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Abstract. This study aimed to use multigamma irradiation techniques (nuclear)
to improve indigenous purple corn to produce better generation types that can
withstand drought, harsh climates, pests and diseases, and high yields. Observa-
tion, sampling, irradiation, careful selection, purification, and interpretation are
some research methodologies used. Observations for taking an inventory of the
parent variety’s physical and chemical characteristics, determining the research
location, cultivating the area of planting, irradiating 3000 rads dose to the sam-
ple for 30 min, soaking the area of planting, planting seeds, irrigation, observing
age and ability to grow grains, embroidery, weeding and fertilizing, keeping plant
conditions during growth, harvesting, and drying. Result of research: Selected
high-yielding local purple corn cultivars resulting from multigamma irradiation
can withstand drought and adverse weather, are pest and disease resistant, and
produce much more than the variety of parents. The average production of the
selected high-yielding varieties was 11.12 t/ha, while the parent variety was 6.71
t/ha, with an increase in production percentage of 39.66%.

Keywords: development · local red peanut · multigamma irradiation · superior
cultivars

1 Introduction

Purple corn (Zea Mays Indurata or in Spanish: Maiz Marado) has not been cultivated
and widely developed Indonesian farmers, but has been cultivated and widely developed
by farmers in the Andes mountains of South America [1–3]. Purple corn is one type of
food that is very important because of its high nutritional or nutritional content such as:
protein, fiber, sugar, carbohydrates, fat, water, calories [4, 5], phylic acid, amino acids,
potassium, calcium, selenium, niacin, iron [6, 7], corn starch flour formaking cookies [8].
In addition, purple corn seeds contain anthocyanins [2] which cause a purple color in the
form ofChrysanthemin (Cyanidan 3-O-Glucocide and Pelargonidin 3-OBG-Glucocide)
which have many benefits, namely protecting the stomach from damage, improve eye
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vision, inhibit tumor cells, as an anti-inflammatory compound, antioxidant, prevent obe-
sity and diabetes, improve brain memory ability, ward off free radicals in the body,
prevent atherosclerosis, inhibit atherogenesis process by bad fat oxydyze, prevent clog-
ging disease blood vessels, protects the integrity of endothelial cells in the lining of
the blood vessel walls from damage, relaxes blood vessels preventing atherosclerosis
and other diseases of cardiovascular [9, 10]. The results of Syahbuddin’s research [11]
reported that purple corn of the Purple 1 Srikandi variety contained 51.92 µg/g antho-
cyanins and low amylose content (6.66–9.37) % so that the texture was fluffier. Another
benefit of purple corn is as a raw material for the processed food industry such as ice
cream, brownie cakes, boiled water into fresh drinks, and so on [12, 13].

The nutrients or nutritional content in every 100 g of corn kernels are carbohydrates
= 21 g, protein= 3.4 g, fiber= 2.4 g, calories= 96 kcl, waters= 73%, sugar= 4.5 g, fat
= 1.5 g, vitamin A= 13µg, Thiamine (vitamin B1)= 0.09 mg, Riboflavin (vitamin B2)
= 0.06 mg, Niacin (vitamin B3)= 1.68 mg, Panthothenic acid (vitamin B5)= 0.79 mg,
Pyridoxine (vitamin B6) = 0.14 mg, Folate (vitamin B9) = 23 g, vitamin C = 5.5 mg,
vitamin E= 0.09 mg, vitamin K= 0.4 g, Calcium= 3 mg, Iron= 0.45 mg, Magnesium
= 26 mg, Phosphorus = 77 mg, Potassium = 218 mg, Sodium = 1 mg, and Zinc =
0.62 mg [14]), protein content in white Srikandi corn was 10.44%, lisin 0.410%, and
triptofan 0.087% [15].

