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Abstract

The heterosis phenomena has been exploited in hybrid maize field production. Theoretically, heterosis was
depending on genetic distance of inbred lines. Meanwhile, different from field corn breeding, sweet corn does
not have well defined heterotic group. The objective of this study was to determine genetic similarity (GS) of
eight selected inbred lines of sweet corn based on morphological traits and its correlation with specific
combining ability (SCA) and heterosis. The eight inbred lines were characterized and crossed in full diallel
design. Then, the lines, F1 and its reciprocal, were evaluated by using the Randomized Complete Block Design
in three replications. The result showed positive heterosis and SCA effect in most of the hybrids which indicated
the heterosis effect in the hybrids performance. Based on the morphological traits, the genetic similarity between
the inbred lines was 62.2-82.4%. The inbred lines with 70% similarity coefficient were grouped into three. There
was significant correlation between the genetic similarity and heterosis in all traits, except in the plant height.
Meanwhile, only SCA of days to maturity and TSS showed significant correlation to genetic similarity. This
indicated the usefullness of genetic similarity to identify the potential inbred lines for parental hybrid.
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1. Introduction

In Indonesia, sweet corn has been cultivated on a relatively small acreage, e.g. 3,838,015 ha. On the other hand,
the production is recently increasing, mainly due to its high economic return (Rifianto et al., 2013). Initiated in
2010, the sweet corn breeding in Agro Nusantara Prima (ANP) Ltd, Yogyakarta produced inbred lines that could
be evaluated as the parent of sweet corn hybrid.

Most sweet corn hybrids are based on the recessive su gene which alters normal starch synthesis that results in
accumulation of phytoglycogen rather than starch. This provides sweet corn with characteristic smooth texture
and creaminess (Marshall & Tracy, 2003). Although the su/ gene is one of the earliest genes genetically well
characterized (Marshall & Tracy, 2003; Tracy et al., 2006), and various research identified genetic variation
among germplasm containing the su/ gene could not be reliably related to heterotic patterns (Revilla et al., 2005;
Bered et al., 2005), such as those important in field corn breeding (Hallauer et al., 2010). The narrowness of
present genetic variability of su sweet corn is the result of the fact that most of today’s sweet corn germplasm
originates from only few open-pollinated varieties Golden Bantam, Country Gentleman, and Stowell’s Evergreen
(Gerdes & Tracy, 1994).

Genetic diversity in relation to hybrid performance has been studied extensively in maize such as Kiula et al.
(2008) that reported the correlation between genetic similarity, hybrid performance and SCA in predicting hybrid
performance. While Legesse et al. (2008) found any correlation of genetic distance with hybrid performance
(heterosis). Similar result was reported by Suwarno et al. (2014).

Only a little of information about the genetic diversity and heterotic models in sweet corn germplasm is available.
This experiment also faced the same problem and strived to explore the probability by using the genetic
similarity in predicting the hybrid performance. Determining performances of inbred lines as potential hybrid
parents through field experiments and diallel crosses has been widely used in sweet corn breeding programs
(Kashiani et al., 2010; Assunacao et al., 2010), since they provide information on the type of the predominant
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gene action, assess heterotic potential and general and specific combining ability of genotypes (Hallauer et al.,
2010).

The aims of this study comprised the assessment of Specific Combining Ability (SCA), heterosis, genetic
similarity of eight sweet corn inbred lines based on the morphological traits and the correlation between SCA
and heterosis and genetic similarity. The concurrence between data could contribute to the efficiency of the sweet
corn breeding programs.

2. Materials and Methods

The experiment was conducted in Bantul, Yogyakarta, Indonesia. The eight inbred lines of sweet corn (Table 1)
were grown in Randomized Complete Block Design in three replications. Optimum growing conditions were
applied. Prior to sowing, 2,000 kg/ha organic manure was added in the soil; 150 kg/ha nitrogen and 150 kg/ha
nitrogen NPK was side-dressed at 5 and 21 days after planting; 100 kg/ha phosphate (P,Os) and potassium (K)
were applied at 21 and 37 days after planting, respevtively.

