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Abstract

Wheat production in Indonesia is directed to areas of medium elevation areas (400-800 m above sea level) with
average temperature higher than the optimum temperature for wheat. The objective of this study is to obtain
information of the effect of genotype x environment interaction on the performance of elite wheat breeding lines
under two agro-ecosystem differing in elevation. The study was conducted at Bogor Region, West Java at 600 m
above sea level and at Malino, South Sulawesi at 1600 m above sea level. The genetic materials evaluated were 25
elite lines derived from a cross of Oasis x HP1744, the two parental lines Oasis and HP1744, and four national
varieties. The results showed that there is an effect of genetic x environment interaction on performance and
variability of yield, protein and fat content of the elite wheat lines. A total of 18 lines showed higher potential yield
at high elevation agro-ecosystem and 5 lines (O/HP-14-A19-1-8, O/HP12-A-25-3-7, O/HP-14-a10-2-10, O/HP14-
A10-3-3 and O / HP-12-A-23-1-10) showed similar yield potential in high elevation and medium elevation agro
ecosystem. Most lines showed elevated protein content under high temperature at medium elevation, but 2 lines

showed little changes in the protein content under high temperature condition.
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Introduction

The demand for wheat in Indonesia is increasing each
year due to rapid increase in wheat flour based food
industries. In addition to carbohydrates, protein and fat,
wheat also contain various beneficial phytochemicals
namely saponins, phytosterol, aqualen, orisanol and
tolotirenol that can lower cholesterols (Erwidodo et al,
2004). Wheat contains many proteins, but the most
important is glutein. In 2016 Indonesia imported a total
of 8.04 million tons of wheat (FAO, 2016). According to
Sastrosoemarjo et al. (2004), in Indonesia wheat can
only grow in high elevation areas (> 1000 m above
sea level) because wheat requires growing
environment with temperature of 10-25°C and rainfall
of 350mm - 1250mm per year. However, wheat
production in Indonesia should be directed to lower

elevation as not to compete with horticultural crops.

The constrain of wheat production at lower elevation in
Indonesia is the unsuitable agro climatic condition of
medium to lower elevation areas and the lack of wheat
varieties adapted to high temperature and humidity of
the tropics. Bogor Agricultural University has conducted
wheat breeding program through hybridization of
introduced lines to develop high yielding wheat lines
adapted to high temperature and high humidity of the
tropics since 2009 (Natawijaya, 2012).

The difference agro ecosystem between medium
elevation and higher elevation areas may resulted in
genetic x environment interaction which will
complicate selection of high yielding and stabil wheat
lines. Althahuish et al. (2014) reported the presence
of genotype x environment interaction on the
performance of introduced wheat lines in two agro
ecosystem in Indonesia. In addition to yield potential,
protein content of wheat and other nutritional
content is also influenced by the environment (Triboi
et al, 2003). The effect of genotype xenvironment
interaction on performance of wheat lines should be
studied when developing wheat varieties for
adaptation to tropical agro ecosystem in Indonesia
(Nur et al, 2014). This paper reported the study on
the effect of genotype x environment interaction on
the performance of agronomic characters and
nutritional content of elite wheat lines in medium and

high elevation areas in Indonesia.

Materials and methods

Place and time of research

The study was conducted from May 2015 to February
2016 in two locations with different elevation at Cisarua,
Bogor Regency, West Java at 600 m above sea level and
Malino, South Sulawesi at 16doo m above sea level. The
average temperature at Cisarua, was 27.7°C and at

Malino the average temperature was 20.1°C.

Genetic materials

The genetic materials were 25 elite wheat lines from a
cross of Oasis x HP1744, the two parental lines Oasis
and HP1744, and four national varieities Guri1, Guri

2, Selayar and Dewata.

Research methodology

At each location, the experiment was conducted in a
Randomized Complete Block Design with three
replication, in which the lines were fix factor and the
locations as random factors. Each experimental unit
was a 1 x 1.5 m plot. The cultivation was conducted as
standard cultivation. Observations were conducted on
agronomic characters of plant height, maturing date,
number of seed per culm, and yield potential. The lines
were harvested according to their maturing dates.
Analysis of nutritional content was conducted on
protein content, fat content and carbohydrate content
(Danuarsa, 2006) at the Laboratory of the Department

of Food Science, Bogor Agricultural University.

