids (HN1, HN2, HN6, HN7 and HNB8) revealed
higher ear height over the check BHQP542.For days to
50% silking and tasseling, all hybrids were late as
compared to check Jibat and ten hybrids for days to 50%
silking and eleven hybrid for days to 50% tasseling were
early as compared to check BHQP542 with a range of
97.5 to 107.5 days for days to 50% silking and 96.5 to
109.5 days for days to 50%_tasseling. One hybrid (HN8)
exhibited higher ear length than check BHQP542 with a
range of 9.39 to 16.4 cm. Four hybrids (HN1, HN9, HN11
and HN12) revealed higher 100-grain weight than the
check BHQP542.Two hybrids (HN7 and HN8) disclosed
significantly higher vyield in quintal per hectare than
BHQP542. The magnitude of grain yield per plant varied
from 55.17 g (HN3) to 217.99 g (HN1) and only hybrid
(HN1) had expressed significantly higher grain yield per
plant over BHQP542.

Combining ability

The variation due to hybrids was further partitioned into
lines, testers and line x tester interaction. The variance
due to lines was statistically significant (p < 0.05) for all
traits except for grain yield per plant, 100-grain weight,
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Table 1. Analysis of variance of 14 treatments for 16 traits.

Source variation Df PH EH DSS DST DSM EL ED NKR NK NCP GW GYH GYP PC SC 0ocC
Replication 1 305.0 0.32 1.75 1.75 1.3 4.9 0.01 2.90 3.57 116.00 3.05 178.5 681.6 054 0.1 0.06
Genotypes 13 8219.7** 801.90** 43.86** 41.29* 207 8.7 0.08 1.34  476.00* 64.90* 82.20**  1063.3** 4661.7* 154  1.05* 0.20
Error 13 1680.0 124.50 6.05 5.59 10.4 1.1 0.05 0.79 1.96 16.88 16.80 189.8 720.9 060 028  0.11
R 0.83 0.86 0.87 0.88 067  0.89 0.61 0.61 0.96 0.81 0.83 0.85 0.86 072 078  0.65
CV (%) 14.10 11.40 245 2.38 180  7.40 5.30 7.60 443 21.90 14.10 24.45 17.44 770 077 650
F 4.89 6.44 7.24 7.38 199 6.93 1.61 1.39 22.88 3.84 4.89 5.60 6.47 256  3.65 1.85

* ** Significant at 0.05 and 0.01 levels of probability, respectively. PH, plant height (cm), EH, ear height(cm); DSS, days to 50% silking; DSM, days to maturity; DST, days to tasseling; EL, ear
length (cm); ED, ear diameter (cm); NKR, number of kernel rows per cob; NK, number of kernels per row; NCP, number of cobs per plot; GYH,grain yield per hectare; GYP, grain yield per plant;
GW, 100 grain weight (g); PC, protein content (%); SC, starch content (%); OC, oil content (%) for all tables..

Table 2. Mean performance of 14 treatments (12 hybrids and 2 check hybrids) for twelve traits at Ambo.

Hybrid no. PH EH DSS DST NCP GW EL NK GYH GYP SC

HN1 222.5 114.5 98.0 98.0 21.0 33.4 14.10 315 70.90 217.99 68.35
HN2 234.5 113.5 100.0 98.0 26.5 25.7 15.20 32.0 54.31 131.98 69.25
HN3 143.0 68.0 110.5 109.5 11.0 25.9 9.39 32.0 15.15 55.17 69.10
HN4 212.5 97.0 97.5 97.5 10.0 29.4 14.20 35.5 36.48 154.87 68.10
HN5 220.5 102.0 102.5 102.0 20.5 28.2 13.85 315 59.45 188.14 68.15
HNG 217.5 113.0 98.5 97.5 24.5 21.7 14.65 32.0 69.42 156.19 69.90
HN7 234.0 118.5 97.5 97.0 22.5 30.5 15.35 315 80.91 182.10 68.70
HN8 238.0 118.5 98.5 97.0 21.0 317 16.40 35.5 79.23 178.28 70.05
HN9 209.5 91.0 98.0 96.5 13.5 40.9 15.20 35.0 48.99 155.24 69.90
HN10 126.0 49.0 107.5 106.5 10.0 30.8 9.90 31.0 14.66 56.01 69.00
HN11 203.5 103.5 100.5 99.5 18.0 33.9 15.20 315 59.79 176.55 68.45
HN12 214.5 104.5 100.0 99.0 19.5 34.6 14.90 30.5 60.31 156.76 70.05
HN13 181.0 98.5 90.5 90.5 27.5 34.4 16.30 37.5 92.26 207.58 69.05
HN14 203.0 84.0 101.0 100.5 15.0 235 13.30 34.5 42.68 136.13 69.95
LSD (0.05) 88.5 24.1 5.3 51 8.87 8.85 2.26 3.0 29.75 57.99 1.14
LSD (0.01) 123.6 33.6 7.4 7.1 12.37 12.3 3.15 4.2 41.49 80.87 1.59

