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The purpose of this study was to identify the selection criteria to obtain a supe-
rior mutant derived from the wheat plants of such varieties as Dewata, Selayar
and Alibey, adaptive in medium land. The analysis of agronomic growth charac-
ters showed a significantly effect on a growth percentage of the initial growth (8
mutants), flowering time (1 mutant), panicle stem length (15 mutants), number of
panicles (7 mutants), the number of grains per panicle (8 mutants), grain weight ob-
served (8 mutants), grain weight per genotype (6 mutants), leaf area (2 mutants) and
leaf greenness (5 mutants). The effects on the characters of ripe time, harvest, pani-
cle length and plant height were not significant. The mutants of Dewata, Selayar
and Alibey could be selected based on the characters of panicle stem length, number
of grains per panicle and grain weight per observation because these characters
generated more mutants than the other characters. The correlation analysis between
the characters of growth and yield components of wheat mutants showed that the
number of grains per panicle was positively correlated with the grain weight ob-
served, while the length of panicle stem was positively correlated with grain weight
per genotype, number of panicles and leaf area. Hopefully some mutants produced
could adapt to the tropical medium land, thus adding to the diversity of wheat
germplasm in Indonesia, thereby reducing the import of wheat to Indonesia.
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INTRODUCTION

Wheat is a subtropical plant, but with cer-
tain efforts it can be cultivated in tropical regions
in Indonesia. Wheat crop was introduced into In-
donesia around 1784, planted on limited areas in
the mountains of Java and Timor. However, be-
cause the climate in Indonesia is not suitable for
growing wheat plants and efforts to develop the
cultivation of wheat are not a priority, the whe-
at crop has not been widespread (Wiyono, 1980;
Carver, 2009). Wheat varieties that have been re-
leased in Indonesia come from the introduction
and no genotype has been specifically selected for
agro-climatic suitability in Indonesia. Results of
multi-location adaptation trials in various regions
indicated that the wheat plants could grow and
produce high yields but it is confined to the pla-
teau above 1000 m asl in Indonesia (Dahlan et
al., 2003).

Wheat consumption in Indonesia lately
has increased rapidly so that wheat imports in
2012 reached 7.4 million tons (Aptindo, 2012).
The development of such industry as instant
noodles, bread and canned biscuits as well as the
high consumption of wheat flour in Indonesia,
especially in the urban areas, has encouraged
higher grain imports. Therefore, it is necessary to
identify genotypes that can adapt well to the tro-
pical medium land from different genetic sources
of wheat in the world.

One way to obtain wheat genotypes adap-
tive to tropical regions is by a mutation techni-
que using physical and chemical mutagens. The
physical mutagens which are often used are the
ionizing of alpha, beta, and gamma rays, while
the chemical mutagens commonly used are col-
chicine and EMS (Van Harten, 1988). The use
of EMS to increase the occurrence of mutation
has been conducted, such as to produce wheat
genotypes which are fast to flower and have their
grains ripen, and obtain the M3 wheat plants that
have high productivity (Sakin et al., 2002; Visma-
nathan & Reddy 1996).

The mutation induction technique was
considered suitable to get the plant genetic diver-
sity whose genetic resource availability is poor.
In Indonesia, wheat plants are classified as the
plants whose source of genetic diversity is very
low, making it hard to obtain a new character
which is superior with a hybridization technique
(Micke & Donini, 1993). The unavailability of
high-yielding varieties of wheat has made wheat
unable to compete with the commodities that are
often grown at higher lands such as vegetables
and other horticultural crops that have higher

economic values.

The mutation technique followed by the
selection of high temperature resistance in vitro
has been carried out on potato and garlic plants
and has successfully obtained a high temperature
tolerant mutants (Das et al., 2000). The plants as
regeneration results from induced mutation and
selection in vitro are expected to be tolerant to
high temperatures and can adapt to the lowlands.
A gene mutation that occurs in the direction of a
positive nature and to be passed on to the next ge-
neration is the desired mutation by plant breeders
in general (Soeranto, 2003).