Data analysis

The data were analyzed using the software SAS
version 9.0 for analysis of variance for separate
experiment with F test at 95% confidence level. After
test for homogeneity of variance, a combine analysis
of variance was done in a Randomized Complete
Block Design to determine the effect of location and
its interaction with genotypes (Sigh and Chaudhary
1979, Gomez and Gomez 1995). The phenotypic
(o2p), genotypic
environmental variance (02.), and the variance of the

variance variance(02g),
interaction (02cL) were determined from the partition
of the expected mean square as follows : 02p = 02 +
02%ge/€ + 0%gm/m + 02/rl; 025 = Mg—Mg)/1l; 025 =
(Mg—Mga)/r; 0% = Mga and the hertitability of the
broad sense were estimated as follows h2ps) = (02c/

02) x 100% (Halluer and Miranda, 1995).
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Results and discussion

The result of analysis showed significant effect of
genotype and location on plant height (Table 3). At
the same elevation, plant height varied between
wheat lines. In the medium elevation Cisarua there
were lines that showed a higher growth than the
average of control varieties namely, O/HP-12-A25-3-
7, O/HP-78-A2-5-2, O/HP-12-A25- 2-6, O/HP-82-
A15-2-3 and O/HP-12-A23-1-10, whereas at high
elevation in Malino only line O/HP-78 high-A2-5-2
shows the performance that exceeds the control

varieties.

At high elevation with lower temperature, the wheat
lines have average height of 67.40 c¢cm, while in the
medium elevation was only 51.86 cm. This is partly
due to the difference in temperature at both locations.
The growth of wheat lines in the medium elevation
with an average temperature of 27.7 © C experienced
high temperature stress. The difference in
temperature greatly affect the height of wheat plants.
Wheat requires growth environment with a
temperature range of 100C-250C. Higher
temperature causes an increase in cellular respiration

resulted in shorter plant height (Thsan et al., 2007).

Table 1. Analysis of variance and mean squared for agronomic characters of introduction wheat in each location.

Source DF MS Expected MS
Repeat r-1

Lines g-1 MS: 02 + 10%
Error (g-1) (r-1) MS. 02

r = repeat, g = lines amount, 02 = Variance of lines, 02 = Error variance

Table 2. Analysis of error combination between location and random model lines.

Source DF MS Expected MS
Locations (1) I-1 M 02 + g 02r/1+ gr 02
Repeat/Locations 1(r-1) Must 02 + g 021

Lines (g) (g-1) Mg 021+ I 02 + 1l 0%
Lines x Locations (g-0(-1) Mg 02 + I 0%

Error 1(g-1)(r-1) Mga 02

02 = Variance of lines, 02g = Variance interaction, 62 = Error variance.
g g

Table 3. Variance of wheat lines derivated from crossing and national varieties in two environments.

