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Genetic variability and relationship of 13 tropical sweet corn inbred lines derived from different source popula-
tions were investigated using agronomic traits during three consecutive years. Non-significant effects of years 
and years-by-lines indicated the stability of performance of the inbred lines per se over years. Contrastively, the 
effects of inbred lines were significant for all traits measured, indicating great genetic variability in their perfor-
mance. Among the inbred lines, TSN-S8, TSK-S8, BAK-S8, MAN-S8, MMIN-S8 and TSG-S8 were found to be 
high yielding, with high husked fresh ear yield, dehusked fresh ear yield and number of ears per hectare, while 
DFS-S8 and TFZ-S8 were found to be superior for ear characteristics including husked ear length, dehusked 
ear length, number of kernel rows per ear and TSS. The high heritability estimates obtained from husked and 
dehusked fresh ear yields in this study indicate that the inbred lines have become homozygous at almost all the 
loci after eight generations of selfing. Husked fresh ear yield was phenotypically and genetically correlated with 
dehusked fresh ear yield, number of ears per hectare, husked and dehusked ear weights, dehusked ear length, 
husked and dehusked ear diameter, number of kernels per row and number of kernel rows per ear, indicating 
direct positive contribution of these traits to husked fresh ear yield. Visualizing the relationship among the inbred 
lines using singular value decomposition biplot analysis revealed that the inbred lines could be assigned into three 
distinct groups. This indicates a strong indication of the potential of the inbred lines for their utilisation towards 
production of new hybrid varieties by crossing the inbred lines from different groups. It can be concluded that the 
inbred lines studied varied substantially in many aspects, and these differences could be exploited for specific 
purposes in breeding programs.

Abstract

Introduction
Sweet corn inbred lines and hybrids developed in 

temperate environment routinely fail when planted in 
the tropics. This emphasizes the importance of inbred 
line development for hybrid production in the tropical 
environment. Inbred lines are genotypes character-
ized by the homozygosity of their genes. Utilization 
of inbred lines for hybrid variety production began in 
1908, when Gorge H Shull (1908) proposed a method 
for producing corn hybrid cultivars. Inbred line devel-
opment is the main prerequisite for production of hy-
brid varieties (Basra, 2002). This process is achieved 
through successive generations of inbreeding fol-
lowed by repeated testing and selection. Inbreeding 
is the process of mating between genetically related 
individuals. The fundamental genetic change that in-
breeding produces, the loss of heterozygosity, was 
well understood early in the development of the field 
of genetics (Wright, 1921; Marquez-Sanchez, 1998; 
Marquez-Sanchez, 2001). Selfing, the most extreme 
form of inbreeding, reduces heterozygosity by 50% 
each generation. The decrease in heterozygosity 
typically results in phenotypic changes that we call 
inbreeding depression, the genetic basis of which 
has been debated for almost a century. As a conse-

quence of selfing, recessive genes, which were ear-
lier masked in the heterozygous forms, become ho-
mozygous. These genes, if conferring to undesirable 
phenotypes, will result in the deterioration of the suc-
ceeding generations. In cross-pollinated crops which 
do not have self-incompatibility problems, like sweet 
corn, inbred lines for hybrid varieties are developed 
through selfing. The source populations used for in-
bred line extraction should be superior. The common 
sources are open-pollinated varieties, single crosses, 
double crosses, synthetic varieties, composite variet-
ies and other improved varieties (Hallauer and Miran-
da, 1988; Stoskopf et al, 1993; Poehlman and Sleper, 
1995). Extensive studies on inbreeding depression in 
sweet corn (Zea mays L saccharata) have indicated 
that selfing is important in inbred line development 
because it leads to rapid gene homozygosity, where-
by desirable dominant genes can be accumulated 
while the undesirable ones are eliminated (Saleh et al, 
1993; Gallais, 2009). Selected plants are usually self-
pollinated for several generations until homozygos-
ity is reached. Hallauer and Miranda (1988) reported 
that many undesirable recessive genes are eliminated 
from families as a result of the inbreeding process, 
then selection is applied within and between lines for 
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the best individual plants (Acquaah, 2007). Hallauer 
(1990) added that corn inbred lines developed from 
improved source populations would have greater 
vigor and grain yield as compared to those devel-
oped from unimproved sources. Stoskopf et al (1993) 
also cited that inbred lines are developed after five to 
seven generations of selfing, during which selection 
for characters of interest is also conducted. Since not 
all inbred lines produce superior hybrids, they should 
be selected appropriately on the basis of their perfor-
mance in hybrid combinations.

In this experiment, a number of selected tropical 
inbred lines developed from various source popula-
tions were evaluated for their performance. The re-
sults were used to reveal heritability and phenotypic 
and genetic correlations of the traits measured, and 
to investigate the relationships among the inbred 
lines based on their agronomic performance. 

Materials and Methods
Location of Experiment 

The Study was conducted at Field 10, Faculty of 
Agriculture, Universiti Putra Malaysia, Serdang, Se-
langor, located at 2°59’28.66”N; 101°42’48.78”E, 
and 49 meters above sea level. The inbred lines were 
planted and evaluated three times from 2010 to 2012.

Plant materials
A series of 13 selected tropical near-homozy-

gous inbred lines previously developed from various 
source populations of tropical origin through a long-
term breeding program conducted at Faculty of Agri-
culture, Universiti Putra Malaysia were used as plant 
materials in this experiment. A commercial hybrid 
variety (Hybrid 968) was used as a control (Table 1).