HN1, AMBO06BSYN8Q6-2-4-1-2/CML144; HN2, AMBO6BSYN8Q11-6-7-1-2/CML144; HN3, AMBO6BSYN8Q15-4-3-1-1/CML144; HN4, AMBO6BSYN8Q15-10-3-1-2/CML144;
HN5,AMB06BSYN8Q18-7-3-1-2/CML144;  HN6,AMBO6BSYN8Q19-12-1-2-2/CML144; HN7, AMB06 BSYN8Q6-2-4-1-2/CML159; HN8,AMB0O6BSYN8Q11-6-7-1-2/CML159;
HN9,AMB06BSYN8Q15-4-3-1-1/CML159; HN10, AMBO6BSYN8Q15-10-3-1-2/CML159; HN11, AMB06BSYN8Q18-7-3-1-2/ CML159 ; HN12, AMB06BSYN8Q19-12-1-2-2/CML159;
HN13, Jibat check and HN14, BHQP542 check, for all tables.

number of kernel rows per ear and protein content significant (p < 0.05) for days to maturity, ear cob, 100-grain weight and protein content (%).
(%). Variance due to testers was statistically length, ear diameter, number of kernel rows per Variance due to line x tester interaction was
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Table 3. Line x tester analysis of 12 hybrids for sixteen traits.
Source of variation Df PH EH DSS DST DSM EL ED GYP NKR NK NCP GW GYH PC SC
Hybrids (H) 1" 2497 4** 907.2** 348  33.70* 22.98* 9.3+ 0.09* 4908.80** 1.40 43,75 65.1* 79.2%* 977.30* 1.59 1.15*
Lines (L) 5 3024.9* 1407.7** 23.5% 22.28** 33.26* 9.1** 0.11* 612.90 1.00 17.96%* 129.3* 16.7 1664.70* 0.74 2.14%
Testers (T) 1 104.2 88.2 4.2 7.04 66.70* 5.2%* 0.32** 1.13 8.20* 1.50 13.5 242.5%* 243.50 8.52** 1.50
LxT 5 2448.5 572.1* 52.2* 52.80** 3.96 10.4** 0.03 2119.20 0.91 78.00** 1.3 109.2** 436.60 1.05 0.10
Error 1 144.2 143.2 6.5 1.83 7.85 1.3 0.03 845.40 1.12 2.31 19.5 15.2 205.00 0.66 0.31
* ** Significant at 0.05 and 0.01 levels of probability, respectively.
Table 4. Estimates of the variance due to GCA, SCA, dominance variance and additive variance for 16 traits.
Genetic parameter PH EH DSS DST DSM EL ED NKR NK NCP GW GYH GYP PC SC OoC
c 2GcA 79.30 37.10 0.63 0.62 1.21 0.05 0.01 0.07 0.47 3.43 1.69 44.6 15.97 0.06 0.06 0.01
c 2scA 1152.10 214.40 22.80 25.50 -1.93 4.50 -0.001 -0.11 37.84 -4.10 47.00 115.7 636.90 0.19 -0.11 -0.02
6 2ceal 6 %sca 0.07 0.17 0.03 0.02 0.62 0.01 9.00 -0.66 0.01 -0.80 0.04 0.4 0.03 0.32 -0.60 -0.50
RN 317.20 148.50 2.50 2.48 4.84 0.18 0.02 0.28 1.88 13.70 6.76 178.5 63.90 0.25 0.25 0.04
c’p 1152.10 214.40 22.80 25.50 -1.93 4.50 -0.001 -0.11 37.84 -4.10 47.00 115.7 636.90 0.19 -0.11 -0.02
62 0% 0.28 0.69 0.11 0.09 -2.50 0.04 36.00 2.60 0.05 -3.35 0.14 1.5 0.10 1.30 -2.40 2.00