Plant Height (cm) Maturing date (days)
Lines Cisarua Malino Cisarua Malino
X +8D X +8D X +8D X +SD
O/HP-12-A28-5-1 50.2 £ 1.1 68.3+3.6 93.3+ 0.5 113.0 £ 12.2
O/HP-78-A-29-3-3 53.9+5.8 690.3+2.3 93.0 £ 0.0 106.6 + 8.62
O/HP-82-A-15-1-4 48.5+ 7.0 68.4£6.5 93.3+ 0.5 108.3 £ 11.3
O/HP-78-A2-2-5 47.6 £ 3.8 66.9 £ 2.7 93.0 £ 0.0 114.3 £ 13.4
O/HP-12-A1-1-9 53.2+5.9 67.3+0.6 93.3+ 0.5 112.6 + 11.8
O/HP-78-A22-3-7 47.8 £ 2.4 66.4 £ 1.9 93.0 £ 0.0 118.3 £ 2.8
O/HP-78-A22-5-10 52.4 + 6.0 66.2 + 1.0 93.3+ 0.5 114.0 £ 13.0
O/HP-6-A8-2-10 54.2 £ 5.7 68.3+£3.0 93.3+ 0.5 112.3 £ 11.5
O/HP-22-A27-1-10 52.1+2.9 66.5 £ 1.7 93.3+ 0.5 118.6 £ 2.0
O/HP-93-A1-1-3 53.4+5.8 69.4+2.2 93.0 £ 0.0 115.0 £ 8.7
O/HP-14-A19-1-8 54.7 £ 3.3 63.2+2.3 93.3+ 0.5 119.6 £ 2.0
O/HP-12-A5-4-5 50.0 + 6.4 70.9 £ 0.2 93.3+ 0.5 112.6 + 12.1
O/HP-12-A25-3-7 55.3+6.4 68.1+0.7 93.3+ 0.5 111.6 £+ 11.1
O/HP-82-A7-2-6 52.4+5.4 65.1 £ 0.8 93.0 £ 0.0 117.6 £ 2.8
O/HP-49-A1-1-4 49.5+ 3.9 68.5+1.7 93.0 £ 0.0 111.0 £ 10.4
O/HP-78-A2-1-9 48.0 £ 0.8 68.1+£3.4 93.3+ 0.5 110.6 £ 11.0
O/HP-14-A21-5-7 50.8 £ 3.2 65.7 £ 3.7 93.0 £ 0.0 113.0 £ 12.1
O/HP-14-A10-2-10 50.6 £ 5.7 64.4 £ 1.0 93.3+ 0.5 118.3 £ 5.5
O/HP-78-A2-5-2 55.1+ 6.8 72.3 £ 2.0 93.0 £ 0.0 119.3 £ 1.1
O/HP-12-A25-2-6 55.7 £ 7.1 67.5+1.4 93.3 £ 0.5 113.0 £ 7.5
O/HP-14-A10-3-3 50.4 £+ 6.1 65.6 £ 0.7 93.3 £ 0.5 118.6 + 2.0
O/HP-82-A15-2-3 54.8 £ 4.1 67.9+1.7 93.0 £ 0.0 118.6 + 3.0
O/HP-93-A3-1-9 46.2 £ 0.7 65.9 + 4.6 93.0 £ 0.0 111.0 £ 10.4
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Plant Height (cm) Maturing date (days)

Lines C_isarua Malino C_isarua l\ialino
X +SD X +SD X +SD X +SD

O/HP-12-A23-1-10 60.3+6.4 65.1 £ 2.4 93.0 £ 0.0 119.3 + 2.3
O/HP-12-A1-2-2 48.7 + 1.7 68.4 + 1.6 93.3 + 0.5 106.0 £ 7.5
Guri1 55.0 £ 5.8 70.5 + 4.7 93.3 + 0.5 119.3 + 3.0
Guri 2 52.2 + 8.7 66.5 + 0.8 93.0 £ 0.0 122.6 + 2.5
Selayar 56.9 + 1.8 71.0 £ 2.7 93.3+ 0.5 108.0 + 10.8
Dewata 57.4 7.4 78.0 £ 2.9 93.3+0.5 123.0 £ 0.0
Oasis 53.8 +£9.6 73.7 £ 3.2 93.3+ 0.5 114.3 + 8.0
HP1744 53.2 £ 4.5 70.2 £ 0.5 93.3+£0.5 108.6 £ 11.9
X' Comparison 54.7 £ 2.0 71.6 £ 3.8 03.2 + 0.1 116.0 + 6.7

The genotypes does not affect the maturing dates of
wheat lines but the different elevation significantly
affected the maturing date wheat lines. The maturing
date wheat lines in the high elevation of Malino was
longer than harvesting in the medium elevation of
Cisarua. Higher temperatures in the tropical lowlands
leading caused earlier maturing dates introduced wheat
lines (Altahuish et al. 2014). The different elevation also
significantly influenced the character of the number of
grains per panicle. In the higher elevation of Malino, the
number of grains per panicle was higher than in the
medium elevation of Cisarua. Altahuish et al. (2014)
reported that the number of grains per panicle of
introduced wheat lines grown in lowland Indonesia only

half of those grown in the higher elevation.

Genotype x environment interaction effects the
performance wheat elite lines tested. There are
differences in the performance of a line at the two
agro-ecosystem. There are 18 strains of with potential
yields medium elevation of Cisarua with higher
temperature compared with the highlands and only
two line that have potential yield not different in both
altitudes. Subagyo (2001) reported that in the tropics,
production of wheat in the highlands are better than
the medium or low elevation. In this study there were
five strains that showed good adaptation in the
medium elevation with a higher yield than in the
highlands, namely O/HP-14-A19-1-8, O/HP12-A-25-
3-7, O/HP-14-a10-2-10, O/HP14-A10-3-3 and O/HP-
12-A-23-1-10 (Table 4).

Table 4. Variance of wheat lines derivated from crossing and national varieties in two environments.