Experimental design and cultivation practices
The evaluation was carried out in a Randomized 

Complete Block Design (RCBD) with three replica-
tions. Each replicate consisted of 14 plots, each rep-
resented by an inbred line. The planting density used 
was 0.75 m x 0.25 m. Each plot consisted of seven 
12 m long plant rows, where the three middle rows 

measuring four meters in length were used as the 
harvest area. All experimental plots were subjected 
to the standard uniform agronomic practices over the 
three years.  

Data collection 
Data were collected from both pre- and post-har-

vest characters including days to tasselling, days to 
silking, plant height (cm), ear height (cm), number of 
ears per hectare, fresh ear yield (kg ha-1), ear length 
(cm), ear diameter (mm), number of kernels per row, 
number of kernel rows per ear and total soluble solids 
concentration (TSS) (%). 

Statistical analyses
The analysis of variance (ANOVA) was conducted 

using the General Linear Model (PROC GLM) of the 
Statistical Analysis System computer software (SAS 
Institute Inc, 2005) to determine the significance of 
variation among inbred lines. Subsequently, the Dun-
can’s New Multiple Range Test (DNMRT) was applied 
for comparison of mean performance of the inbred 
lines and the control variety (Hybrid 968). 

Simple phenotypic correlations among the traits 
were determined based on the formula suggested 
by Gomez and Gomez (1984) and calculated using 
PROC CORR procedure of SAS. PROC MIXED of the 
SAS software was used to estimate genetic correla-
tion coefficients among the traits based on the meth-
od described by Kashiani and Saleh (2010a).

Broad-sense heritability (h2
B) for each trait was 

estimated using the variance components based on 
the method suggested by Becker (1992). Heritability 
estimates were classified as low if values were lower 
than 20%, moderate if the estimates ranged from 20 
to 50%, and high if they were greater than 50% (Mc-
Whirter, 1979).

A biplot analysis was run to visualize the relation-
ship between lines and traits. Data matrix with col-
umns representing the traits and rows representing 
the inbred lines was first standardized, then subject-
ed to Principal Component Analysis (PCA) to obtain 

Table 1 - List of inbred lines selected and the control variety, their source populations, countries of origin and population 
structures.

Inbred Line / Variety	 Source Population	 Country of Origin	 Source Population Structure

BAK-S8	 Bakti-1	 Malaysia	 Composite
TSG-S8	 Thai Super Sweet	 Thailand	 Composite
TSK-S8	 Thai Super Sweet	 Thailand	 Composite
TSN-S8	 Thai Super Sweet	 Thailand	 Composite
TFZ-S8	 Hybrid 240	 USA	 Single cross hybrid
DFS-S8	 Hybrid D56	 Taiwan	 Single cross hybrid
IND-S8	 Indo	 Indonesia	 Composite
MAS-S8	 Mas Madu	 Malaysia	 Composite
MAN-S8	 Manis Madu	 Malaysia	 Composite
MMIN-S8	 Manis Madu x Indo	 Malaysia	 Cross between Manis Madu and Indo
THI-S8	 Thailand	 Thailand	 Composite
SBY-S8	 Surabaya	 Indonesia	 Composite
HAW-S8	 Hawaiian	 USA	 Single cross hybrid

Hybrid 968 (control)	 Commercial Variety	 Thailand	 Single cross hybrid
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information on the traits most effective in discriminat-
ing the corn lines using SAS PROC PRINCOMP. The 
standardized table was then decomposed into prin-
cipal components (PC) via singular value decomposi-
tion (SVD) using SAS PROC GPLOT.

Results
Performance of inbred lines

Results of the analysis of variance revealed that 
the effects of year and its interaction with inbred lines 
were not significant for all the traits measured. This 
shows the stability of the performance of the inbred 
lines over the years. The effects of blocks within 
years were significant only for husked fresh ear yield, 
number of ears per hectare, TSS and husked ear di-
ameter, while effects of inbred lines were significant 
for all traits measured. The significant effects of lines 
indicate that the lines evaluated varied greatly in their 
performance. Average performance of the inbred 
lines and the control variety (Hybrid 968) over three 
years are presented in Table 2. 

All the inbred lines evaluated had values signifi-
cantly lower than those obtained from the control va-
riety, Hybrid 968 for all the traits measured except 
plant and ear heights and number of days to tasseling 
and silking. The lower performance of the inbred lines 
is due to the effect of inbreeding depression after 
eight generations of self-pollination. 

Among the inbred lines, the highest husked fresh 
ear yield was obtained from TSN-S8, with value of 
6,549 kg ha-1. However, this was not significantly 
higher than those of from TSK-S8, BAK-S8 and MAN-
S8 (6,483, 6,402, and 5,798 kg ha-1, respectively).  
The second group of inbred lines with highest husked 
fresh ear yield was MMIN-S8, DFS-S8, TFZ-S8 and 
TSG-S8, with mean values of 5,456, 5,334, 5,138, 
and 5,088 kg ha-1, respectively.  The lowest husked 
fresh ear yield was obtained from THI-S8 (3,453 kg 
ha-1), followed by MAS-S8 (3,678 kg ha-1), IND-S8 
(3,722 kg ha-1) and HAW-S8 (3,767 kg ha-1). As ex-
pected, the variations revealed by the inbred lines for 
dehusked fresh ear yield were almost similar to those 

Table 2 - Mean values for 16 agronomic traits measured on 13 sweet corn inbred lines and the control variety, Hybrid 968.

