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Abstract  

Genetic diversity in a population is very important in the selection for the 

assembling of superior varieties. One method of plant breeding to increase 

diversity is by means of gamma ray irradiation (Crowder, 1986). The purpose 

of this study was to determine the diversity of eggplant (Solanum melongena 

L.) from seeds irradiated using gamma rays, especially in the growth and 

production of eggplant. Gamma ray irradiation research was conducted at 

Badan Atom Nasional (BATAN) Jakarta in May 2017, followed by research at 

Green House Plant Culture Tissue Culture Laboratory of Biotechnology 

Department of Agriculture Faculty of Islamic Kadiri University in Kediri from 

August 2017 until December 2017. Materials used are Eggplant Seed EP 1003 

A with a long dose of irradiation 0 Gray, 100 Gray, 150 Gray and 200 Gray. 

Parameters observed were seedling power, plant height, stem diameter, and 

fruit (fruit length, fruit diameter and fruit weight). The results showed that 

gamma ray irradiation resulted in very significant differences in fruit weight 

one fruit and fruit weight one plant. 
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I. INTRODUCTION 

Eggplant is a native of India and Sri Lanka (Soetasad et al., 2003). Eggplants are 

included in the growing family of Solanaceae in Asia and in some African countries 

(Kallo, 1993). Eggplant is one of the horticultural crops products that have been 

widely spread in Indonesia. With the increasing variety of people's appetite for 

eggplant, its shape also experienced the development. Eggplant is a great source of 

calories that is about 24 cal. In addition to being a source of calories, eggplant also 

has a nutritional composition, among others, contains 1.5% Protein, 0.2 gr Fat, 5.5 gr 

Hydrate, 15 gr Calcium, 37 mg Phosphorus, Iron 0.4 mg, Vit.A 30 SI, Vit.B1 0.04 

mg, and Vit.C 5 mg (Peni, 1998). With such a nutritional composition, the eggplant is 

suitable for nutrition improvement. Eggplant can also be used as medicinal 
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ingredients such as skin itching, toothache, abdominal, and high blood pressure 

(Samadi, 2001). 

Demand for eggplant continues to increase in line with the increase in population 

followed by increased awareness of the benefits of vegetables in the diet, so that the 

production of eggplant needs to be improved. Development of improved varieties on 

eggplant needs to be done in order to meet the needs of the community. One plant 

breeding program to obtain improved varieties is to increase genetic diversity. Given 

the wide variability, the selection process can be done effectively because it will 

provide greater opportunities obtained the desired characters. Plant breeding is a 

science that aims to improve the nature of the plant, both qualitatively and 

quantitatively. Plant breeding aims to produce plant varieties with traits (morphology, 

physiology, biochemistry, and agronomy) in accordance with existing cultivation 

systems and desired economic goals. Plant breeding will be successful if within the 

population there is a great deal of genetic diversity that can be obtained in several 

ways: collection, introduction, hybridization, and mutation induction (Crowder, 

1986). 

Induction mutations can occur naturally or through artificial mutation. Naturally 

occurring mutations are unable to provide rapid and accurate genetic diversity and the 

probability of occurrence is very small, ie, about 10-6 (Aisha, et al., 2009). Induction 

of artificial mutations may extend plant genetic diversity through the alteration of 

gene arrangement derived from the plant itself and can be used to obtain improved 

varieties by improving some desirable properties, without altering most of its good 

properties. 

Artificial mutations can be performed by mutagenic treatment of reproductive 

material to be mutated. There are two types of mutagenic material, namely chemical 

mutagen and mutagen physics. Chemical mututions generally come from chemical 

compounds having alkyl groups, such as ethyl methane sulphonate (EMS), diethyl 

sulfate (DES), methyl methane sulfonate (MMS), hydroxyl amine, and nitrous acid. 

Mutagen physics is the radiation of nuclear energy, such as gamma ray irradiation, x-

rays and others (Ahloowalia and Maluszynski, 2001). At some level, mutations may 

cause genetic diversity that is useful in plant breeding, but the genetic change is not 

caused by recombination changes. 

One way that can be done in the development of improved varieties is to induce 

mutations with gamma ray irradiation (Sobir and Poerwanto, 2007). Irradiation can 

induce mutations because irradiated cells will be burdened by high kinetic power, 

which may affect or alter the chemical reaction of plant cells, which in turn can lead 

to changes in the chromosome arrangement of plants (Poespodarsono, 1988). 