significant for ear height, days to 50% silking,
days to 50% tasseling, ear length, number of
kernels per row and 100-grain weight. Specific
combining ability variance was important than
general combining ability variance for all traits
indicating preponderance of dominance variance
in controlling these characters. The SCA variance
to GCA variance ratio was lower than unity, which
again confirms the predominance of non -additive
gene action for the inheritance of these characters
(Table 4).

General combining ability (GCA) effect

Estimation of GCA effect revealed that no parent
was observed to be good general combiner for
most traits (Table 5). However, the GCA effect for

days to 50% tasseling and days to 50% silking
recorded in the parental line LN1 and LN2 was
significant and in the negative direction indicating
the earliness of the parental lines. Similarly, LN1
was good general combiner for plant height, ear
height and grain yield in quintal per hectare. LN2
had also expressed highest significant GCA
effects for plant height, ear height, ear length and
number of cobs per plot in positive direction. LN6
was good general combiner for starch content
(%). Tester CML159 revealed significant GCA
effects for 100-grain weight.

Specific combining ability (SCA) effect

A critical evaluation of the results with respect to
SCA effects showed that none of the hybrid

revealed desirable significant SCA effects for
most characters (Table 6). But hybrid HN4
divulged significant SCA effect for plant height,
ear height and ear length and HN9 also showed
significant SCA effect for plant height and ear
length. Hybrid HN4 and HN9 also exhibited
negative significant SCA effects for days to 50%
silking and tasseling. HN3 and HN10 had
expressed negative significant SCA effects for
plant height and ear height and positive significant
SCA effects for days to 50% silking and tasseling.

Magnitude of heterosis over the two checks

The results of standard heterosis for different
characters that had significant mean square are
presented in Table 7. The percent of heterosis
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Table 5. General combining ability (GCA) effects of parents in respect of eleven characters.

Line no. PH EH DSS DST EL NKR NCP GW GYH GYP SC
LN1 21.90** 17.08* -3.00* -2.40** 0.70 -0.96 3.60 1.40 21.80* 49.10* -0.56
LN2 29.90** 16.60* -1.50 -2.10** 1.80** 1.29 5.60* -1.90 12.60 4.20 0.57
LN3 -30.10** -19.90** 3.50* 3.10** -1.70 1.04 -5.90* 2.80 -22.10* -45.70 0.42
LN4 -37.10** -26.40** 1.75 2.10* -1.90** 0.79 -8.20** -0.50 -28.60* -45.50 -0.53
LN5 5.70 3.30 0.75 0.90 0.50 -0.96 1.10 0.50 5.50 32.40 -0.78*
LN6 9.70 9.30 -1.50 -1.60 0.70 -1.21 3.80 -2.40 10.70 5.50 0.89*
SEmz+ 6.00 5.90 1.27 0.67 0.57 0.75 2.20 1.90 7.16 14.50 0.27
LSD (0.05) 13.20 12.98 2.79 1.47 1.25 1.65 4.80 4.18 15.60 31.90 0.59
LSD (0.01) 18.60 18.30 3.90 2.08 1.77 2.33 6.80 5.90 22.20 45.04 0.83
Testers

CML144 -2.08 1.90 0.42 0.54 -0.50 -0.04 0.80 -3.20* -3.20 -0.22 -0.28
CML159 2.08 -1.90 -0.42 -0.54 0.50 0.04 -0.80 3.20* 3.20 0.22 0.28
SEmz+ 3.50 3.50 0.70 0.39 0.32 0.40 1.27 1.10 4.13 8.39 0.16
LSD (0.05) 7.70 7.70 1.54 0.85 0.70 0.88 2.79 2.42 9.09 18.47 0.35

* ** Significant at 0.05 and 0.01 levels of probability, respectively; LN1, AMBO6BSYN8Q6-2-4-1-2, LN2, AMBO6BSYN8Q11-6-7-1-2, LN3, AMB0O6BSY N8Q15-4-3-1-1, LN4, AMBO6BSYN8Q15-
10-3-1-2, LN5, AMBO6BSYN8Q18-7-3-1-2; LN6, AMBO6BSYN8Q19-12-1-2-2, for all tables.