	 Line		  Mean Value

	 Husked 	 Dehusked	 No. of Ears	 Husked Ear	 Dehusked	 TSS	 Husked	 Dehusked
	 Fresh Yield	 Fresh Yield	 per Hectare	 Weight	 Ear Weight	 (%)	 Ear Length	 Ear Length
	 (kg ha-1)	 (kg ha-1)		  (g)	 (g)		  (cm)	 (cm)

BAK-S8	   6,402 b	 4,630 cd	 42,778ab	 132.3 ef	   94.5 f	   9.7 h	 19.3 bc	 14.0 bcd
TSG-S8	   5,088 cd	 3,890 de	 38,377 cd	 142.6 cde	   99.6 ef	   9.9 h	 18.6 bcd	 13.9 bcd
TSK-S8	   6,483 b	 5,190 bc	 40,815 bc	 146.0 cde	 102.9 ef	 10.4 gh	 15.9 def	 12.3 cde
TSN-S8	   6,549 b	 5,731 b	 44,218 ab	 159.3 bcd	 124.1 bcd	 12.2 ef	 15.7 def	 12.6 cde
TFZ-S8	   5,138 cd	 4,256 de	 35,550 defg	 161.9 bc	 134.1 bc	 16.3 ab	 20.3 bc	 16.6 b
DFS-S8	   5,334 c	 4,433 cd	 32,355 efgh	 173.7 b	 144.2 b	 16.8 a	 20.7 b	 16.7 b
IND-S8	   3,722 ef	 2,407 f	 34,802 defgh	   91.1 i	   58.4 g	 12.6 ef	 17.6 bcde	 12.2 cde
MAS-S8	   3,678 ef	 2,470 f	 31,696 fgh	 101.7 hi	   68.0 g	 12.0 ef	 18.0 bcde	 13.9 bcd
MAN-S8	   5,798 bc	 4,495 cd	 36,374 de	 154.4 bcd	 110.1 def	 13.5 de	 18.6 bcd	 15.0 bc
MMIN-S8	   5,456 c	 4,289 de	 45,926 a	 155.2 bcd	 119.0 cde	 14.3 cd	 20.0 bc	 14.4 bcd
THI-S8	   3,453 f	 1,823 f	 30,897 h	 112.9 gh	   60.5 g	 15.3 bc	 17.1 cde	 13.0 cde
SBY-S8	   4,432 de	 3,584 e	 35,984 def	 140.4 edf	   92.3 f	 11.0 fgh	 15.0 ef	 11.6 ed
HAW-S8	   3,767 ef	 1,988 f	 31,470 gh	 121.4 gf	   65.1 g	 11.6 fg	 13.7 f	 10.3 e

Control	 10,569 a	 7,751 a	 46,605 a	 195.5 a	 166.7 a	 17.3 a	 25.6 a	 22.6 a

	 Line		  Mean Value

	 Husked Ear 	 Dehusked	 No. of 	 No. of	 Plant	 Ear	 Days to 	 Days to
	 Diameter	 Ear Diameter	 Kernels per	 Kernel Rows	 Height	 Height	 Tasseling	 Silking
	 (mm)	 (mm)	 Row	 per Ear	 (cm)	 (cm)	 (number)	 (number)

BAK-S8	 30.2 gh	 26.9 gh	 21.2 defgh	 12.6 bc	 145.7 a	 69.1 bcd	 54.8 bcde	 57.5 bcd
TSG-S8	 36.4 cde	 33.3 cde	 23.6 cdef	 11.4 c	 130.3 abcd	 73.7 abc	 54.0 cdef	 56.0 de
TSK-S8	 40.7 b	 37.6 b	 29.2 bcd	 11.8 c	 116.3 bcde	 65.8 cde	 59.3 a	 63.0 a
TSN-S8	 37.6 bcd	 33.2 cde	 27.8 bcde	 11.4 c	 109.9 bcde	 77.0 ab	 57.0 abcde	 58.3 bcd
TFZ-S8	 39.6 bc	 36.1 bc	 29.0 bcde	 15.3 a	 108.2 cde	 68.5 bcde	 53.0 f	 56.3 cde
DFS-S8	 40.7 b	 38.9 ab	 34.2 ab	 14.5 ab	 132.3 abc	 70.5 bc	 53.7 def	 56.0 de
IND-S8	 27.7 h	 24.8 h	 20.3 efgh	 10.8 c	 106.2 de	 74.7 abc	 55.0 bcde	 56.3 cde
MAS-S8	 30.8 fgh	 26.0 gh	 14.6 gh	 11.8 c	 123.5 abcde	 60.3 def	 58.0 abc	 63.3 a
MAN-S8	 35.3 de	 31.9 def	 23.2 cdefg	 12.4 bc	 126.4 abcd	 65.9 cde	 57.3 abcd	 60.0 abcd
MMIN-S8	 38.8 bcd	 35.1 bcd	 30.6 bc	 12.7 bc	 146.8 a	 81.3 a	 58.0 abc	 60.3 abc
THI-S8	 33.8 ef	 28.7 fgh	 15.6 fgh	 11.9 c	 132.8 ab	 67.8 bcde	 59.0 ab	 60.7 ab
SBY-S8	 33.2 efg	 29.9 efg	 18.4 fgh	 10.5 c	 101.6 f	 58.6 ef	 59.7 a	 63.7 a
HAW-S8	 29.6 h	 27.4 gh	 12.8 h	 10.5 c	   83.8 f	 53.5 f	 55.7 abcde	 58.0 bcd

Control	 46.1 a	 41.9 a	 39.8 a	 15.7 a	 133.3 ab	 66.9 bcde	 50.1 f	 53.0 e

Means followed by the same letter in the same column are not significantly different at p ≤ 0.05 based on DNMRT.
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of husked fresh ear yield, where TSN-S8 and TSK-S8 
produced the highest dehusked fresh ear yield (5,731 
and 5,190 kg ha-1, respectively) among the inbred 
lines evaluated. 