Based on the results of the previous studies,
it was reported that wheat of Nias and Timor va-
rieties could produce 2 tons / ha, while varieties
of Dewata and Selayar could produce more than
2 tons / ha in the highlands (1000 m asl) in In-
donesia (Dahlan et al., 2003). The varieties that
have been released in Indonesia are only suitable
for planting in the highlands. The varieties that
are suitable for the medium land have not been
developed. Available land in the highlands is very
limited and has been used for the cultivation of
vegetables that have a higher economic value. If
there is an adaptive variety of wheat in the me-
dium land, there are opportunities to grow wheat
in the rotation of rice-rice-wheat in the medium
land. Rice fields which are fallow for four months
are still available from July to October, which
might be used for wheat planting. Wheat cultiva-
tion in a tropical environment at an altitude of >
1000 m asl worked out well such as in the areas
of Tosari, Banjarnegara, Salatiga, Malino, Sinjai
and Padang. However, the areas of wheat deve-
lopment in these areas are very limited, because
wheat crop is only used as sidelines of horticultu-
ral crops that are more economical. Therefore, it
is necessary to carry out a long-term research pro-
gram for the development of wheat in Indonesia.
The program is a joint research to obtain high-
yielding varieties of wheat in the lowlands. The
research focus is on breeding to produce wheat
varieties that are adaptive to tropical lowlands.

Plant breeding at stress environment re-
quires superior crops that can adapt to the stress
condition. The development of wheat in lowland
environments can be achieved through the level
of adaptation of plants to abiotic stress, and the
improvement of yield potential. These factors are
interrelated in obtaining superior crops that can
yield high. According to Soepandi (2013) crop
improvement can be achieved if the morpholo-
gy and physiology of the plant have already been
known from characters that support it, such as
photosynthesis, growth and crop production.
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This study aimed to determine the charac-
ters of morphology and agronomy and to identify
the selection criteria to obtain a superior mutant
derived from the wheat plant of M3 generation
adaptive in medium land.

METHOD

The study was conducted in the BB-BIOG-
EN experimental garden, Sukabumi, in the me-
dium land * 450 m above sea level from April
2013 to September 2013. The temperature in the
experimental garden ranged from 29-34°C. The
material studied consisted of 25 mutan genotypes
(out of 144 mutant genotypes) of M3 generation
as a result of EMS treatement and three control
plants as comparison, namely, Dewata, Selayar,
and Alibey (Sari et al., 2014). This experiment
used Augmented Design, with six plots and the
distance of each plot was 50 cm. The area per
plot was 7 x 1.8 m with a spacing of 20 x 25 cm.
Each panicle per genotype was planted in one
row. Observations made on several morphologi-
cal and agronomic traits were conducted in seve-
ral steps: 1) observations of agronomic characters
of M3 wheat generation, 2) characterization of
the flag leaf area and leaf greenness.

This study was conducted to examine the
M3 genotypes in medium plains. In selected M3
seeds (M2 selection result), there were 144 mu-
tant genotypes and 3 control plants as compari-
son (Dewata, Selayar, Alibey) planted per panicle
for each genotype in a single row. In each plot was
planted with 24 mutant genotypes and 3 control
plants, so that each plot contained 27 lines. In ev-
ery eight mutant genotypes, there was a line of
control plants planted, up to 24 mutant genoty-
pes, so that there were 3 lines of controls in all.
First of all, the soil was treated with the addition
of compost 250 kg / ha and 125 kg rice husk / ha.
The plants were fertilized with 200 kg of urea /
ha, 150 kg SP36 / ha and 100 kg KCl / ha 14 days
after planting (dap), and the second fertilization
was with 150 kg urea / ha 30 days after planting.
Before planting, the seeds were given insectici-
de called Sevin and at the time of planting, the
planting hole was given Carbofuran. Weeding is
done twice: during the second fertilization and at
the generative growth phase.

In M3 plants, rows of superior plants were
identified, and then some of the best plants were
selected from each variety in each line to test the
agronomic performance. Observations of M3
plants were to find out their agronomic charac-
ters, namely, the percentage of early life (%),flo-
wering age (days), ripening age (days), harvest

age (days), long stem panicle (cm), panicle stem
length (cm), plant height ( cm), number of tillers,
number of panicles, number of grains per panicle,
grain weight per panicle (g), seed weight per
genotype (g), leaf area (cm), and leaf greenness.