Table 6. Specific combining ability (SCA) effects of test cross hybrids of maize in respect of eleven characters

Hybrid no. PH EH DSS DSM EL NKR NK NCP GYH GW SC

HN1 -7.80 -3.90 -0.20 -0.04 -0.20 0.40 0.04 -1.50 -1.80 4.70 0.10
HN2 -3.80 -4.40 0.30 -0.29 -0.10 0.30 -1.71 2.00 -9.30 0.20 -0.13
HN3 -35.30** -13.40 5.80** 5.96** -2.40* 0.20 -1.46 -2.00 -13.70 -4.30 -0.13
HN4 41.20** 22.10* -5.40* -5.04** 2.60* 0.20 2.29 -0.75 14.10 2.50 -0.18
HN5 6.10 -2.70 0.60 0.71 -0.20 -0.10 0.04 0.50 3.00 0.30 0.13
HNG6 -0.60 2.30 -1.20 -1.29 0.30 -0.30 0.79 1.75 7.70 -3.30 0.20
HN7 7.80 3.90 0.20 0.04 0.20 0.40 -0.04 1.50 1.80 -4.70 -0.10
HN8 3.80 4.40 -0.30 0.29 0.10 0.30 171 -2.00 9.30 -0.20 0.13
HN9 35.30** 13.40 -5.80** -5.96** 2.40* -0.20 1.46 2.00 13.70 4.30 0.13
HN10 -41.20* -22.10* 5.40* 5.04* -2.60** -0.20 -2.29 0.75 -14.10 -2.50 0.18
HN11 -6.40 2.70 -0.60 -0.71 0.20 0.10 -0.04 -0.50 -3.00 -0.30 -0.13
HN12 0.60 -2.30 1.20 1.29 -0.30 0.30 -0.79 -1.75 -7.70 3.30 -0.20
SEm+ 8.50 8.50 1.80 0.95 0.80 0.70 1.07 3.10 10.12 2.75 0.39
LSD (0.05) 18.70 18.70 3.96 2.09 1.76 154 2.35 6.82 22.27 6.05 0.85
LSD (0.01) 26.40 26.40 5.59 2.95 2.48 2.17 3.32 9.62 31.43 8.54 1.21

*and**; Significant at 0.05 and 0.01 levels of probability.
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Table 7. The nature and magnitude of heterosis for candidate hybrids relative to two checks.

) PH EH EL NKR GW DSS
Hybrid no. = BHOP542 _ Jibat _ BHOP542 _ Jibat _ BHOP542 _ Jibat _ BHOP542 _ Jibat _ BHQP542 Jibat BHQP542
HN1 22.93 9.61 16.24 36.31** -13.50** 6.01** Jibat BHQP542 -2.79** 42.28** 8.29* -2.49
HN2 29.56 15.52 15.23 35.12** -6.75** 14.29** -16.00** -8.69** -25.39** 9.19* 8.29* -2.49
HN3 -20.99 -29.56 -30.96* -19.05 -42.39** -29.39** -14.67** -7.23** -24.83** 10.02* 20.99** 8.95*
HN4 17.40 4.68 -1.52 15.48 -12.88** 6.77* -14.67** -7.23** -14.65** 24.91** 7.73* -2.98
HN5S 21.82 8.62 3.55 21.43 -15.03** 4.14% -5.33** 2.89 -17.98** 20.04** 12.71** 1.49
HNG6 20.17 7.14 14.72 34.52** -10.12** 10.15** -16.00** -8.69** -37.05** -7.87 7.73* -2.98
HN7 29.28 15.27 20.30 41.07* -5.83** 15.41** -14.67** -7.23** -11.44* 29.62** 7.18* -3.48
HN8 31.49 17.24 20.30 41.07* 0.61 23.31** -16.00** -8.69** -7.79 34.96** 7.73% -2.98
HN9 15.75 3.20 -7.61 8.33 -6.75** 14.29** -5.33** 2.89 18.82** 73.91** 6.63* -3.98
HN10 -30.39 -37.92 -50.25** -41.67** -39.26** -25.56** -6.67** 1.45 -10.59* 30.85** 17.68** 5.97*
HN11 12.43 0.25 5.08 23.21 -6.75** 14.89** -17.33** -10.14** -1.42 4427 9.94* -0.99
HN12 18.51 5.67 6.09 24.21* -8.59** 12.03** -16.00** -8.69** 0.73 47.42** 9.39* -1.49
SEmz+ 40.99 11.16 1.05 1.4 1.05 2.36
CD at 5% 88.50 24.10 2.26 3.00 2.26 5.30
CD at 1% 123.50 33.60 3.15 4.20 3.15 7.40
Hybrid no. GW DSS GYP GYH SC NCP