Among the inbred lines, the highest husked and 
dehusked ear weights were obtained from DFS-
S8 (173.7 and 144.2 g), followed by TFZ-S8 (161.9 
and 134.1 g), TSN-S8 (159.3 and 124.1 g), MMIN-S8 
(155.2 and 119.0 g) and MAN-S8 (154.4 and 110.1 g). 
BKT-S8 was found to have produced small ears with 
the weight of 132.3 g with husk and 94.5 g without 
husk, although it was found to be one of the high-
yielding inbred lines. DFS-S8 and TFZ-S8 had also 
the highest percentage of TSS among the inbred lines 
(16.8% and 16.3%, respectively) which was not sig-
nificantly lower than that of the hybrid variety (17.3%). 
BKT-S8 and TSG-S8, which were derived from local 
open-pollinated varieties, were found to have the low-
est TSS with values of 9.7% and 9.9%, respectively. 
Among the inbred lines, the highest husked and de-
husked ear diameters, and number of kernels per row 
were obtained from DFS-S8 (40.7 and 38.9 cm, and 
34.2, respectively).  Among the inbred lines, TFZ-S8, 
DFS-S8 and TSG-S8 were found to be the earliest 
in tasseling and silking. These variations indicate the 
superiority of DFS-S8 and TFZ-S8 as parental lines 
for production of new hybrid varieties.  

Broad-sense heritability estimates
Genotypic and phenotypic variances and broad-

sense heritability (h2
B) estimates for yield and yield 

components measured on the inbred lines are shown 
in Table 3. All traits measured on the inbred lines 
showed high broad-sense heritability except for days 
to tasseling. Husked and dehusked fresh ear yield 
were found to be the most heritable traits in the in-
bred lines, with heritability estimates of 87.8% and 
86.5% (Table 3). 

Correlations among traits 
Results on phenotypic correlations among char-

Table 3 - Genotypic variances (σ2
G), phenotypic variances (σ2

P) and broad-sense heritability estimates (h2
B) for traits measured 

on 13 sweet corn inbred lines.

Trait	 σ2
G	 σ2

P	 h2
B (%)

Husked Fresh Yield	 1,206,840	 1,375,301	 87.8	
Dehusked Fresh Yield	 1,479,981	 1,698,262	 87.2	
No. of Ears per Hectare	 28,505,941	 3,4260,111	 83.2	
Husked Ear Weight	 575.55	 701.93	 82.0	
Dehusked Ear Weight	 765.84	 901.03	 85.0	
Total Soluble Solids	 5.26	 6.09	 86.5	
Husked Ear Length	 3.68	 6.77	 54.4	
Dehusked Ear Length	 2.64	 5.01	 52.7	
Husked Ear Diameter	 18.43	 22.31	 82.6	
Dehusked Ear Diameter	 19.72	 24.89	 79.2	
No. of Kernels per Row	 37.54	 60.27	 62.3	
No. of Kernel Rows per Ear	 1.56	 3.05	 51.2	
Plant Height	 291.94	 405.29	 72.0	
Ear Height	 49.34	 78.98	 62.5	
Days to Tasseling	 3.77	 7.96	 47.4	
Days to Silking	 6.85	 10.69	 64.1	

acters measured on the inbred lines are presented in 
Table 4. Based on phenotypic correlation estimates, 
Husked fresh ear yield was found to be highly posi-
tively correlated with dehusked fresh ear yield, num-
ber of ears per hectare, husked ear weight, dehusked 
ear weight, husked ear length, dehusked ear length, 
husked ear diameter, dehusked ear diameter, num-
ber of kernels per row and number of kernel rows per 
ear, with correlation coefficients of 0.95, 0.61 0.79, 
0.77, 0.58, 0.70, 0.69, 0.66, 0.70, and 0.56, respec-
tively, but negatively correlated with days to tasseling 
and days to silking (r = -0.48 and -0.44, respectively). 

Results on genetic correlations among charac-
ters measured on the inbred lines are presented in 
Table 4. Husked fresh ear yield was found to be high-
ly genetically correlated (at p ≤ 0.01) with dehusked 
fresh ear yield, number of ears per hectare, number 
of kernels per row, husked ear weight, dehusked ear 
weight, dehusked ear diameter, husked ear diameter 
and ear height, with correlation coefficients of 0.97, 
0.84, 0.79, 0.77, 0.77, 0.63, 0.62, and 0.47, respec-
tively, and correlated (at p ≤ 0.05) with plant height, 
number of kernel rows per ear and dehusked ear 
length (r = 0.39, 0.34, and 0.33, respectively). 

Association of traits with inbred lines
Biplot analysis was used to visualize and de-

pict the relationships between inbred lines and the 
traits measured. It was generated by singular value 
decomposition on two-way data table for lines and 
traits. The importance of various variables in distance 
computation was balanced by standardizing the vari-
ables. The singular value decomposition biplot pre-
sented in Figure 1 confirms results of the correlation 
analysis, and also gives more details to enhance the 
interpretation of the data.