Local purple corn that has started to be developed in Indonesia comes fromManado,
North Sulawesi and Palu, Central Sulawesi, with a production potential of up to 7.5 t/ha
if planted in the rainy season and 6.4 t/ha if planted in the dry season [16, 17]. In general,
purple corn has the same physical characteristics and properties as other types of corn,
although the nutrient content in purple corn is higher than that of ordinary corn [9]. Corn
is the second largest carbohydrate-producing food ingredient after rice [18, 19], and is
the main source of raw materials in the poultry feed industry (50–55)%), animal feed of
55% [20], a source of quality forage, a staple food ingredient in most areas in Indonesia,
especially the eastern part of Indonesia, and the second largest contributor after rice to
gross domestic income [21], in addition, corn is a biofuel [22]. Behind that, corn is used
as a processed material for cooking oil, ethanol, organic acids, and flour [23, 24].

The need of corn for food and animal feed in Indonesia in 2016 was around 41% and
28%, the rest for other uses [25]. The total utilization of corn in 2016 was 23.84 million
tons, while corn production in the same year was 23.58 million tons. This means that
Indonesia is experiencing a shortage of raw materials for corn by 0.26 million tons [26].
Corn production in 2008 was 4.00 t ha−1, decreased in 2015 which was only 3.79 t/ha
[25]. Corn productivity in Indonesia in 2016 was 5.303 t/ha and in 2017 decreased to
5.227 t/ha, productivity in 2012 was 4.90 t/ha and in 2013 decreased to 4.85 t/ha [27].
As a consequence, the government has to import corn to meet domestic needs [28].

The low maize production in Indonesia is brought on by various variables, such
as the supply of superior seeds is still lack relatively [29], drought stress, pest and
disease attacks, cultivation techniques are not adequate and optimal [30, 31], planting
land processing and plant maintenance is not optimal [32–36], pest and disease control
is not optimal [37], the irrigation system is not good, and post-harvest processing is
not adequate. One of the important activities that must be carried out to increase corn
production to themaximum is utilizingmodern technology to obtain superior generations
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or varieties of seeds. Breeding with multigamma (nuclear) irradiation techniques is one
of the finest approaches to obtain superior generation maize seeds in a short amount of
time [38, 39]. This study aims to improve local purple corn (zea mays) varieties using
Multigamma Irradiation (Nuclear) techniques in order to produce superior generation
purple corn seeds that can adapt to a lack of water (drought stress), are pest and disease
tolerant, adapt to extreme climates, and produce a high harvest.

This template, modified in MS Word 2007 and saved as a “Word 97–2003 Docu-
ment” for the PC, provides authors with most of the formatting specifications needed
for preparing electronic versions of their papers. All standard paper components have
been specified for three reasons: (1) ease of use when formatting individual papers, (2)
automatic compliance to electronic requirements that facilitate the concurrent or later
production of electronic products, and (3) conformity of style throughout a conference
proceedings.

2 Result and Methods

2.1 Research Site

Samples of local purple corn seedswere obtained from farmers in Palu, Central Sulawesi,
Indonesia, which have been cultivated for a long time, although production is relatively
low. Samples of local purple corn seeds were irradiated at the Mini Nuclear Labora-
tory of the Physics Department, Nusa Cendana University, Kupang Indonesia. Planting
locations to obtain superior generations through purification with a careful selection sys-
tem individually were carried out in four locations (four provinces) namely East Penfui
(Province of East Nusa Tenggara), Tinoring Tana Toraja (Province of South Sulawesi),
Mamuju (Province of West Sulawesi), and Palu (Province of Central Sulawesi).

2.2 Research Instruments

The primary instruments are: 1) Multigamma irradiating sample. 2) A radiation dose
counter is used to calculate the multigamma radiation dose. 3) Instrument to analyze
water content; 4) Land management tractor. 5) Digital scales for weighing the bulk of
per 100 seed. 6) Additional tools such as crowbars, hoes, buckets, plastic pipes, pest
sprayers, shovels, saws, hammers, sickles, and so on. Irradiation, sampling, observation,
cautious selection, purification, comparison, and interpretationwere all used in thiswork.