Leaf area was measured when the flag
leaf had opened up perfectly and had shown a
panicle, about 2.5 months old. The tool used to
measure the leaf area is leaf area meter.

Leaf greenness can be measured using
SPAD-502 chlorophyll meter. Chlorophyll meter
is used to measure the percentage of the intensity
of leaf greenness, especially when the crop enters
the generative phase and the flag leaf has fully
developed. The figure readable in the chlorophyll
meter showed the total amount of chlorophyll.
The higher the legible figure is in the chlorophyll
meter, the higher percentage of the chlorophyll
in the leaf.

Data analysis was performed using a de-
sign enlargement (Augmented Design) and the
correlation analysis between the characters. Ac-
cording to Petersen (1994), in Augmented Design
before the data was analyzed, it was necessary
to make adjustments for differences in each row.
The adjustments are based on the average value
of the putative mutant genotype in a particular
row and the average value of genotype controls
throughout the experiment. To estimate the error
standard, it was used Middle Square of Expecta-
tion / MSE / Middle Square of Error.

The value of Middle Square of Expecta-
tion was derived from the analysis of variance
calculation. Furthermore, the error standard was
used to estimate the value of LSI (Least Signi-
ficant Increase). LSI value was used to compa-
re between control varieties and M3 population.
Data mutant M3 analyzed the correlation be-
tween characters using SAS 9.1.

RESULTS AND DISCUSSION

During the research in the experimental
garden of BB-BIOGEN Sukabumi (£ 450 m asl),
the temperature ranged from 29.00-34.00° C (Ta-
ble 1). This indicated that the temperature at the
site of the experimental garden was higher than
25° C, which is the threshold temperature for the
wheat crop. Threshold is the temperature which
is one degree above the threshold value which
causes the growth and development of the plant
is not functioning (Sopandie, 2013). The tempe-
rature rise of 1° C may inhibit the wheat growth.
In the meantime, every drop in elevation causes
an increase in air temperature. The increase in
temperature can lead to stress during the growth
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and development of wheat plants (Handoko
2007). According to Wiyono (1980); Van Ginkel
and Villareal (1996), wheat requires a tempera-
ture of about 15-25° C to grow well and cannot
grow well in warm areas with high temperatures.

25 out of 144 genotypes tested were ran-
domly selected based on the percentage of wheat
early growth and panicle stalk length (Table 2).
The genotypes elected were 16 Dewata, 4 Selayar
and 5 Alibey, or as follows: Dw-1-22-3, Dw-2-13-
1, Dw-2-13-2, Dw-2-19-3, Dw-1-17-1, Dw-1-21-
1, 2Dw-5-21-1, 2Dw-5-24-1, 2Dw-5-26-1, 2Dw-
5-28-1, 2Dw-5-29-1, 2Dw-6-3-1, 2Dw-6-5-1,
2Dw-6-16-1, 2Dw-6-17-1, 3Dw-6-27-1, Ab-1-7-2,

Ab-2-14-1, Ab-3-3-1. Ab-3-3-2, Ab-3-16-1, SI-2-
14-2, S1-3-1-1, S1-3-2-1, and SI-3-2-2.

Table 1. Temperature range during the research
in the experimental garden of BB-BIOGEN Suk-
abumi (2013).

Month April May June July
Temperature (°C) 30 29 34 31

The results of variance analysis of aug-
mented agronomic growth characters showed
that there was a significant effect higher than the
control plants with mutants on the percentage

Table 2. Characteristics of growth on wheat agronomic mutants Dewata, Selayar and Alibey are in
planting in BB-BIOGEN experimental garden, Sukabumi, in 2013 (+ 450 m asl).