Jibat BHQP542 Jibat BHQP542 Jibat BHQP542 Jibat BHQP542 Jibat BHQP542 Jibat BHQP542

HN1 -2.79** 42.28** 8.29* -2.49 5.01 60.13* -23.18 66.03** -1.01 -2.29** -23.63** 40.00**
HN2 -25.39** 9.19* 8.29* -2.49 -36.42 -3.04 -41.13* 27.23 0.29 -1.00 -3.63 76.67**
HN3 -24.83** 10.02* 20.99** 8.95** -73.42** -59.47* -83.58** -64.50** 0.07 -1.21* -60.00** -26.67**
HN4 -14.65** 24 91* 7.73** -2.98 -25.39 13.77 -60.45** -14.53 -1.38* -2.64** -63.63** -33.33*
HN5 -17.98** 20.04** 12.71** 1.49 -9.36 38.20 -35.55* 39.29* -1.30* -2.57** -25.45** 36.67**
HN6 -37.05** -7.87 7.73* -2.98 -24.76 14.74 -24.77 62.63** 1.23* -0.07 -10.91** 63.33**
HN7 -11.44* 29.62** 7.18* -3.48 -12.28 33.77 -12.29 89.56* -0.51 -1.79** -18.18** 50.00**
HN8 -7.79 34.96** 7.73* -2.98 -14.11 30.97 -14.12 85.63* 1.45* 0.14 -23.63** 40.00**
HN9 18.82** 73.91* 6.63* -3.98 -25.21 14.04 -46.90** 14.77 1.23* -0.07 -50.91** -10.00*
HN10 -10.59* 30.85* 17.68** 5.97* -73.02** -58.85* -84.10** -65.64** -0.07 -1.36* -63.63** -33.33*
HN11 -1.42 44.27** 9.94** -0.99 -13.98 31.17 -35.19* 40.08* -0.87 -2.14%* -34.54** 20.00**
HN12 0.73 47.42%* 9.39** -1.49 -24.48 15.15 -34.63* 41.29* 1.45* 0.14 -29.09** 30.00**
SEmz 1.05 2.36 26.85 13.78 0.53 4.11
CD at 5% 2.26 5.30 57.99 29.75 1.14 8.87
CD at 1% 3.15 7.40 80.87 41.49 1.59 12.37

*and **; Significant at 0.05 and 0.01 levels of probability, respectively.
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over the two standard checks (Jibat and BHQP542) for
plant height ranged from -30.39 to 29.56 cm and -37.92
to 17.24 cm, respectively. Five hybrids (HN1, HN2, HN7,
HN8 and HN9) had significant positive standard heterosis
over BHQP542 and two hybrids (HN3, HN10) revealed
significant negative standard heterosis over Jibat for ear
height. HN7 and HN8 had expressed the highest
significant positive standard heterosis (41.07%) followed
by HN1 (36.31%) for this trait. For ear length, two hybrids
HN3 and HN10 exhibited significant negative standard
heterosis over Jibat and BHQP542 and one hybrid HN8
(23.1%) exhibited significant positive standard heterosis
over BHQP542.

Out of twelve hybrids, none of them revealed significant
positive standard heterosis over Jibat and BHQP542 for
number of kernels per row. Nine hybrids divulged
significant negative standard heterosis over Jibat. These
hybrids had revealed negative standard heterosis over
the check BHQP542 but they are non-significant.
Significant positive standard heterosis was observed in
four hybrids (HN1, HN9, HN11 and HN12) for 100 grain
weight over BHQP542 and one hybrid HN6 had
significant negative standard heterosis over Jibat.