Number of seed per culm Yield potential (ton ha)

Lines C_isarua Malino C_isarua Malino

X +8D X +8D X £SD X £SD
O/HP-12-A28-5-1 20.9 + 2.6 411+ 7.6 2.0 £ 0.04 2.6 £ 0.5
O/HP-78-A-29-3-3 33.4+3.6 45.3 £ 0.6 2.1+ 0.33 2.4 £ 0.0
O/HP-82-A-15-1-4 31.1+3.2 41.0 £ 2.5 2.3 £ 0.40 2.6 £ 0.6
O/HP-78-A2-2-5 28.3+3.1 33.8+ 09 1.9 £ 0.19 3.1+ 0.8
O/HP-12-A1-1-9 30.6 £ 5.0 43.1+ 6.8 2.3+£0.39 2.9+ 0.7
O/HP-78-A22-3-7 28.0+ 3.4 46.3 £1.7 1.9 £ 0.13 3.3+0.2
O/HP-78-A22-5-10 28.8 + 1.3 45.8 £1.9 2.1+ 0.40 2.8+0.1
O/HP-6-A8-2-10 32.4+2.2 45.9 £ 3.0 2.5+ 0.51 2.7+ 0.4
O/HP-22-A27-1-10 32.2+ 3.0 49.3 £ 2.6 2.2 £ 0.12 3.9+ 0.3
O/HP-93-A1-1-3 31.8 £ 5.0 43.2 + 4.5 2.3 +£0.19 2.9+ 0.7
O/HP-14-A19-1-8 28.3+£ 6.0 40.0 £ 5.9 2.2 £ 0.19 1.6 £ 0.1
O/HP-12-A5-4-5 20.6 + 4.9 46.3+7.4 2.2 £ 0.41 3.2+ 0.1
O/HP-12-A25-3-7 31.4 £ 2.9 43.0 £ 3.6 2.0 £ 0.2 1.8 £ 0.0
O/HP-82-A7-2-6 30.1+ 4.5 41.4 £ 4.8 2.0 £ 0.2 2.2+0.2
O/HP-49-A1-1-4 20.3+ 5.5 40.1+5.7 1.9 £ 0.0 2.8+ 0.3
O/HP-78-A2-1-9 31.3+1.2 44.6 £ 0.7 2.1+ 0.1 2.6 £ 0.3
O/HP-14-A21-5-7 20.3+29 41.7 £ 1.0 2.2+0.2 2.6 £ 0.2
O/HP-14-A10-2-10 27.6 £ 5.1 45.9 £ 2.8 2.4+04 1.9 £ 0.0
O/HP-78-A2-5-2 32.2+1.9 368 £1.7 2.4+0.6 2.6 £+ 0.4
O/HP-12-A25-2-6 32.6 £ 2.8 45.3 £ 5.4 2.2+0.2 2.5+ 0.3
O/HP-14-A10-3-3 290.8 + 4.6 42.4+ 0.4 2.1+0.1 1.9 £ 0.2
O/HP-82-A15-2-3 32.2+0.5 47.2+ 6.4 2.2+0.7 3.2+0.6
O/HP-93-A3-1-9 27.8 +2.5 43.7 £ 6.0 2.1+ 0.2 2.9+ 0.2
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O/HP-12-A23-1-10 32.3+1.8 48.9 £ 4.5 2.3+ 0.6 1.7+ 0.4
O/HP-12-A1-2-2 30.2+2.4 43.7 £ 2.7 2.3+0.4 2.7+ 0.4
Guri 1 32.0 + 4.0 47.2 £ 5.5 2.0 £ 0.2 2.7+ 0.4
Guri 2 31.9+1.2 48.7 £ 4.3 2.3+0.3 2.2+0.1
Selayar 33.2+2.1 46.3 £ 2.6 2.2+0.3 3.3+ 0.0
Dewata 35.9 £ 8.1 48.4+£ 6.6 1.9+ 0.2 2.3+0.2
Oasis 31.7 £ 4.0 49.4 + 4.6 2.2+ 0.0 3.9+0.1
HP1744 32.2+ 3.5 47.5 £ 2.8 2.0 £ 0.3 2.8 £ 0.0
X Comparison 32.8 £ 1.5 47.9 £ 1.1 2.1+ 0.1 2.9 £ 0.6