Irradiation technology is part of nuclear technology using radioisotope. Compared to 

ordinary chemicals, radioisotope has the advantage of physical properties, which emit 

radioactive rays. These advantages have been exploited in various research activities 

including plant seed. Irradiation in some types of seeds has been applied to increase 

seed germination. The 10 Gray irradiated dose on papaya seeds increased the 

germination from 30% (control) to 50% (Chan and Lam, 2002). Several varieties of 
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rice produced from irradiation technology are also reported to have superior 

producvity, a more mature age, and drought resistance for a moment. In addition to 

the types of rice, trials and release of improved varieties have also been done on the 

types of cotton, sorghum, soybeans, and green beans (Sutrisno, 2006). 

Research purposes 

This study aims to determine the diversity of eggplant (Solanum melongena L.) from 

seeds irradiated using gamma rays, especially in growth and production. 

The research hypothesis 

1. Gamma-ray irradiation can produce plant diversity in growth and production. 

2. Various doses of irradiation have different effects. 

 

II. RESEARCH METHODOLOGY 

Object of research 

A gamma ray irradiation study was conducted at the National Atomic Agency 

(BATAN) Jakarta in May 2017, followed by a study at the Green House Plant Culture 

Tissue Biotechnology Laboratory of the Faculty of Agriculture of Kadiri Islamic 

University Kediri from August 2017 to December 2017. 

Data source 

The tools used in this research include: Gamma chamber type 4000 A., Polybag, 

Stationery, Paper hood, counterpart, seedbed box, Sliding ruler, Ruler, Camera. 

Materials used include: Eggplant seeds EP 1003 A, Fertilizers, Soil, Kokopit, 

Pesticides. 

 

Research methods 

In this study studied the influence of one factor that is the dose of gamma ray 

irradiation. The experimental design used was a complete randomized design with 3 

replications. The radiation dose factor consists of four levels: D0 (0 Gray), D1 (100 

Gray), D2 (150 Gray) and D3 (200 Gray). 

 

III. RESEARCH IMPLEMENTATION 

A. Gamma ray irradiation 

Seeds are inserted into transparent plastic and irradiated at 10% water content using 

Gamma chamber type 4000 A with Cobalt 60 (60Co) irradiation source. The 

irradiated doses used were 0 Gray, 100 Gray, 150 Gray and 200 Gray. 

B. Nursery 

Prepare seeding medium consisting of a mixture of kokopit and manure with a ratio of 

2 : 1. Insert the mixture into the seedbed box. Incorporate seeds one by one into a 
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seedbed box that already contains a mixture of kokopit and manure. Cover the seeds 

with a thin cocoon. Watering the nursery morning and evening.  

C. Preparation of Planting Media 

Preparing the planting medium consisting of a mixture of soil and manure with a ratio 

of 2 : 1. The result of the mixture of media is put into polybags measuring 10 kg. 

D. Move Cropping 

Seedlings from a 1-month-old seedlings or four-leafed sheets are moved to planting 

media that have been prepared. Seeds ready for planting are inserted into the planting 

hole that has been ditugal, then pressed down while dumped with the ground around 

the root neck root (base of stem). Perform watering on seeds that have been moved to 

plant the media. 

E. Maintenance 

Perform irrigation on a daily basis, especially in the early phases of growth and dry 

weather. Cultivate plants aged 21 hst, among others ZA dose 2.5 to 3 grams / plant, 

SP 36 2.5 - 3 grams / plant, KCl as much as 1 - 1.5 grams / plant. Fertilizer is given at 

the edge of the plant with a distance of 10 cm from the base of the stem. Second 

aftershocks were done at age 50 HST with NPK Grand S-15 fertilizer at doses of 8 to 

10 grams per plant. Fertilization is done until the third (last) of the NPK Grand S-15 

at the second harvest is done with a dose of 10 grams. 

F. Pest control 

Control of pests and diseases is done by using synthetic pesticides and fungicides 

based on the affected plant eggplant condition. Antracol 70 WP fungicide application 

with a dose of 2 g / l, at 20 hst and 30 hst plant life. While application of Decis 2,5 EC 

insecticide with dose 2 ml / l done at plant age 24 hst at the time of signs of pest 

attack. 