Genotipe PE FA RA HA LSp PSL PH

Dewata (K) 46.86  77.60 97.12 102.77 11.08 13.74 73.63
Dw-1-22-3 53.88* 38.89  59.02 68.80 11.91* 871  53.38
Dw-2-13-1 39.33 4329 64.02 73.80 12.91* 9.21  46.08
Dw-2-13-2 40.07  40.89  59.02 68.80 14.21* 891  55.08
Dw-2-19-3 73.40* 40.29  60.72 70.50 10.91 8.21  52.38
Dw-1-17-1 42.19 4259 64.02 73.80 14.41* 891  53.38
Dw-1-21-1 59.33* 40.29  64.02 73.80 14.21* 851  52.78
2Dw-5-21-1 37.85 4389 60.68 72.13 7.6l 348 5l.61
2Dw-5-24-1 37.85 4489 60.68 72.13 13.81* 6.18 63.21
2Dw-5-26-1 49.61* 41.89  59.68 72.13 15.51* 3.88 63.21
2Dw-5-28-1 56.67* 4329  59.68 69.13 14.11* 448  62.61
2Dw-5-29-1 76.67* 39.89  58.68 72.13 12.81* 6.88 5791
2Dw-6-3-1 61.67* 38.29  57.68 69.13 15.01* 7.18 63.61
2Dw-6-5-1 46.67 40.59  57.68 69.13 14.61* 448  64.21
2Dw-6-16-1 3145 3859 57.68 69.13 13.11* 6.88  62.91
2Dw-6-17-1 37.58 4229 60.68 72.13 12.31*  3.48  60.91
3Dw-6-27-1 28.00 51.35 6791 82.46 11.98* 11.07 69.01
Alibey (K) 5486  75.10 91.79 101.43 8.81 13.74 68.25
Ab-1-7-2 44.67 4685 69.24 77.13 6.11 10.77 46.01
Ab-2-14-1 3467 4685 69.24 7713 391 11.07 47.01
Ab-3-3-1 68.67* 46.85 69.24 77.13 1.71 8.64 47.61
Ab-3-3-2 48.67 4385 69.24 77.13 491 8.24  46.61
Ab-3-16-1 54.67 4385 7024 7713 5091 8.24  48.31
Selayar (k) 60.86 6555 85.17 9448  8.38 12.19 63.65
S1-2-14-2 19.67 58.15 70.24 80.13 3.21 8.24  46.31
SI-3-1-1 24.67 69.45* 87.24 96.13 9.21* 874 52.61
SI-3-2-1 1896  62.85 8594 9513 341 8.74  53.31
SI-3-2-2 2046  58.15 70.24 8213 6.21 8.14  39.31

Note: * = Different significantly higher than controls,PE = Percentage of Early life (%), FA = Flower-
ing Age (days), RA = Ripening Age (days), HA= Harvest Age (days), LSP = Long Stem Panicle (cm),
PSL = Panicles Stem Length (cm), PH = PlantHeight (cm).
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character of the initial growth (8 mutants), flo-
wering time (1 mutant), and stem length of the
panicle (15 mutants). There was no significant
effect on the characters of ripening time, har-
vest, panicle length and plant height (Table 2). In
this case, the stem length had the most mutants,
namely, 15 mutants. Significant effects indicated
the difference between the control and mutant
plants. This study was in line with the results of
the report by Setyowati et al., (2009), which sta-
ted that in 65 wheat germplasm accessions there
were three characters that had a significant effect
on the wheat crop: the number of tillers, the num-
ber of panicles, and the number of panicle stems.

The results of variance analysis of augmented ag-
ronomic characters of yield components showed
a significant effect on the characters of number
of panicles (7 mutants), number of grains per pa-
nicle (8 mutants), grain weight per observation (8
mutants), grain weight per genotype (6 mutants),
leaf area (2 mutants) and leaf greenness (5 mu-
tants) (Table 3).

In Tables 2 and 3 (the last number on each
genotype is the number of the panicles harve-
sted) showed that the panicles often harvested
were those marked the 1st (as many as 18 genoty-
pes), namely: Dw-2-13-1, Dw-1-17-1, Dw-1-21-1,
2Dw-5-21-1, 2Dw-5-24-1, 2Dw-5-26-1, 2Dw-5-

Table 3. Character agronomic yield components in wheat mutant Dewata, Selayar and Alibey plant-
ing in BB-BIOGEN experimental garden, Sukabumi (+ 450 m asl).