There are changes in the ranks of lines at medium
elevation compared to higher elevation. At medium
elevation the line O/HP-12-A23-1-10 showed the
highest yield potential of 2.37 ton ha-1, but at higher
elevation of Malino, line O/HP-78-A2-2-5 has the
highest yield potential of 3.14 ton ha-1. The change in
rank of lines in the two environment indicated that
the forms of interaction that occurs is a qualitative
interaction where growing environment greatly
affects the yield potential, and selection should be
made for specific location. Genotype x environment
interaction effects was also observed on the
evaluation of introduced wheat lines in Indonesia by
Nur et al. (2012) and Altahuish et al. (2014).
Handoko et al. (2008) states that the plants are
sensitive to temperature changes, such as wheat, very
sharp decline in the harvest if the crop is planted at

lower altitudes with higher temperatures.

The effect of genotype xenvironment interaction was
significant on fat and protein content, but not on the
carbohydrates. For 13 lines the fat content was higher
when grown at higher elevation, but 6 lines showed
hunger fat content at medium elevation. There are 5
lines that showed similar fat content in the two
elevations. There is a change in the ranking of content
level in Cisarua and Malino, which shows the
genotype x environment interaction qualitatively. The
fat content of line O/HP-12-A1-1-9 in Cisarua was
2:17% but in Malino was only 1:40%. In Malino, the
line O/HP-78-A22-5-10 has a fat content of 2:03%
but in Cisarua only 1:55%. The carbohydrate content
of wheat lines were affected by locations. The
carbohydrate content was higher when the lines were
grown in high elevation in Malino compared to when
grown in medium elevation. The protein content is
also affected by genotype x environment. The highest
increase in protein content was observed in line
O/HP-12-A28-5-1 at 47.28%.

Two lines showed the lowest increase in protein
content, namely O/HP-12-A5-4-5 with a value of
7:26% and O/HP-93-A3-1-9 amounted to 9.94%.
Douglas et al. (2001) suggest that the protein was
significantly correlated to environmental factors, as
well as carbohydrate content. High temperature after
flowering reduce the levels of starch and have a
significant effect on the size distribution of starch
granules in wheat kernels (Panozzo and Eagles 1998;
Viswanath and Khanna-chopra 2001; Chinnusamy
and Khanna-Chopra 2003; Hurkman et al., 2003;
Zhao et al. 2008). The grain of wheat that have a high
protein content has a size smaller than a grain of
wheat that contain lower protein levels, not just the
size of the starch granules, but also the protein
component is very sensitive to extreme weather
conditions (Zhao et al., 2009). Differences in the
content of proteins thought to be caused by changes in
temperature ahead of the grain to be old, that
disturbed seed formation. Thus, the portion of the
protein that has been formed since the beginning of the
development of the seed becomes larger than a grain of
wheat if fully developed. It is based on the fact that the
seed samples containing high protein wheat is small
and somewhat shriveled. It was shown by Zhao et al.
(2009) that the protein component is very sensitive to
drought during the grain filling. High temperature
stress has a greater influence on starch accumulation in
the middle phase than in the initial phase in the grain
filling (Yan et al., 2008).

Heritability values are classified into three criteria:
low heritability (h2 <0.2), moderate heritability (0.2
<h2 <o0.5), and high heritability (0.5 <h2<1.0).
Genetic parameters of agronomic and nutritional
content of wheat lines (Table 8) shows the heritability
of agronomic characters in the high elevation of
Malino there are two characters that have a high
heritability values, ie the number of grains per panicle

(51.39) and crops (86.64).
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According to Lopez et al. (2012), plant height and yield
had high heritability values on testing some moderate
temperature environments. The heritability estimates
at medium elevation in Cisarua are low,, only plant
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height (62.26) which has a high heritability values.

Characters with low heritability values-was thought to
occur because of high stress environment for the

growth of plants so that strains unable to reproduce the

optimum genetic potential (Nur et al. 2014).

Table 5. Variance of wheat lines derivated from crossing and national varieties in two environments.