Table 1. List of sweet corn inbred lines

Name Inbred lines identity

ANP-A AN 6/15-8-6-1/2-1/4-1/1-1/5
ANP-B AN 4/5-10-8-1/4-1/3-1/1-1/1
ANP-C AN 6/6-9-17-1/2-1/1-1/2-1/6
ANP-H AN 13/1-7-20-1/1-1/1-1/3-1/1
ANP-K AN 4/5-10-26-1/1-1/2-1/3-1/4
ANP-R AN 7/4-4-29-1/1-1/1-1/2-1/1
ANP-S AN 6/6-9-17-1/4-1/1-1/2-1/4
ANP-T AN 7/4/3-5/1-2/2-1/3-1/4-2/3

Recorded data of the eight parental inbred lines consisted of days to anthesis and days to silking (days), plant
height (cm), ear height (cm), ear diameter (cm), ear length (cm), number of rows per ear, number of kernels per
row, ear weight (g) and total soluble solids (°brix).

In the second experiment, diallel crosses was made for the eight inbred lines by using the Griffing Method 1. The
seeds of each combination of crosses and reciprocal were considered as hybrid, which were 56 F; hybrids in total.
All hybrids and parental were evaluated by using RCBD in three replicates. Each replication consisted of 64
experimental units, each consisted of eight plants with spaces between and within rows of 80 cm and 25 cm,
respectively.

Data of 10 characters of eight inbred lines were used to determine morphological genetic similarity between the
inbred lines by applying the Minitab” software for cluster analysis. On the other hand, diallel analysis was
applied to hybrid data for estimating the specific combining ability. Diallel analysis used SAS 9.3 for Windows"
64 bit with the procedure PROC SQ1 macro program as described in Zhang et al. (2005). Best parent heterosis of
hybrids was calculated based on the best parent as described by Fehr (1987), as follows:

-BP (1)

F1
Heterosis best parent = —Bp % 100%

Where, BP is the mean value of the best parent.
3. Results and Discussion

The analysis of varians showed that the SCA variance were significant for all of the characters (Table 2). It
indicated that all characters were controlled by non-additive genes. The reciprocal cross was also significantly
different. Similar results have been reported by Iriany et al. (2011) for ear weight and ear length; Beyene et al.
(2011) for grain yield, days to anthesis and plant height; Olakojo and Olaoye (2005) for ear weight, plant height,
days to anthesis and days to silking; Malik et al. (2004) for plant height and days to anthesis.

The significant SCA effect indicated the significant deviation of specific crosses from the average performance
of their parents (Hallauer et al., 2010). SCA values of the days to anthesis and days to silking, and plant height
were significantly negative. It implied hybrids with early maturity and shorter plant and indicated shorter
duration of sweet corn production. In B x C hybrid, the best SCA (-1.46) values were the days to anthesis and
days to silking. Whereas in T % K hybrid, the best SCA was the plant height (-24.11) (Table 3). The Bx Cand T
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x K were promising hybrids, each for its early maturity and short plant, respectively. The best SCA for ear length
and weight (Table 4) (2.16 and 38.72, respectively) were in K x T hybrid; while in R x H hybrid, the best SCA
was the TSS (1.23). Vasal et al. (1992) suggests that positive SCA effects indicate that lines are in opposite
heterotic groups while negative SCA effects indicate that lines are in the same heterotic group.

Heterosis was the appearance of hybrid superiority compared with the two parents (Fehr, 1987). The breeder
strive to obtain the shorter characters of days to anthesis, days to silking and plant height as indicated in the
negative heterosis value of the hybrid. On the other hand, high heterosis values of economical characters, such as
ear length, ear weight and TSS, were very much desirable. The result showed that the best heterosis for days to
anthesis (Table 5) was -7.40% in T x B hybrid. This finding implied that the earliest male flower matrity was in
TxB hybrid, which was 7.40% faster. This indicated the shorter of days to silking (Table 5) than its best parental

(©).