2.3 Research Step

The research activity was carried out with the following steps: 1) observation for sam-
pling purple corn seeds, inventorying the physical and chemical characteristics of local
purple corn parent varieties, and determining the research location, 2) cultivating the
planting area, 3) irradiating purple corn seed samples with dose of 3000 rads for 30
min. The multigamma source used consists of several standard radioactive elements that
have been set in one kit. The energy consumed from a multigamma source is the total
energy which can be adjusted using an absorber or filter and measured by a radiation
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detector (total energy used is 3000 rads), 4) soaking the planting area, 5) planting corn
seeds with two seeds per hole by mixing at a depth of (3–4) cm, and spacing of 15 cm
x 75 cm, 6) Irrigationadjusted to rainfall at the planting site, 7) Observing the age and
seeds growth ability at 7 days after planting (d a p) on selected samples (control and
treatment) randomly (50 seeds) at s, 8) replanting seeds that did not grow, 9) Weeding
and fertilizing with NPK and Urea at doses of 2:1, 10) Observing the condition of the
plant during growth which includes: tolerance to pests and diseases, adaptation to less
water (dry land), and plant selection three times, the first selection when the plant was
30 days after planting, the second selection at the age of 60 days after planting (near
harvest), and the final post-harvest selection on seeds, 11) Harvesting and drying, 12)
Mass weighing per 100 seeds corn, 13) Protein content analysis (analysis service), 14)
Comparing parent varieties and superior generations characteristics (physical and chem-
ical), 15) Interpretation and conclusions. Complete and systematic research steps can be
seen clearly in the diagram Fig. 1.

2.4 Statistical Mathematics for Data Analysis

The mathematical equations data analysis required include.

2.4.1 The Mathematical Equation Calculating Growth Percentage

The mathematical equation calculating growth percentage of purple corn seeds in the
selected superior generation (treatment sample) and parent variety (control sample) is
[40, 41]:

For treatment sample:

PGTS =
(
TAS − ATS

TAS

)
× 100% (1)

where: PGTS : treatment growth percentage (%), TAS : the total number of seeds planted,
ATS : not growing seeds number on treatment sample.

For control sample:

PGCS =
(
TAS − ACS

TAS

)
× 100% (2)

where: PGCS : control sample growth percentage (%), ACS : not growing seeds number
on control sample (%).

2.4.2 The Equation to Calculate Selected Superior Generation Products

The equation to calculate selected superior generation products in the average in the four
planting locations was:

APTS = PL1 + PL2 + PL3 + PL4

4
(3)

where: APTS : the selected superior generation production average (t/ha), PL1, PL2, PL3:
superior generation and control samples production in four planting locations.
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Fig. 1. Research flow diagrams (charts)

The Formula for calculating of control sample average production at the four planting
sites was:

APCS = PL1 + PL2 + PL3 + PL4

4
(4)

where: APCS : the control sample average production.
Production increasing equation in average percentage:

IPAP =
(
APTS − APCS

APTS

)
× 100% (5)

where: IPAP: average production increase percentage (%).

3 Results and Discussion

3.1 Observation, Measurement, and Calculation Results

The characteristics of local purple corn that were developed through breedingwithmulti-
gamma (nuclear) irradiation techniques yielding superior generations that has less water
adaptation (dry land), extreme climate, pest and disease tolerance, and high production
are shown in the results of observations, measurements, and calculations. Figures 2, 3,
4, and 5 illustrate the actual results of observation.

The fruit shape of local purple maize from superior generations as a result of multi-
gamma irradiation and the parent variety can be seen clearly in Figs. 2, 3, 4, and
5.
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Fig. 2. An example of local purple corn fruit new superior generation varieties frommultigamma
irradiation at 55 days after planting (d a p).

Fig. 3. An example of local purple corn of parent variety at 95 d a p

3.2 Data to Calculate the Percentage of Growing Seeds

The seed growth percentage in the control and treatment sampleswas obtained by looking
at data from five (5) groups of 50 seeds each in the control and treatment samples.
The treatment samples were from five (5) different groups, each with five (5) different
observations, as shown in Table 1.