Content analysis

. Fat content (%) Carbohydrate content (%)

Lines Cisarua Malino Cisarua Malino

X +SD X + SD X = SD X + SD
O/HP-12-A28-5-1 1.7+0.2 1.6 £ 0.0 68.3+0.5 77.1+ 0.4
O/HP-78-A-29-3-3 1.6 £ 0.0 1.9+ 0.2 68.0 £ 0.6 76.9 + 0.1
O/HP-82-A-15-1-4 1.8 £ 0.0 1.6 £ 0.0 70.2 + 0.3 76.4 + 0.4
O/HP-78-A2-2-5 1.8 £ 0.0 1.5+ 0.0 68.6 £ 0.2 76.4 + 0.6
O/HP-12-A1-1-9 2.1+ 0.0 1.4+ 0.8 69.0 £ 0.5 76.6 £ 0.0
O/HP-78-A22-3-7 1.7 £ 0.0 1.4 £ 0.1 70.4 £ 0.4 76.4 + 0.1
O/HP-78-A22-5-10 1.5+ 0.0 2.0+ 0.1 71.6 £ 0.2 74.2 £ 0.5
O/HP-6-A8-2-10 1.6 £ 0.1 1.8 £ 0.0 68.5+0.4 74.4 + 0.7
O/HP-22-A27-1-10 1.5+ 0.1 1.7 £ 0.0 69.8 £ 0.6 75.9 + 1.9
O/HP-93-A1-1-3 1.1+ 0.0 1.5+ 0.0 69.8 £ 0.2 77.1+ 0.4
O/HP-14-A19-1-8 1.1+ 0.0 1.2+ 0.0 68.9 £ 0.2 75.6 + 0.3
O/HP-12-A5-4-5 1.5+ 0.0 1.4 £ 0.1 68.2 + 4.5 72.3 £ 5.7
O/HP-12-A25-3-7 1.5+ 0.0 2.1+ 0.1 68.1+0.2 74.9 £ 0.3
O/HP-82-A7-2-6 1.0 £ 0.0 1.8 £ 0.0 70.5 £ 0.0 75.4 + 0.0
O/HP-49-A1-1-4 0.9 £ 0.0 1.9 £ 0.0 71.9 £ 0.3 75.9 = 0.3
O/HP-78-A2-1-9 1.4 + 0.0 1.6 £ 0.0 70.3 + 0.1 75.7 £ 0.0
O/HP-14-A21-5-7 1.5 £ 0.0 1.6 £ 0.0 70.3 £ 0.6 75.4 £ 0.6
O/HP-14-A10-2-10 1.3 £ 0.0 1.5 £ 0.0 69.4 £ 0.6 75.4 £ 0.1
O/HP-78-A2-5-2 1.0 £ 0.0 1.7 £ 0.0 70.9 + 0.3 75.0 £ 0.0
O/HP-12-A25-2-6 1.1+ 0.1 1.8 £ 0.0 69.8 £ 0.2 74.8 £ 0.1
O/HP-14-A10-3-3 1.7 £ 0.1 1.3 £ 0.0 69.6 + 0.1 75.0 £ 0.0
O/HP-82-A15-2-3 1.4+ 0.1 1.5+ 0.0 70.3 + 0.3 74.6 £ 0.2
O/HP-93-A3-1-9 1.4 £ 0.0 1.4 £ 0.1 73.0 £ 0.9 74.9 £ 0.2
O/HP-12-A23-1-10 1.3 £ 0.0 1.3 £ 0.0 71.4 £ 0.0 74.9 £ 0.4
O/HP-12-A1-2-2 1.6 £ 0.0 1.3 £ 0.0 70.0 + 0.2 74.2 £ 0.1
Guri 1 1.3 £ 0.0 1.7 £ 0.0 69.9 + 0.4 73.3 £ 0.1
Guri 2 1.4 £ 0.0 1.6 £ 0.0 68.8 £ 0.3 73.0 £ 0.1
Selayar 1.8 £ 0.0 1.5+ 0.1 71.3 £ 0.4 74.0 £ 0.0
Dewata 1.7+ 0.1 1.7 £ 0.0 70.1 £ 0.5 73.5 £ 0.1
Oasis 1.3+ 0.1 1.6 £ 0.0 71.7 £ 0.5 74.0 £ 0.1
HP1744 1.5+ 0.2 1.5 £ 0.0 69.2 + 0.4 73.6 £ 0.0
X Comparison 1.5+ 0.1 1.6 £ 0.0 70.2 + 1.1 73.6 £ 0.4

Table 6. Variance of wheat lines derivated from crossing and national varieties in two environments.