Husked fresh ear yield was found to be highly 
positively correlated with dehusked fresh ear yield 
and number of ears per hectare. TSS, days to tas-
seling and days to silking were not positively corre-
lated with husked fresh ear yield as depicted by the 
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Discussion
The significant differences in yield and yield com-

ponents between the inbred lines evaluated and the 
control variety (Hybrid 968) indicate drastic decrease 
in the performance of inbred lines which after under-
going eight generations of selfing, as expected. Other 
investigators also reported that performance of lines 
obtained from selfing decreased, resulting in yield 
reduction, reduction in plant resistance to pests and 
diseases, reduction in growth rate, and increase in 
the number of stunted plants and days to tasseling 
and silking (Genter, 1971; Harris et al, 1972; Hallauer 

Table 4 - Simple phenotypic correlation coefficients (below diagonal) and genetic correlation coefficients (above diagonal) 
among traits measured on 13 sweet corn inbred lines.
Trait			   Correlation Coefficient	

 	 HY	 DHY	 NE	 HEW	 DEW	 TSS	 HEL	 DEL	 HED	 DED	 NKR	 NKRE	 PH	 EH	 DT	 DS

HY		  0.97**	 0.84**	 0.77**	 0.77**	 -0.19	 0.28	 0.33*	 0.62**	 0.63**	 0.79**	 0.34*	 0.39*	 0.47**	 -0.07	 -0.08
DHY	 0.95**		  0.79**	 0.82**	 0.85**	 -0.08	 0.34*	 0.43**	 0.72**	 0.62**	 0.89**	 0.42**	 0.31*	 0.51**	 -0.05	 -0.04
NE	 0.61**	 0.63**		  0.51**	 0.52**	 -0.41*	 0.18	 -0.01	 0.29	 0.27	 0.55**	 0.08	 0.48**	 0.72**	 0.10	 -0.00
HEW	 0.79**	 0.85**	 0.38*		  0.99**	 0.38*	 0.47**	 0.66**	 0.87**	 0.90**	 0.89**	 0.73**	 0.28	 0.33*	 -0.23	 -0.19
DEW	 0.77**	 0.85**	 0.35*	 0.93**		  0.47**	 0.64**	 0.81**	 0.88**	 0.89**	 0.94**	 0.87**	 0.31*	 0.49**	 -0.35*	 -0.26
TSS	 0.28	 0.26	 -0.03	 0.42*	 0.45**		  0.63**	 0.77**	 0.45**	 0.44**	 0.48**	 0.83**	 0.12	 0.25	 -0.28	 -0.27
HEL	 0.58**	 0.51**	 0.33*	 0.47**	 0.58**	 0.52**		  0.99**	 0.46**	 0.48**	 0.73**	 0.98**	 0.90**	 0.73**	 -0.61**	 -0.46**
DEL	 0.70**	 0.63**	 0.26	 0.61**	 0.69**	 0.60**	 0.91**		  0.65**	 0.68**	 0.71**	 0.99**	 0.73**	 0.53**	 -0.58**	 -0.41*
HED	 0.69**	 0.74**	 0.34*	 0.77**	 0.80**	 0.54**	 0.50**	 0.63**		  0.98**	 0.97**	 0.77**	 0.29	 0.45**	 -0.04	 0.00
DED	 0.66**	 0.72**	 0.30*	 0.78**	 0.81**	 0.50**	 0.45**	 0.56**	 0.97**		  0.99**	 0.77**	 0.22	 0.40*	 -0.17	 -0.10
NKR	 0.70**	 0.75**	 0.41*	 0.74**	 0.79**	 0.42*	 0.57**	 0.68**	 0.76**	 0.74**		  0.89**	 0.47**	 0.85**	 -0.41*	 -0.40*
NKRE	 0.56**	 0.54**	 0.17	 0.63**	 0.67**	 0.63**	 0.66**	 0.71**	 0.56**	 0.55**	 0.52**		  0.54**	 0.40*	 -0.63**	 -0.39*
PH	 0.29	 0.29	 0.40*	 0.23	 0.30*	 0.26	 0.49**	 0.34*	 0.33*	 0.28	 0.25	 0.24		  0.53**	 0.02	 0.01
EH	 0.17	 0.27	 0.46**	 0.14	 0.24	 0.23	 0.29	 0.13	 0.25	 0.22	 0.30*	 0.12	 0.55**		  -0.29	 -0.50**
DT	 -0.48**	 -0.42*	 -0.14	 -0.39*	 -0.49**	 -0.37*	 -0.54**	 -0.61**	 -0.30*	 -0.32*	 -0.36*	 -0.55**	 -0.14	 -0.11		  0.96**
DS	 -0.44**	 -0.39*	 -0.19	 -0.36*	 -0.45**	 -0.39*	 -0.48**	 -0.50**	 -0.30*	 -0.33*	 -0.33*	 -0.48**	 -0.18	 -0.23	 0.92**	

n = 39
** and * = significant at p ≤ 0.01 and p ≤ 0.05, respectively
HY = husked fresh ear yield, DHY = dehusked fresh ear yield, NE = number of ears per hectare, HEW = husked ear weight, 
DEW = dehusked ear weight, TSS = total soluble solids concentration, HEL = husked ear length, DEL = dehusked ear 
length, HED = husked ear diameter, DED = dehusked ear diameter, NKR = number of kernels per row, NKRE = number of 
kernel rows per ear, PH = plant height, EH = ear height, DT = days to tasseling, and DS = days to silking

angle between the vectors of these traits larger than 
90º. In general, days to tasseling and days to silking 
were found to have negative relationship with all traits 
measured.