Table 2. Analysis of variance diallel

Mean square

Source of variance df DA DS PH AL W TSS
Replication 2 3.32%%* 3.32%* 51.72™ 1.41™ 928.46™ 31.73%*
Hybrids 55 5.49%%* 5.49%* 976.48** 8.45%* 3884.51%* 3.65%*
SCA 28 4.32%%* 4.32%% 879.91%* 8.24%* 6057.50%* 3.41%*
Reciprocal 28 5.21%* 5.21%* 798.33%* 7.20%* 2266.80** 3.55%*
Error 126 0.43 0.43 193.15 0.52 518.01 1.74
cv©®%) 16l 153 677 401 1334 948

Note. DA: days to anthesis; DS: days to silking; PH: plant height; EL: ear length; EW: ear weight; TSS: total
soluble solids; ns: not significant; * and **: significant at P-value < 0.05 and P-value < 0.01, respectively; CV:
coefficient of variance.

Tabel 3. SCA estimation of 56 hybrids for days to anthesis, days to silking and plant height

Hybrid A B C H K R S T
A 245" -0.53" 0.27 -0.03 0.02 -0.65" -0.927
245" -0.53" 0.27 -0.03 0.02 -0.65" -0.92"
-6.13 0.90 8.14 7.40 9.67 5.12 20.327
B 3337 1467 17T 013 008 1267 036
3.33" -146~ -1.177 -0.13 0.08 -1.26™ -0.36
-10.22 7.79 6.03 15.12" 12.11° 8.45 -2.85
c 0677 067 .02 . 028 073" 027 049"
0.67" 0.67" 1.02" -0.28 -0.73" 0.27 0.49
-1.72 -9.00 16.12" 9.43 -1.19 0.04 931
H 017  -1337 017 018 056 006 038
-0.17 -1.33" -0.17 0.18 0.56" 0.06 -0.38
3.39 13.00° -6.78 -5.94 2.88 -6.22 -12.02°
KT -1.007 050 067 7T T s 043 016
-1.00™ 0.50 0.67" 1.177 -0.57" 0.43 0.16
6.83 13.50° 17.95™ -20.337 -12.69° -4.08 1.12
R 050 017 033 1.00° 000 0977 037
-0.50 -0.17 -0.33 1.00” 0.00 0.97" 0.37
11.61° 6.89 1.94 5.56 0.28 -10.69° 15.62°
s 017 1177 1007 050 067" 000 020
-0.17 -1.17" 1.00" -0.50 0.67" 0.00 0.20
19.28" 25.89" -1.72 -9.33 1.11 -4.56 371
T 017 000 017 067 - 033  -1.007 7
0.17 0.00 0.17 -0.67" -0.33 -1.00™ 1.177
-15.28" 3.17 -6.83 0.11 24117 -3.56 9.56

Note. For each crosses, first row: days to anthesis, second row: days to silking; third row: plant height; * and **:
significant at P-value < 0.05 and P-value < 0.01, respectively.
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The heterosis of plant height in R x S hybrid of -8.80% was the lowest (Table 5). The plant height of R x S
hybrid was 8.80% shorter than its best parent (S). The best heterosis of T x H hybrid (Table 6) was the ear length
i.e. 41.98% (21.10 cm), indicating that T % H height was shorter than the best parental (S). While in B x S hybrid
(Table 6), the best heterosis was the ear weight i.e. 157.12% (221.33 g).

Most hybrids showed positive heterosis that indicated the existence of heterosis effect in the hybrids
performance. Among all the traits, the highest heterosis (157.12%) was the ear weight, which was in accordance
with other reports in maize (Saleh et al., 2002; Legesse et al., 2008). The heterosis value of ear weight was
classified in the type of over-dominant genes action (Hallauer et al., 2010).