Protein content (%)
Lines Cisarua Malino % Changes
X £ SD X £ SD

O/HP-12-A28-5-1 16.7 £ 0.1 8.5 £ 0.0 47.2
O/HP-78-A-29-3-3 16.3 £ 0.0 8.3 £0.2 47.2
O/HP-82-A-15-1-4 14.9 £ 0.5 9.2 £0.3 38.0
O/HP-78-A2-2-5 16.1+£ 0.1 9.4 £0.2 41.5
O/HP-12-A1-1-9 15.4 £ 0.2 9.6 £0.0 37.1
O/HP-78-A22-3-7 14.6 £ 0.2 9.4 £0.2 35.9
O/HP-78-A22-5-10 14.2 £ 0.3 11.2 £ 0.1 21.1
O/HP-6-A8-2-10 16.3 £ 0.2 11.2 £ 0.1 31.5
O/HP-22-A27-1-10 16.0 £ 0.0 9.9 +1.6 38.1
O/HP-93-A1-1-3 15.6 £ 0.1 9.1 +£0.1 41.8
O/HP-14-A19-1-8 14.5+ 0.1 10.9 £ 0.3 26.2
O/HP-12-A5-4-5 14.6 £ 0.1 13.5+ 5.6 7.2
O/HP-12-A25-3-7 15.4 + 0.2 10.3 £ 0.3 32.9
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Protein content (%)
Lines C_isarua Malino % Changes
X +SD X +SD
O/HP-82-A7-2-6 14.8 £ 0.0 9.7 +£0.1 34.6
O/HP-49-A1-1-4 13.3 £ 0.1 9.2 £ 0.2 30.6
O/HP-78-A2-1-9 14.4 £ 0.1 10.2 £ 0.0 29.2
O/HP-14-A21-5-7 14.0 £ 0.4 11.2 + 0.0 20.1
O/HP-14-A10-2-10 14.7 £ 0.1 10.3 £ 0.0 20.6
O/HP-78-A2-5-2 14.6 £ 0.0 10.3+ 0.0 29.4
O/HP-12-A25-2-6 14.8 £ 0.0 11.8 £ 0.1 19.7
O/HP-14-A10-3-3 13.4 £ 0.0 11.2 £ 0.0 16.0
O/HP-82-A15-2-3 13.7 £ 0.0 11.9 £ 0.0 13.2
O/HP-93-A3-1-9 13.2+ 0.3 11.9 £ 0.0 9.94
O/HP-12-A23-1-10 14.4 £ 0.0 11.5 + 0.0 19.5
O/HP-12-A1-2-2 15.0 £ 0.1 11.8 £ 0.0 21.6
Guri1 15.3 £ 0.5 11.6 + 0.0 23.9
Guri 2 16.5 £ 0.2 11.9 £ 0.0 28.0
Selayar 13.5+ 0.2 11.2 £ 0.0 17.0
Dewata 14.7 £ 0.1 11.3 £ 0.1 22.9
Oasis 13.5+ 0.4 11.2 £ 0.0 16.7
HP1744 16.1 + 0.1 11.2 + 0.0 30.0
X Comparison 14.9 £ 1.2 11.4 + 0.2 23.1

Table 7. Analysis of combine variation of lines (G), locations (L) and interaction effect G x E from crossing

introduction wheat lines and national varieties in two environments.

Parameters MS Lines (G) MS Locations (L) MS Interactions (GxE)
Agronomical characters

Plant height 50.5" 11602.4™ 15.7
Maturing date 32.0 21098.7" 31.9

Number of seed per culm 34.7 8366.9 16.3

Yield potential 0.4 12.4™ 0.5%%

Nutrition Content

Carbohydrate content 4.1 1239.9™ 5.2
Protein content 2.3 829.1" 4.9
Fat Content 0.1 0.8 0.2

Noted : *,** = significant different in 5%.

Table 8. Genetic parameters of wheat lines derivated from crossing and national varieties in two environments.

Parameters Malino Cisarua

02 h2(bs) 02 h2(bs)
Agronomical characters
Plant height -3.1 -36.3 8.3 62.2
Maturing date 3.4 16.1 0.0 -23.6
Number of seed per culm 6.9 51.3 -1.3 -38.2
Yield potential 0.2 86.6 0.0 3.0
Nutrition content
Carbohydrate content 1.1 0.7 1.3 0.8
Protein content 1.0 0.7 0.9 0.9
Fat Content 0.0 0.9 0.0 0.9

Noted: 02g= Genetic variance, where values (-) was assumed as zero in heritability calculation, h2(bs) = heritability.
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