Figure 1 clearly shows that the inbred lines evalu-
ated could be categorized into three main groups, i.e. 
as inbred lines with high yield but low quality (Group 
I), inbred lines with high quality and moderate yield 
(Group II), and inbred lines with low yield and qual-
ity (Group III). Among the inbred lines, TSN-S8, TSK-
S8, BAT-S8, MAN-S8, MMIN-S8, and TSG-S8 were 
found to be the high yielding inbred lines (Group I), 
while THI-S8, MAS-S8, IND-S8, HAW-S8, and SBY-
S8 were the low yielding ones (Group III). DFS-S8 and 
TFZ-S8 were found to be the lines with better qual-
ity for ear characteristics, which include husked and 
dehusked ear lengths, number of kernel rows per ear 
and TSS (Group II). In Group III, SBY-S8 was found 
to be slightly deviated from THI-S8, MAS-S8, IND-
S8, and HAW-S8 as it was the inbred line latest in 
tasseling and silking. The control variety (Hybrid 968) 
was separated from the inbred lines evaluated since it 
possessed high yield and high quality simultaneously. 

and Sears, 1973; Cornelius and Dudley, 1974; Saleh 
et al, 1993; Kashiani et al, 2010). Hybrid 968 was 
found to have husked fresh ear yield, dehusked fresh 
ear yield, husked ear weight and dehusked ear weight 
significantly higher than all the inbred lines evaluated. 
This indicates that yield characters experienced a 
higher rate of inbreeding in the inbred lines as they 
were controlled by a higher number of genes (Genter, 
1970, 1971; Harris et al, 1972; Marsum, 1972; Hal-
lauer and Sears, 1973; Cornelius and Dudley, 1974; 
Saleh et al, 1993; Kashiani et al, 2010) 

The inbred lines evaluated showed a wide range 
of performance for husked fresh ear yield and its 
components. This indicates that these inbred lines 
varied substantially in many aspects, and these dif-
ferences could be exploited for specific purposes in 
breeding programs. Among the inbred lines, TSN-S8, 
TSK-S8, BAK-S8, MAN-S8, MMIN-S8, and TSG-S8 
were found to be high yielding, with high husked fresh 
ear yield, dehusked fresh ear yield and number of 
ears per hectare. The superiority of these inbred lines 
for fresh ear yield and number of productive ears per 
hectare was also revealed through biplot analysis, in 
which the relationship between the inbred lines evalu-
ated and the traits measured was visualized. Kashiani 
et al (2010) reported that inbred lines extracted from 
the source populations Bakti-1, Thai Super Sweet, 
Manis Madu and MM x Indonesia performed better 
than the rests for fresh ear yield and number of pro-
ductive ears per hectare.

Inbred lines DFS-S8 and TFZ-S8 which were de-
rived from single-cross hybrid source populations 
were found to be superior for ear characteristics 
including husked ear length, dehusked ear length, 
number of kernel rows per ear and TSS, compared to 
the other inbred lines evaluated. Result of the biplot 
analysis indicates that these inbred lines are placed 
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in a separate group far from the other inbred lines 
studied. Poehlman and Sleper (1995) reported that 
the inbred lines developed from single-cross hybrid 
source populations passed down better character-
istics to their progenies compared to those derived 
from other kinds of population sources. Similarly, 
Hallauer (1990) emphasized that corn inbred lines 
developed from improved source populations would 
have greater vigor and grain yield as compared to 
those developed from unimproved sources. There is 
therefore a strong indication of the potential of these 
inbred lines for their utilisation towards production of 
new hybrid varieties and they could be short listed 
for further testing for general and specific combining 
abilities towards development of hybrid varieties.

Among the inbred lines, THI-S8, IND-S8, MAS-
S8, HAW-S8, and SBY-S8 were found to be low 
yielding, late in maturity and tall. The result of sin-
gular value decomposition biplot revealed that these 
inbred lines were separated from the other inbred 
lines studied. Although HAW-S8 and SBY-S8 were 
developed from single-cross hybrid populations with 
high performance, they were found to be among the 
worst performing inbred lines in the study. This could 
be mainly due to the fixation of undesirable reces-
sive alleles that in the hybrid source populations 
were preserved in large amounts by heterozygos-
ity. Similar results where single-cross hybrids show-
ing high inbreeding depression were not preferred 
as germplasm owing to their genetic backgrounds 
were also reported by Fasoulas (1988) and Kashiani 
and Saleh (2009, 2010b). Basra (2002) reported that 
single-cross hybrids with low inbreeding depression 
revealed a desirable load of genes that correspond to 
an F2 capable of developing elite inbred lines.  

All traits measured in the study were found to 
have high to moderate broad-sense heritability (h2

B), 
with estimates ranging from 87.8% (for husked fresh 
ear yield) to 47.4% (for days to tasseling). Similar 
results on broad-sense heritability were reported by 

Sujiprihati et al (2003) and Kashiani et al (2010) show-
ing high estimates for number of days to silking, plant 
height, number of days to tasseling and ear height, 
while moderate for husked ear yield, total soluble 
solids concentration, number of kernel rows per ear, 
ear diameter, dehusked ear yield, number of kernels 
per row and number of ears per hectare. Saleh et al 
(2002) also reported high broad-sense heritability es-
timates for plant height and number of days to tas-
seling on selected sweet corn synthetic populations. 
This indicates that selection for these traits with high 
broad-sense heritability estimates in these inbred 
lines would be most effective for the expression of 
these traits.

Corn yield is a quantitative trait controlled by mul-
tiple loci located on different parts of the corn chro-
mosomes and is highly influenced by environmental 
factors. Many investigators reported that segrega-
tion of heterozygous loci during meiosis led to low to 
moderate heritability for yield (Klein, 1974; Fernandez 
and Miller, 1985; Umakanth et al, 2000; Gusmini et al, 
2007; Akbar et al, 2008; Kashiani et al, 2012b). How-
ever, advance inbred lines which are homozygous 
at almost all loci are able to pass almost the same 
characteristics to their progenies obtained from self-
pollination, providing high estimates of heritability. 
Hence, the high heritability estimates obtained from 
husked and dehusked fresh ear yields in this study 
prove that the inbred lines have become homozy-
gous at almost all the loci after eight generations of 
selfing. In addition, total genetic variation among the 
advanced inbred lines with homozygous loci is mainly 
due to additive gene effects. Therefore, the heritabil-
ity estimates obtained from those inbred lines tend to 
be narrow-sense rather than broad-sense. 