3.3 Tables 2 and 3 Illustrate the Actual Results of Observation, Measurement,
and Calculation

The actual complete data of observation, measurement, and calculation can be shown in
Tables 2 and 3.
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Fig. 4. An example of local purple corn cob of selected superior generation varieties from
multigamma irradiation post-harvest.

Fig. 5. An example of a corn cob of local purple post-harvest parent variety.

3.4 Statistical Calculation

Applying Eq. (1) and the data in Table 1, the estimation control and treatment samples
seed growth percentage may be estimated as follows.

The not growing control sample seed average was 9.60 seeds, and the randomly
selected observed seeds number was 50 seeds. The average number of seeds that did not
germinate in the superior generation chosen was 2.56.

In the control sample, the growth percentage was calculated:

PG =
(
TAS − ASG

TAS

)
× 100% =

(
50− 11.2

50

)
× 100% = 77.60%
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Growth rate in the treatment sample as a percentage:

PG =
(
TAS − ASG

TAS

)
× 100% =

(
50− 3.24

50

)
× 100% = 93.52%

Treatment samples and control production average was obtained using Eqs. (3)
and (4), and the local purple corn selected superior generation production increasing
percentage was calculated using Eq. (5).

Control sample average yield at the four planting sites (variety of parent):

APCS = PL1 + PL2 + PL3 + PL4

4
=

(
7.02+ 6.25+ 6.72+ 6.85

4

)
= 6.72 t /ha

At the four planting sites, the average treated samples output or a selected superior
generation from multigamma irradiation:

APTS = PL1 + PL2 + PL3 + PL4

4
=

(
11.27+ 10.98+ 11.13+ 11.15

4

)
= 11.12 t /ha

Increasing percentage in superior generation multi-gamma irradiation production:

IPAP =
(
APTS − APCS

APTS

)
× 100% =

(
11.12− 6.71

11.12

)
× 100% = 39.66%

Table 1. As a consequence of observation, not growing purple corn seeds number in the control
and treatment samples.

No Seeds number in
each group

Not growing seeds number

S Control sample Selected superior generation

G 1 2 3 4 5

I 50 11 3 2 3 4 3

II 50 13 4 3 5 3 2

III 50 10 2 5 2 3 4

IV 50 9 3 4 2 2 3

V 50 12 5 2 3 5 4

Average = 50 11.20 3.40 3.20 3.00 3.40 3.20

The selected
superior generation
total average

11.20 3.24

Control and
treatment samples
Growth Percentage

77.60% 93.20% 93.60% 94.00% 93.20% 93.60%

Average total of
growth percentage

77.60% 93.52%
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Table 2. Important physical and chemical local purple corn parent characteristics and superior
generation varieties based on observations, measurements, and calculations.

No Description Parent Variety Selected Superior
generation

1 Time of growth 9 days after planting (d a p) 5 days after planting (d a
p)

2 Percentage of growth 77.60% 93.52%

3 Range of flowering age (76–108) d a p (42–50) d a p

4 Average flowering age 85 d ap 45 d a p

5 Plant height range (164.20–2.16) cm (150–186) cm

6 Average height of plant 178.15 cm 165.23 cm

7 Adaptation for dry land and
extreme weather

Less adaptive Adaptive

8 Tolerant of pests and
diseases

Less tolerant Tolerant

9 Range of harvest age (130–155) d a p (70–95) d a p

10 Average age of harvest 135 d a p 75 d a p

11 Cob range of length (11.75–14.10) cm 13.77–16.58) cm

12 Average length of the cob 12.24 cm 15.65 cm

13 Cob diameter range (3.28–3.62) cm (4.52–4.85) cm

14 Average cob diameter 3.55 cm 4.76 cm

15 Cob ski layer Layered to the tip of the cob Layers of skin arranged
towards the tip of the cob

16 Leaf number range (12–17) (12–16)

17 Average number of leaves 15 14

18 Mass range per 100 seeds (56.14–65.38) g (68.13–76.87) g

19 Average mass per 100 seeds 65.12 g 75.65 g

20 Dried seeds color Dark purple Light purple

21 Protein content 9.27% 11.15%

22 Seed production range (6.25–7.02) t/ha (10.98–11.15) t/ha

23 Average seed production 6.71 t/ha 11.12 t/ha

24 Maximum seed production
potential

7.02 t/ha 11.15 t/ha

25 Production increase
Percentage

– 39.66%
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Table 3. Production values in the control (original variety) and treatment samples at the four
planting locations (selected superior generation).