Genotipe NT NP NGP GWP SWG LA LG
Dewata (K) 25.88  8.89 3.16 0.10 4.59 25.87  52.53
Dw-1-22-3 6.67 3.48 6.22*  0.20* 8.65* 2.79 38.49
Dw-2-13-1 5.67 2.48 0.22 0.10 5.80* 2.79 38.09
Dw-2-13-2 6.67 4.08 0.72 0.10 16.51* 2.79 37.29
Dw-2-19-3 5.67 3.78 6.22*  0.20*  6.54* 2.79 44.49
Dw-1-17-1 5.67 3.78 7.72*  0.30* 5.75*% 2.79 38.79
Dw-1-21-1 4.67 2.78 0.22 0.10 6.99* 2.79 40.69
2Dw-5-21-1 3.71 2.68 4.22* 0.20* 090 2.51 44.25
2Dw-5-24-1 7.41 6.38 0.58 0.10 0.54 2.51 45.55
2Dw-5-26-1 4.41 3.38 0.22 0.10 0.84 2.51 34.05
2Dw-5-28-1 5.71 4.68 6.22*  0.20* 1.26 2.51 32.35
2Dw-5-29-1 8.01 6.98 1.72 0.10 0.68 2.51 34.05
2Dw-6-3-1 6.01 4.98 0.58 0.10 2.36 15.69  40.85
2Dw-6-5-1 5.41 4.38 4.22*  0.20* 1.57 2.51 45.15
2Dw-6-16-1 6.71 5.68 12.72* 0.40*  3.02 2.51 39.95
2Dw-6-17-1 4.71 3.68 0.58 0.10 0.98 2.51 35.15
3Dw-6-27-1 13.07 9.01* 1.49 0.10 1.50 4.25 48.04
Alibey (K) 23.40 9.70 5.72 0.10 593 21.47  52.58
Ab-1-7-2 9.07 8.67 6.00 0.20* 1.08 13.52  49.04
Ab-2-14-1 11.37 11.37*  0.50 0.10 0.34 398  55.94*
Ab-3-3-1 10.67 11.37*  0.30 0.10 0.29 398  55.24*
Ab-3-3-2 9.37 10.07* 0.20 0.10 0.24 398  55.54*
Ab-3-16-1 10.67 12.37*  1.00 0.10 0.29 3.98 50.24
Selayar (k) 22.18  9.19 5.76 0.10 7.89 21.52  53.20
S1-2-14-2 9.07 5.67 0.40 0.10 0.24 398  54.84*
S1-3-1-1 12.67 13.37*  0.30 0.10 0.24 398  53.44*
S1-3-2-1 14.67 9.67* 0.30 0.10 024  21.92* 50.14
S1-3-2-2 11.07  5.37 0.20 0.10 024  21.72* 47.34

Note: * = Different significantly higher than controls, NT = number of tillers, NP = number of pa-
nicle, NGP = number of grains per panicle, GWP = grain weight per panicle (g), SWG = seed weight
per genotype (g), LA = leaf area (cm), LG = leaf greenness.
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28-1, 2Dw-5-29-1, 2Dw-6-3-1, 2Dw-6-5-1, 2Dw-
6-16-1, 2Dw-6-17-1, 3Dw-6-27-1, Ab-2-14-1,
Ab-3-3-1, Ab-3-16-1, S1-3-1-1, and SI1-3-2-1. The
panicles marked the 2nd consisted of 5 genoty-
pes, namely, Dw-2-13-2, Ab-1-7-2, Ab-3-3-2, Sl-
2-14-2, and S1-3-2-2. The panicles marked the 3rd
consisted 2, namely, Dw-1-22-3 and Dw-2-19-3.
This showed that the first panicles were not the
only ones to harvest, but it could be the second
panicles and the third panicles. However, the rest
of the panicles, the fourth and so on did not have
the potential to be harvested (selection method of
pedigree). The potential genotypes to be harve-
sted were those which had longer panicle stems
and panicles compared to the control and had
pithy grains.

Flowering age had a lower value when
compared with the control plants of Dewata, Se-
layar and Alibey. Research in several other areas
in Indonesia proved that the wheat of tropical
lowland could flower faster, that is, 35-51 HST
compared with plateau wheat (Aqil et al., 2011).
The plants that are sensitive to changes in tem-
perature, such as wheat, the decline in the har-
vest may be very sharp if the plant is planted at
a lower altitude with a higher temperature and
will have an affect on a significant decline in the
number of flowers and the decline in the number
of grains per plant (Korte et al., 1983; Handoko,
2007).