Tabel 4. SCA estimation of 56 hybrids for ear length, ear weight and total soluble solids

Hybrid A B C H K R S T
A 0.50 0.73" 0.47 0.55 -1.317 0.46 0.28
1.90 29.727 5.82 8.70 -8.01 11.86 25757
-0.01 -0.31 0.18 0.57 0.19 0.25 0.08
‘B 1T 0937 027 058 - 015 036  -056
-19.78" 5.89 22.26" 25.59" 27.49" 23.86" -9.36
-2.08" -0.22 -0.32 -0.04 -0.46 -0.12 0.54
cTTTT 042 020 T 043 032 1507 028 1467
11.89 -4.44 23.63" 0.29 19.80° 27.50" -35.937
-0.38 0.57 0.1 0.51 0.81 0.73 -0.97
‘H 0907 029 081" 058 037  -095" 167
15.33 -10.94 35.83" 5.56 -13.44 -10.07 -0.95
0.58 0.21 0.31 0.11 1.03" 0.02 1.10"
KT 12T 1197 2087 T 0937 T 0877 013 2167
9.06 -12.56 32.89" -30.05" 22717 -1.90 38.72"
0.83 -0.25 0.01 0.05 -0.88 0.03 0.39
RO 61T T 036 1467 037 8™ T 1167 134T
-28.95™ -0.17 -22.55" 8.00 11.67 13.33 31.45™
-1.17 -0.46 -0.71 1.237 -0.05 0.90 0.38
s 055 116 1407 0.07 - 0947 037 017
6.22 29.50" 17.67 -19.78" -1.56 5.17 5.48
-0.10 -0.51 0.25 -0.48 0.22 0.54 -0.07
T 010 1017 008 . 2267 002 086"  -0.16 7
2.11 -21.39° -14.67 -39.00" -24.94™ 8.83 8.72
0.16 1.08 0.37 -1.92" -0.89 0.42 0.31

Note. For each crosses, first row: ear length, second row: ear weight; third row: total soluble solids; * and **:
significant at P-value < 0.05 and P-value < 0.01, respectively.

Heterosis and SCA are the two most important variables in hybrid studies. Both are estimated following the data
of F1 hybrid evaluation. When there are so many F1 combinations, significant resources are allocated for F1
hybrid performance evaluation. In maize, Kiula et al. (2008), Legesse et al. (2008), and Suwarno et al. (2014)
found the correlation between genetic similarity and hybrid performance and SCA. The crosses between parental
inbred lines that have low similarity will produce F; hybrid that have a higher heterosis than the lines with high
similarity (Iriany et al., 2011). It implied that genetic similarity could be used as predictor of hybrid
performance.

Similarity coefficient of B and S was 63.68% (Table 7). It was also presented in the hybrid T x B and C x B
whose best heterosis was for days to anthesis and days to silking. High heterosis values in the three hybrids were
allegedly due to low similarity between parental inbred lines and differences of heterotic groups. Suwarno et al.
(2014) explains that the hybrids which resulted from crosses of two inbred lines and different heterotic group
will have a high heterosis level.

Cluster analysis was used to classify the inbred lines into several classes by grouping criteria based on the
similarity of morphological characteristics (Nisya, 2010). Similarities between lines can be determined by
similarity coefficients, whereas the greater value of the coefficient indicates more similarity between lines and

248



jas.ccsenet.org Journal of Agricultural Science Vol. 9, No. 3; 2017

the other (Mattjik & Sumertajaya, 2011). Value of 62.28%-100% in the dendrogram (Figure 1) shows the scale
based on similarity coefficients. Inbred lines were divided into three groups based on similarity coefficient of
70% (Figure 1). The group I consisted of lines A, H, K, R, S and T; while group II and III only consisted of lines
B and C, respectively. It implied that B and C lines had least similarity to others indicating their highest genetic
distance to others.