No Planting Location Initial Variety Selected Superior Generation

1 East Penfui Province of East Nusa
Tenggara Timur)

7.02 t/ha 11.27 t/ha

2 Tinoring Tana Toraja Province of
South Sulawesi

6.25 t/ha 10.98 t/ha

3 Mamuju Province of West Sulawesi 6.72 t/ha 11.13 t/ha

4 Palu Province of Central Sulawesi 6.85 t/ha 11.15 t/ha

Average production 6.71 t/ha 11.12 t/ha

Percentage increase in production 39.66%

3.5 Time of Growing and Seed Growth Percentage, Adaptation to Drought
Conditions, Extreme Weather, Pests and Diseases

Local purple corn seeds produced by multigamma irradiation (high-yielding varieties)
had a growing time of 5 d a p, while the time of growth for the parent variety was 9 d a p
with a growth percentage of 93.52% for high-yielding varieties and 77.60% for parent
varieties. Figure 2 illustrates an example of the local purple maize growth produced by
multigamma irradiation at of 55 d a p which was fertile with large and smooth fruit and
smooth leaves. An example of the growth of local purple maize variety of parent at 95
d a p with dull leaves slightly wilted, fruit of medium size, and leaves and fruit look
smooth can be seen in Fig. 3. These physical characteristics indicate that the selected
superior generation of local purple corn seeds from multigamma irradiation grew faster
with a higher growth percentage than the parent variety, more adaptive to dry land and
extreme weather conditions than the parent variety. The data above shows that both
selected superior generation varieties and parent varieties are both tolerant of pests and
diseases.

3.6 Flowering and Harvesting Age

An example of a local purple corn cob of superior generation irradiated by multigamma
with a size larger than that of the parent variety can be shown by Fig. 5. This shows that
purple corn varieties of superior generation have higher production opportunities than
the parent variety.

The range of flowering age for the selected high-yielding varieties was (42–50) d a
p, while the parent variety was (76–108) d a p, with a general average flowering of 45 d
a p for the selected superior generation varieties and 85 d a p for the parent variety. The
range of harvesting ages for selected superior generation varieties was (70–95) d a p,
while the parent variety was (130–155) d a p, with the average harvest age for selected
superior generation about 75 d a p, while the parent variety was 135 d a p. This proves
that local purple corn varieties of selected superior generation have a shorter flowering
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and harvesting age than the parent variety. In other words, selected superior generation
varieties flower and harvest faster than their parent varieties.

3.7 Production Rate and Percentage of Production Increase

The mass per 100 seeds of selected superior generation varieties ranged from (68.13–
76.87) g with an average mass per 100 seeds of 75.65 g, while the parent variety ranged
from (56.14–65.38) gwith an averagemass per 100 seeds of 65.12 g. The seed production
range of the selected superior generation varietieswas (10.98–11.15) t/hawith an average
production was 11.12 t/ha, while the production range of the parent variety was (6.25–
7.02) t/ha with an average production was 6.71 t/ha. The maximum seed production
potential is 11.15 t/ha for selected superior generation varieties and 7.02 t/ha for parent
varieties with an increase in seed production percentage was 39.66%. This shows that
the production of selected superior generation varieties is higher than the production of
the parent varieties.

4 Conclusion

When compared to the parent variety, a selected superior generation of local purple
corn from multigamma (nuclear) irradiation may adapt well to drought stress, extreme
weather, pest and disease tolerance, and greatly enhanced yield. The superior generation
varieties’ average productionwas 11.12 t/ha, compared to 6.71 t/ha for the parent variety,
representing a 39.66% increase in productivity.
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