Significant standard heterosis was mostly in negative
direction for days to 50% tasselling and silking over
BHQP542 except (HN3, HN5 and HN10). The maximum
negative heterosis for days to 50% tasselling and silking
was recorded for hybrid HN8 followed by hybrid HN12.
But significant standard heterosis for all hybrids was in
positive direction for days to 50% tasselling and silking
over Jibat.

Only hybrid HN1 (60.13%) had showed large
maghnitude of significant standard heterosis for grain yield
per plant over the check BHQP542. For grain yield in
quintal per hectare, two hybrids HN7 (89.56%) and HN8
(85.63%) revealed significant positive standard heterosis
compared to check BHQP542 and six hybrids had
expressed significant negative standard heterosis
compared to check Jibat.

DISCUSSION

The study revealed considerable variability in treatments
as well as hybrids which is encouraging for selection of
desirable genotypes. Differences among lines and testers
were statistically significant for most traits. This indicates
that the inbred lines behaved differently in their
respective hybrids, and that greater diversity exists
between the two testers. Similarly, significant line x tester
interaction indicated that the inbred lines performed
differently in their respective hybrids depending on the
type of testers used for these traits. These results are in
line with Mosa (2010) conclusions.

There was preponderance of SCA variances showing
the greater importance of non-additive genetic
component in the inheritance of studied traits. Alamnie et

al. (2003), Wali et al. (2010) and Sofi and Rather (2006)
reported that SCA variance was dominance for the
inheritance of yield and yield component traits.

The present results indicated that LN1 was obtained
superior for GCA effects for grain yield, plant height and
ear height. LN2 provided important GCA effects for plant
height, ear height, ear length and number of cobs per
plot. Ahmad and Saleem (2003) reported that the inbred
parent TZI-7103 had eminent GCA effects for half of the
traits including grain yield. The GCA effects for days to
50% tasseling and days to 50% silking recorded in the
parental line LN1 and LN2 were significant and in the
negative direction indicating the earliness of the parental
lines. Uddin et al. (2006) and Sundararajan and Kumar
(2011) revealed the importance of negative GCA effect
for days to 50% tasseling and days to 50% silking to
develop early maturing varieties.

The specific combining ability effect is an essential
criterion to determine the usefulness of hybrids. HN4 and
HN9 had significant negative SCA effects for days to 50%
tasseling and days to 50% silking showing their
earliness. Uddin et al. (2006) described eleven and
fourteen hybrids exhibited significant negative SCA
effects for days to 50% tasseling and days to 50% silking,
respectively indicating early maturing.

Hybrid HN7 and HN8 showed significant negative
standard heterosis for days to 50% tasseling and days to
50% silking and at the same times they had significant
standard heterosis for grain yield in quintal per hectare
over BHQP542. Uddin et al. (2006) observed similar
results.

CONCLUSION AND RECOMMENDATION

Considerable variability was observed in treatments and
hybrids that show selection process is desirable.
Statistical significance differences were examined in
lines, testers and line x tester interaction for most traits
showing lines behaved differently in their hybrids
depending on the type of tester involved. SCA variance
played greater role in controlling most of the studied
characters.

LN1 was higher for GCA effects for grain yield in quintal
per hectare and it had negative significant GCA effects
for days to 50% tasseling and days to 50% silking and it
can be used to develop high vyielding early maturing
variety.

SCA effects for days to 50% tasseling and days to 50%
silking were in the negative direction for hybrid HN4 and
HN9 indicating they are early maturing hybrids. HN7 and
HN8 revealed higher standard heterosis for grain yield
per hectare as compared to quality protein maize
standard check and they had negative standard heterosis
for days to 50% tasseling and days to 50% silking. So
HN7 and HN8 could be recommended for commercial
utilization.



ACKNOWLEDGMENTS

The author would like to convey his exceptional thanks
and appreciation to his advisor Dr. Tadesse Dessalegn
for his close supervision, assistance, constructive
criticism, support and generosity during the whole period
of my study. He would also like to thank his co-advisor
Dr. Yigzaw Dessalegn for his guidance, encouragement,
all-rounded support and valuable comments, Mr. Kassa
Yihun (Ambo Agricultural Research Center) who provided
the planting materials and valuable information used for
the study, and the Amhara Regional Agricultural
Research Institute (ARARI) for the training opportunity
given to him. He wishes to express his indebtedness to
Adet Agricultural Research Center for providing technical
and financial assistance during the study.