Correlation which is expressed in correlati-
on analysis is to measure the degree of closeness
of the relationship of more than two characters.
Correlation analysis between the characters of
growth and yield components of wheat mutants
showed that grain weight per genotype was posi-
tively correlated with the percentage of the har-
vest growth, ripening time, harvest time, panicle

length, plant height, number of tillers, number
of panicles, number of grains per panicle, weight
of 100 grains, grain weight per observation, but
not positively correlated with flowering time and
stem panicle length (Table 4). This showed that
an increase in the value of these characters would
influence the increase in grain weight per genoty-
pe. The grain weight per genotype was then used
as the selection for M4 generation.

Correlation analysis between the compo-
nent characters of mutant wheat yield of Dewa-
ta, Selayar and Alibey can be seen in Table 4. The
number of tillers were positively correlated with
the number of panicles, number of grains per pa-
nicle, grain weight per observation, weight of 100
grains, grain weight per genotype and leaf green-
ness, except the character of leaf area which was
negatively correlated. This stated that the higher
the characters, the more the number of tillers.
The highest number of tillers in Dewata was on
the genotype of 2Dw-1-27-2, while in Selayar on
the genotype of S1-3-2-2 in Alibey on the genoty-
pe of Ab-3-16-1.

The performance of panicle length and
flag leaf greenness which had opened up perfect-
ly and stayed green when harvesting M3 plants
grown in BIOTROP is shown in Figure 1. The
performance of M3 plants had greenness and
flag which were different between the control and
mutant plants. Leaf greenness can be measured
using SPAD-502. The higher the figure is legible
in SPAD-502, the higher the percentage of chlo-
rophyll in the leaf. According to Jangpromma et
al, (2010) the reading with SPAD-520 chlorophyll
meter was an interpretation of the content value
of the green substance or leaf chlorophyll in
plants. The study results showed that there were
differences in the green colors of the leaves in the

Table 4. Correlation analysis between agronomic characters crop growth and grain yield components
of the Dewata, Selayar and Alibey generation M3 Experimental Garden BB-BIOGEN, Sukabumi, in

2013.
EE FL RL HA LSE PSL FH NT NP NGE SWG LA LG
BGR 0.305
MSE a.200 0.955%%
ENN 0.237 0.972%% 0.987%*
FTM 0.342 0.432% 0.454%%  0.449%%
BBG 0.233 0.058 0.040 0.06e3 0.386%
TT 0.191 0.216 0.152 0.216 0.5366%* 0.147
JR 0.044 0.883%% 0.91e%** 0.817%% 0.387+% 0.058 0.339
JM 0.07¢ 0.543%* 0O.e3e** 0.623*%% 0.e02%* 0.364 0.057 0.638%*
JEM 0.185 0.081 0.080 0.098 0.213 0.243 0. 283 0.030 0.193
EBEP 0.022 0.359 0.363 0.377% 0.258 0.002 0.08e3 0.334 0.330 0.870%%
BBG 0.233 0.058 0.040 0.083 0.386% 1.000 0.147 0.038 0.364 0.243 0.92
LD 0.097 0.739*% 0.735%% 0.747** 0.330 0.031 0. 202 0.781%+ 0.315 0.113 0.266 0.031
ED 0.233 O.620%% (0.881%% 0.641 0.776%+ 0.277 0.220 0.6834%% (0.765%% 0.1%6 0.313 0.277 0.411

Note: PE = percentage of early life (%), FA = flowering age (days), RA = ripening age (days), HA =
harvest age (days), LSP = long stem panicle (cm), PSL = panicles sten length (cm), PH = plant height
(cm), NT = number of tillers, NP = number of panicle, NGP = number of grains per panicle, GWP
= grain weight per panicle (g), SWG = seed weight per genotype (g), LA = leaf area (cm), LG = leaf
greenness., * and ** = Correlated real at a level of 95% and 99%.
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five mutants (Ab-2-14-1, Ab-3-3-1, Ab-3-3-2, SI-
3-1-1 and SI-3-2-1) compared with controls. The
green color of the leaves in mutants was darker
compared to the control and other mutants. The
darker green color indicated that it had a higher
chlorophyll content and the character of the stay
green which was positively correlated with the va-
lue of grain weight per genotype. In other words,
any increase in the value of the green leaf would
indicate the increase in the character of the value
of grain weight per plant. It could be interpreted
that the higher the value of the green leaf of whe-
at mutant plant, the greater the photosynthesis
and the longer the stay green until the harvest,
the heavier the grain weight in plants.