With regards to phenotypic relationships among 
the traits, fresh ear yield was positively correlated 
with yield components and agronomic traits, but 
negatively correlated with tasseling and silking traits. 
However, the result of genetic correlations revealed 
that there was no significant relationship between 
fresh ear yield and the flowering traits. This indicates 
that late flowering did not have any genetic relation-
ship with yield reduction per se, but the yield of the 
inbred lines with late flowering was decreased by 
environmental factors such as different kinds of dis-
eases, pests and biotic and abiotic stresses. Beebe 
(2009) reported up to 20% reduction of potential yield 
by biotic and abiotic stresses in any given environ-
ments. Generally, it was reported that higher corn 
yield was associated with early maturity more often 
than with late maturity (Espinoza and Ross, 2007). 

Genetic correlation coefficients reveal stronger re-
lationship between fresh ear yield and number of ears 
per hectare and number of kernels per row compared 
to phenotypic correlations. In contrast, husked ear 
length was highly correlated with fresh ear yield when 
based on phenotypic coefficient, but not correlated 
when based on genetic coefficient. Fresh ear yield 

Figure 1 - Singular value decomposition biplot showing the 
relationships among traits measured and sweet corn inbred 
lines and one control variety grown under optimum condi-
tion at Field 10, UPM.
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was genetically correlated with plant and ear heights, 
but there was no relationship between these traits 
based on phenotypic values. This might be attributed 
to the high dry matter accumulation function carried 
out by the high number of leaves possessed by tall 
plants. Generally, husked fresh ear yield was found 
to be phenotypically and genetically correlated with 
dehusked fresh ear yield, number of ears per hect-
are, husked and dehusked ear weights, dehusked ear 
length, husked and dehusked ear diameter, number 
of kernels per row and number of kernel rows per ear. 
This indicates that high measurements of these traits 
had direct positive contribution to husked fresh ear 
yield. Therefore, for selection purposes to improve 
the inbred lines, it is suggested that emphasis should 
be given on these traits. The results on simple corre-
lation coefficients from the present study were found 
to be similar to those reported by Martin and Rus-
sell (1984), Burak and Magoja (1991), Akanvou et al 
(1997), Wang et al (1999), Yousuf and Saleem (2001), 
Liu (2009), Kashiani and Saleh (2010a), Kashiani et al 
(2010), and Xie (2010). 

In conclusion, significant differences in perfor-
mance indicate that the inbred lines varied substan-
tially among themselves for the traits measured in 
many aspects, and these differences could be ex-
ploited for specific purposes in breeding programs. 
Based on agronomic traits, the inbred lines could 
be divided into three main groups: those with high 
yield but low ear quality, those with moderate yield 
and high ear quality and those with low yield and low 
ear quality. This indicates that the inbred lines be-
long to different heterotic groups and could be used 
as promising parents for potential hybrid produc-
tion. Since phenotypic values obtained from the in-
bred lines were influenced by environmental factors, 
analysis of molecular variation can be performed on 
the inbred lines as an additional tool to help in the 
selection process for superior parental lines toward 
hybrid variety development, before further analysis 
on general and specific combining abilities could be 
executed (Kashiani et al, 2012a).

References

Acquaah G, 2007. Principles of plant genetics and 
breeding. Blackwell Publishing Ltd, Malden, USA

Akanvou L, Doku EV, Kling J, 1997. Estimates of ge-
netic variances and interrelationships of traits as-
sociated with Striga resistance in maize. African 
Crop Science Journal 5(1): 1-8

Akbar M, Shakoor MS, Hussain A, Sarwar M, 2008. 
Evaluation of maize 3-way crosses through ge-
netic variability, broad sense heritability, char-
acters association and path analysis. Journal of 
Agriculture Research 46(1): 39-45

Basra A, 2002. Heterosis and hybrid seed production 
in agronomic crops. CBS Publishers and Distribu-
tors, New Delhi, India

Beebe S, RAO I, Blair M, Butare L, 2009. Breeding for 

abiotic stress tolerance in common bean: pres-
ent and future challenges. Paper presented at the 
Australasian Plant Breeding, SABRAO Confer-
ence Cairns, Queensland, Australia, 2009

Burak R, Magoja JL, 1991. Yield and yield compo-
nents of full-sib and half-sib families derived from 
a perennial teosinte introgression population. 
Maize Genetics Cooperation News Letter 65: 67-
76

Cornelius PL, Dudley JW, 1974. Effects of inbreeding 
by selfing and full-sib mating in a maize popula-
tion. Crop Science 14(6): 815-819

Espinoza L, Ross J, 2007. Corn production hand-
book. University of Arkansas Division of Agricul-
ture Cooperative Extension Service

Fasoulas AC, 1988 The honeycomb methodology of 
plant breeding. Thessaloniki : AC Fasoulas, Thes-
saloniki, Greece

Fernandez G, Miller J, 1985. Estimation of heritabil-
ity by parent-offspring regression. Theoretical and 
Applied Genetics 70(6): 650-654

Gallais A, 2009. Full-sib reciprocal recurrent selection 
with the use of doubled haploids. Crop Science 
49(1): 150-152

Genter CF, 1970. Yield distribution of S2 and S3 
progenies derived from respective S1 and S2 
plant selection in maize. Paper presented at the 
1970

Genter CF, 1971. Yields of S1 lines from original and 
advanced synthetic varieties of maize. Crop Sci-
ence 11(6): 821-824

Gomez KW, Gomez AA, 1984. Statistical procedures 
for agricultural research. John Wiley and Sons 
Inc, New York