REFERENCES

Ahmad A, Saleem M (2003). Combining Ability Analysis in Zea mays L.
1. J. Agric. Biol. 3:239-244.

Alamnie A, Naykar NY, Wali MC (2003). Combining Ability, Heterosis
and per se Performance of Height Characters in Maize. Karnataka J.
Agric. Sci. 16(1):131-133.

Bhat IS, Singh RO (2005). Stability analysis of maize hybrids under
different moisture regimes. New Botanist 32(1/4):79-85.

CSA (2011/12). Report on Area and Production of Major crops, Addis
Ababa, Ethiopia.

EIAR (2011). The third national maize workshop. From April 18 to 20, at
EIAR, Ethiopia. http://en.wikipedia.org/wiki/Agriculture_in_Ethiopia
[online], retrieved on 15 August 2011.

Hayes HK, Immer FR Smith DC (1955). Methods of Plant Breeding. Mc.
Grow Hill Book. Co., Inc., New York. P. 19.

Johnson LA, Hardy CL, Baumel CP, Yu TH, Sell JL (2001). Identifying
valuable corn quality traits for livestock feed. Cereal Foods World
46:472-481.

Kebede M, Gezahegne B, Benti T, Mosisa W, Yigzaw D, Assefa A
(1993). Maize production trends and research in Ethiopia. In: Benti
Tolessa and J.K. Ransom (eds.). Proceedings of the First National
Maize Workshop of Ethiopia, March 6th-10th, 1993, IAR/CIMMYT,
Addis Ababa, Ethiopia. pp. 4-12.

Kempthorne O (1957). An Introduction to Genetics Statistics. John
wiley and sons, New York. P. 457.

Krivanek A, Groote H, Gunaratna N, Diallo A, Freisen D (2007).
Breeding and disseminating quality protein maize for Africa. Afr. J.
Biotech. 6:312-324.

Elmyhum 6317

Mertz ET, Bates LS, Nelson OE (1964). Mutant gene that changes
protein composition and increases lysine content of maize
endosperm. Science 145:279-280.

Mosa HE (2010). Estimation of combining ability of maize inbred lines
using top cross design. J. Agric. Res. Kafer El-Sheikh Univ. 36(1):1-
15.

Shaw RH (1988). Climatic requirement. In: Sprague G. F., Dubey, J. W.
(eds.) Corn and Corn Improvement. American Society of Agronomy,
Madison, USA, pp. 609-638.

Shimada A, Cline TR (1974). Limiting amino acids of triticale for the
growing rat and pig. J. Anim. Sci. 38:941-946.

Sofi P, Rather AG (2006). Genetic analysis of yield traits in local and
cimmyt inbred line crosses using line x tester analysis in maize (Zea
mays L.). Asian J. Plant Sci. 5:1039-1042.

Sundararajan R, Kumar SPN (2011). Studies on heterosis in maize
(Zea mays L.). Plant Arch. 11(1):55-57.

Turner JK (1953). A study of heterosis in upland cotton. Combining
ability and inbreeding effects. Agron. J. 45:487-490.

Uddin MS, Khatun F, Ahmed S, Ali MR, Bagum S (2006). Heterosis and
combining ability in corn (Zea mays L.). Bangladesh J. Bot.
35(2):109-116.

Vassal SK (2000). Quality protein Maize story. Proceeding of the
Workshop on Improving Human Nutritional through Agriculture. The
Role of International Agriculture Research, IRRI, pp. 1-16.

Vassal SK (2001). High quality protein corn. In: Hallauer A. R. (eds.).
Speciality Corns. 2nd ed. CRC Press, Washington, D.C., USA, pp.
85-129.

Wali MC Kachapur RM, Chandrashekhar CP, Kulkarni VR, Devara NSB
(2010). Gene action and combining ability studies in single cross
hybrids of maize (Zea mays L.). Karnataka J. Agric. Sci. 23:557-562.

Wilson CM (1991). Multiple zeins from maize endosperms characterized
by reverse phase high performance liquid chromatography. Plant
Physiol. 95:777-786.