The decline in the rate of photosynthesis
resulted in the decrease in all yield components
and limited the formation of number of pods and
grain filling (Baheshti & Fard, 2010). According
to Nur et al. (2012) the evaluation results of seve-
ral introduction strains on the lowlands indicated
that to obtain wheat genotype candidates for low-
land it required a plant idiotype with many pro-
ductive tillers and panicles, and broad leaf area.

The appearance of the characters which
had significant differences indicated that there
was a fairly wide diversity among mutants that
provided the opportunity to produce the desired
mutants. Agronomic characters with good per-
formance indicated tolerant to tropical medium-
high plains and allowed for the re-selection of M4
in medium land. The combinations of temperatu-
re and humidity, irradiation period and irradiati-
on intensity, and high rainfall added to the level
of stress on the growth and development of the
wheat plants.

roll due to high temperature stress (tolerant).

Figure 1. Performance of panicle length and flag
leaf greenness M3 plants in the Experiments Gar-
den BB- BIOGEN (* 450 m asl). (= The flag leaf).

Leaf color in harvest time could be used
as an indicator that the plant was feasible to be
selected for planting the next generation. The flag
leaves that remain green at the time of harvest
indicated that the leaves had stay green properties
since the color was closely related to the capacity
of the source and the accumulation of carbohyd-
rates in the stem and leaf flag.

The phenomenon that occurred in the field
at harvest time was wheat grains which were har-
vested late germinated one day after the rain fell
and leaves rolled due to the temperature stress
(Figure 2). Harvesting wheat cannot be done at
the same time just like harvesting rice crop. Har-
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vesting wheat is done in stages, where the first pa-
nicles are first harvested, continued with second
panicles, and so on. To calculate how many days
are needed to determine the age of the harvest,
that is, the number of days from planting to the
time when more than 50% of the crop had yellow
panicles in each plot. Sprouting is the germinati-
on of wheat grains in the panicle because harvest
is done beyond the harvest period. This is influen-
ced by the grain dormancy time, and the climatic
factor such as a high temperature in the process
of grain filling which falls at the period of dor-
mancy (Gavazza et al, 2012). The results of this
study have the same phenomenon when grown
in lowland SEAMEO-BIOTROP, Bogor (+ 250
m asl) that will germinate when the panicle late
harvest and the leaves will curl in the plant stress
tolerance for high temperatures (Sari et al., 2015).

One of the obstacles encountered in Indo-
nesia, namely the absence of adaptive varieties
in the middle plains and high temperature stress.
The need for wheat genetic improvement of trop-
ical origin, thereby reducing the import of wheat
to Indonesia. The results of this study produces
some mutant wheat is expected to produce wheat
plants that can adapt and produce in the tropics,
especially Indonesia

CONCLUSION

Agronomic growth characters showed
a significant effect on the percentage of the ini-
tial growth, flowering time, stem panicle length,
number of panicles, number of grains per panicle,
grain weight per observation, grain weight per
genotype, leaf area and leaf greenness. Mutants
of Dewata, Selayar and Alibey could be selected
based on such characters as panicle stem length,
number of grains per panicle and grain weight
per observation because the characters generated
more mutants compared to the other characters.
Correlation analysis between the characters of
growth and yield components of wheat mutants
showed that the number of grains per panicle was
positively correlated with grain weight per obser-
vation, while the length of the stem panicle was
positively correlated with grain weight per geno-
type, number of panicles and leaf area. Number
of panicles and leaf area was positively correlated
with leaf greenness character. High temperature
stress is one of the limiting factors that affect the
growth and production of crops for causing re-
duced yield potential.
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