Gusmini G, Wehner TC, Donaghy SB, 2007. 
SASQuant: A SAS software program to estimate 
genetic effects and heritabilities of quantitative 
traits in populations consisting of 6 related gen-
erations. Journal of Heredity: esm033

Hallauer AR, 1990. Methods used in developing 
maize inbreds. Maydica 35: 1-16

Hallauer AR, Miranda FJB, 1988. Quantitative ge-
netics in maize breeding. Iowa State University 
Press, Ames

Hallauer AR, Sears JH, 1973. Changes in quantitative 
traits associated with inbreeding in a synthetic va-
riety of maize. Crop Science 13(3): 327-330

Harris RE, Gardner CO, Compton WA, 1972. Effects 
of mass selection and irradiation in corn mea-
sured by random S1 lines and their testcrosses. 
Crop Science 12(5): 594-598

Kashiani P, Saleh G, 2009. Performance, correlations 
and inbreeding depression on sweet corn single-
cross Hybrid 969. Agriculture Congress: Tropical 
Agriculture in a Changing Climate and Energy 
Scenario, Palace of the Golden Horses, Seri Kem-
bangan, Selangor, Malaysia, 138-140

Kashiani P, Saleh G, 2010a. Estimation of genetic 
correlations on sweet corn inbred lines using SAS 



59 ~ 275-282

Kashiani et al 282

Maydica electronic publication - 2014

mixed model. American Journal of Agricultural 
and Biological Sciences 5(3): 309-314

Kashiani P, Saleh G, 2010b. Inheritance of important 
traits in sweet corn single-cross hybrid. Journal of 
ISSAAS 16(1): 127-128

Kashiani P, Saleh G, Abdullah NAP, Abdullah SN, 
2010. Variation and genetic studies on selected 
sweet corn inbred lines. Asian Journal of Crop 
Science 2(2): 78-84

Kashiani P, Saleh G, Panandam JM, Abdullah NAP, 
Selamat A, 2012a. Demarcation of informative 
chromosomes in tropical sweet corn inbred lines 
using microsatellite DNA markers. Genetics and 
Molecular Biology 35: 614-621

Kashiani P, Saleh G, Panandam JM, Abdullah NAP, 
Selamat A, 2012b. Molecular characterization of 
tropical sweet corn inbred lines using microsatel-
lite markers. 

Klein T, 1974. Heritability and genetic correlation: 
Statistical power, population comparisons, and 
sample size. Behavior Genetics 4(2): 171-189

Liu W, 2009. Correlation between specific fine root 
length and mycorrhizal colonization of maize in 
different soil types. Frontiers of Agriculture in Chi-
na 3(1): 13-15

Marquez-Sanchez F, 1998. Expected inbreeding with 
recurrent selection in maize: I. Mass selection and 
modified ear-to-row selection. Crop Science 38: 
1432-1436

Marquez-Sanchez F, 2001. More on inbreeding on 
maize germplasm reproduction. Maydica 46: 167-
169

Marsum MD, 1972. Evaluation of selection progress 
for yield improvement through S1 progeny selec-
tion on an open pollinated variety of corn ( Zea 
mays L). Agriculture Science Bogor Agricultural 
University, Indonesia

Martin MJ, Russell WA, 1984. Correlated responses 
of yield and other agronomic traits to recurrent 
selection for stalk quality in a maize synthetic. 
Crop Science 24(4): 746-750

McWhirter KS, 1979. Breeding of cross pollinated 
crops, pp. 79-121. In: Plant Breeding. Knight R 
eds. Australian Vice-Chancellors’ Committee

Poehlman JM, Sleper DA, 1995. Breeding field crops. 
The Iowa State University Press: 321-344

Saleh G, Abdullah D, Anuar AR, 2002. Performance, 
heterosis and heritability in selected tropical maize 
single, double and three-way cross hybrids. The 
Journal of Agricultural Science. 138(01): 21-28

Saleh G, Yusop MR, Yap TC, 1993. Inbreeding de-
pression and heterosis in sweet corn varieties 
Manis Madu and Bakti-1. Pertanika Journal of 
Tropical Agriculture Science 16(3): 209-214

SAS Institute Inc, 2005. SAS/STAT® User’s Guide. 
Version 9.2 SAS Institute Inc, Cary, North Caro-
lina, USA

Shull GH, 1908. The composition of a field of maize. 
American Breeders Association Reports 4: 296-
301

Stoskopf NS, Tomes DT, Christie BR, 1993. Plant 
breeding, theory and practice. Westview Press 
Inc, San Francisco

Sujiprihati S, Saleh G, Ali E, 2003. Heritability, per-
formance and correlation studies on single cross 
hybrids of tropical maize. Asian Journal of Plant 
Sciences 2(1): 51-57

Umakanth AV, Satyanarayana E, Kumar MV, 2000. 
Correlation and heritability studies in Ashwini 
maize composite. Annual Agriculture Research 
21: 228-230

Wang G, Kang MS, Moreno O, 1999. Genetic analy-
ses of grain-filling rate and duration in maize. Field 
Crops Research 61(3): 211-222

Wright S, 1921. Systems of mating. II. The effects of 
inbreeding on the genetic composition of a popu-
lation. Genetics 6: 124-143

Xie H, Ding D, Cui Z, Wu X, Hu Y, Liu Z, Li Y, Tang J, 
2010. Genetic analysis of the related traits of flow-
ering and silk for hybrid seed production in maize. 
Genes & Genomics 32(1): 55-61

Yousuf M, Saleem M, 2001. Correlation analysis of 
S1 families of maize for grain yield and its com-
ponents. International Journal of Agriculture and 
Biology 3(4): 387-388