Dendrogram
Single Linkage, Eiclidean Distance

62.28
I 1l 111
70.00 !=reressesesassssassssssasassssssasssssssessansasasansnnanasbunazanas -
> 7485
=
s
E
@
87.43
100.00
A K H T R S B c
Inbred Lines

Figure 1. Dendrogram of genetic relationship among 8 sweet corn inbred lines revealed by Euclidean cluster
analysis based on six morphological traits

Table 5. Heterosis estimations of 56 hybrids for days to anthesis, days to silking and plant height

Hybrid A B C H K R S T
A 18.02 1.62 2.23 -1.36 1.94 -1.09 -0.84
17.18 1.55 238 -1.57 1.59 -0.78 -0.79
15.94 20.15 29.70 29.00 28.86 38.41 31.81
B 13 236 168 414 504 248 082
1.55 -2.25 -1.59 3.95 4.79 -2.35 0.78
28.86 18.09 30.58 33.88 35.28 39.86 25.49
c 192 524 418 139 000 414 08
-1.57 -5.26 3.97 1.58 -0.01 3.95 0.78
22.33 28.45 20.65 28.84 2046 14.84 11.64
H 305 500 so0 390 028 08
3.17 476 4.76 3.97 5.59 0.00 -0.79
25.42 15.70 28.45 -6.54 13.22 -2.92 3.55
K 332 139 -Le4 40 000 248 000
4.79 3.19 -0.01 -0.81 -0.01 3.9 1.59
20.36 18.44 8.18 15.43 5.40 6.54 0.54
R 418 587 139 L -9t 418 ] L
3.99 5.59 1.59 0.79 -0.01 3.9 0.79
14.19 27.40 18.23 7.50 5.10 -8.80 9.21
s 000 332 0.8 250 - 055 418 414
0.01 3.16 -0.78 238 -0.78 3.99 3.95
14.04 10.24 16.82 6.70 5.34 -4.58 2.86
T 165 740 262 223 .66 560 -led
-1.57 0.78 0.01 238 1.58 5.59 -1.57
51.12 21.87 19.50 3.44 26.59 12.54 -6.09

Note. For each crosses, first row: days to anthesis, second row: days to silking; third row: plant height; value
with bold: best heterosis for each trait.
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Inbred lines in one group had a close resemblance relationship (Albrecht et al., 2010; Aguire & Cabrera, 2012).
The results of grouping were useful as a reference for determining the inbred lines as a pair of parent to produce
hybrid. Parental pairwise which came from different groups or either with smallest similarity or greatest genetic
distance potentially generated hybrids with high heterosis. Group III (C line) and Group II (B line) showed the
lowest coefficient of similarity than other groups by i.e. 62.28% and 63.68%, respectively.

In field corn, breeding for hybrid varieties is a well-recognized approach to yield increment through the heterosis
exploitation. The role of genetically divergent germplasm is of primary importance for the phenomenon of
heterosis to occur. Such phenomenon has been reported repeatedly where genetically unrelated parents will have
better cross performance (Hallauer et al., 2010; Saleh et al., 2002).

The ability to provide similarity measures between the inbred lines that reflect pedigree relationship ensures a
more stringent evaluation of the adequacy of morphological data. The fact that minimum similarity revealed
between inbred lines with unrelated pedigree is a good indication conferring the ability of the two distance
measures to distinguish between sweet corn inbred lines (Legesse et al., 2007). Morphological traits are useful
for preliminary evaluation because they are fast, simple, and can be used as a general approach for assessing
genetic diversity among morphologically distinguishable accessions (Yoseph et al., 2006).

The result of this experiment showed significant correlation between heterosis and genetic similarity in all the
traits, except in the plant height. Morphological similarity with SCA showed highly significant correlation
(negative) for the days to anthesis (-0.67) and the days to silking (-0.71), The positive correlation of SCA and
genetic similarity in total solubled solids was 0.59, indicating that the days to anthesis and the days to silking
were in accordance with the theory of heterosis effect. While the positive correlation between similarity and
heterosis/SCA was opposite to the heterosis established theory.

Table 6. Heterosis estimations of 56 hybrids for ear length, ear weight, and total solubled solids

Hybrid A B C H K R S T
A -0.29 15.14 15.74 18.56 -9.95 11.31 14.68
67.80 94.02 41.19 81.64 6.72 93.64 59.09
-19.69 -3.05 17.17 13.92 1.42 9.60 8.35
B 2074 1565 727 050 1228 1826 572
110.19 63.02 37.88 82.32 61.98 157.12 17.61
9.43 3.21 0.14 -5.03 -5.80 -9.08 10.47
c 1013 ] 1805 1230 1548 1131 1938 165
72.82 70.94 75.06 79.16 39.42 91.44 3.41
2.74 -7.89 11.88 8.38 9.14 10.13 228
H 438 384 265 0.74 806 390 .55
18.28 54.22 21.52 0.93 23.18 -1.72 0.93
7.83 2.72 7.24 11.06 33.70 7.83 6.79
X 276 1452 924 1329 574 253 3040
63.21 107.86 37.56 45.84 20.73 53.50 41.68
1.16 -1.54 8.23 10.29 2.24 5.49 3.94
R 879 806 2827 378 807 1798 2041
52.64 62.24 75.20 11.23 223 45.59 70.69
19.84 0.63 19.88 14.33 3.02 20.94 19.11
s 488 462 285 3.06 8ss 1371 508
80.30 97.51 59.95 27.83 56.66 37.39 43.41
11.26 -2.03 6.32 15.50 2.09 12.44 8.74
T 1343 1680 067 4198 3063 1144 691
55.80 50.95 26.27 59.20 80.57 56.92 29.81
5.85 -4.54 -3.35 36.66 17.71 12.48 3.90

Note. For each crosses, first row: ear length, second row: ear weight; third row: total soluble solids; value with
bold: best heterosis for each trait.
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Table 7. Estimates of genetic similarity (%) based on morphological data for all pairwise combinations of eight
sweet corn inbred lines

Inbred lines B C H K R S T

A 63.68 62.28 71.51 82.04 70.74 70.64 71.51
B 62.28 63.68 63.68 63.68 63.68 63.68
C 62.28 62.28 62.28 62.28 62.28
H 63.68 70.74 70.64 75.86
K 70.74 70.64 71.51
R 70.64 70.74
S 70.64

Table 8. Pearson correlation coefficient of genetic similarity with specific combining ability (SCA) and heterosis
for morphological traits

Morphological traits

Parameters

DA DS PH EL EW TSS
SCA -0.67" -0.717 0.23 0.28 0.27 0.59"
Heterosis -0.68" -0.65" 0.31 0.42" 0.68"" 0.41™

Note. * and **: significant at P-value < 0.05 and P-value < 0.01, respectively; DA: days to anthesis; DS: days to
silking; PH: plant height; EL: ear length; EW: ear weight; TSS: total soluble solids.

The correlation coefficients of morphological similarity with heterosis and SCA of agronomic traits were the
most significant. It indicated that the similarity measures could be effective to predict the heterosis and SCA
effects in the set of materials studied. Similar results were previously reported by Betran et al. (2003), a highly
significant correlation (r = 0.80) between genetic similarity and SCA effects in tropical maize inbreds grown
under stress and non-stress environments. Melchinger (1999) and Betran et al. (2003) suggested that hybrid
performance and heterosis can better be predicted when genetic similarity is smaller than a certain threshold,
depending on the germplasm under consideration. Melchinger et al. (1990) noted that the level of correlations
between genetic similarity to SCA and heterosis depend on the germplasm used.

In conclusion, the ear weight had the highest heterosis among all the traits studied, whereas negative heterosis
was for days to anthesis and silking. The desirable heterosis for hybrids development was observed based on its
ear weight and earliness of maturity. Either smaller genetic similarity or bigger genetic dissimilarity among all
the inbred lines studied could be the indicators for bigger potency of heterosis, SCA and used for predicting
hybrid performance of the days of anthesis and the days of silking. Otherwise, the total soluble solid showed
positive correlation between genetic similarity and heterosis and SCA that probably expressed the additive genes
control.
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