G. Harvest 

The fruit of the eggplant is harvested from 51-53 days after flowering is done 

gradually until the second harvest. Young fruit is white, while the old fruit is yellow. 

Harvesting is done by cutting the fruit stalk of eggplant using a knife or small 

scissors. 

H. Observations 

Observations include destructive and non destructive observations. 

Non-destructive observation is done four times, that is, include: 

a. Seedling power, counting seeds that grow while still in the nursery at age 7, 14, 21 

and 28 days after seedling. 

b. Plant height, measured from the soil surface to the tip of the shoots at age 14, 28, 

42, and 56 days after planting move. 

c. The diameter of the stem, measuring the diameter of the stem at the first harvest. 
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Destructive observations include: 

a. The length of the fruit, measuring the length of the fruit from the base to the tip of 

the fruit. 

b. Fruit diameter, measuring the diameter of the fruit using a slide rule. 

c. Everage weight one fruit, weighing the weight of fruit per newly harvested fruit. 

d. Everage weight fruit one crops, adding the weight fruit of plant at the time of 

harvest. 

 

I. Data analysis 

The observed data obtained were analyzed using variance analysis (F test) at 5% 

level. If the test results obtained a real difference then continued with the comparison 

test between treatments using the Smallest Real Differences (BNT) at 5% level. 

 

IV. RESULTS AND DISCUSSION 

A. RESULTS 

1. Seedling power 

 

Figure 1. The power to grow the eggplant seeds by treatment of gamma-ray 

irradiation dose at various age of observation. 

 

On observation of the power of growing the first week to the fourth showed varying 

results. The dose of 0 gray during the first week grows as much as 37 sprouts, second 

week 51 sprouts, third week and the same is 53 sprouts. The dose of 100 gray during 

the first week grows as much as 80 sprouts, the second week to fourth equals 93 
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sprouts. The dose of 150 gray during the first week observation increased by 18, the 

second week 48, the third week 49 and the fourth week was 52. The first week 200 

gray dose grew 58, the second until the fourth was 96. 

The percentage of seedlings grown from gamma ray irradiation at 0 gray doses was 

44.17%. At a dose of 100 grays of growth power of 77.5%. Dose 150 gray growing 

power 43,33% while dose 200 gray equal to 80%.  

More data on the percentage of growing power can be seen in the following table. 

Table 1. Percentage of seedlings grown from gamma ray irradiation 

Irradiated Dosage Percentage (%) 

0 Gray 44,17 

100 Gray 77,5 

150 Gray 43,33 

200 Gray 80 

 

2. Plant height 

Treatment of gamma ray irradiation dose (D) showed a significantly different effect 

on plant height. This can happen because the dose used is very small effect so it does 

not affect the growth and development of plants. Plant height at age 14 hst with dose 

0 gray equal to 4,19 cm, age 28 hst equal to 10,45 cm, age 42 hst by 30,72 cm, and 

age 56 hst equal to 54,79 cm. At a dose of 100 gray, plant height at age 14 hst 3.99 

cm, age 28 hst for 10.38 cm, age 42 hst for 31.98 cm and age 56 hst for 58.27 cm. 

Plant height at age 14 hst with dose 150 gray equal to 3,42 cm, age 28 hst equal to 

9,02, age 42 hst equal to 27,77 cm and at age 56 hst equal to 55,84 cm. While at dose 

200 gray, plant height at age 14 hst equal to 3,46 cm, at age 28 hst equal to 9.,6 cm, 

age 42 hst equal to 29,14 cm and age 56 hst equal to 51,84 cm. More data on plant 

height can be seen in the following table. 

Table 2. Mean of plant height (cm) of eggplant with treatment of gamma-ray 

irradiation dose at various age of observation 

Dose of irradiation plant height (cm) at various age of observation 

14 dap 28 dap 42 dap 56 dap 

D0 4,19 10,45 30,72 54,79 

D1 3,99 10,38 31,98 58,27 

D2 3,42 9,02 27,77 55,84 

D3 3,46 9,64 29,14 51,84 

LSD 5% tn tn tn tn 

Description : Numbers accompanied by the same letter in the same column show no 

significant difference based on the least significant difference (LSD) test at p = 0,05; 

dap = day after planting; tn = no real difference. 
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3. Diameter of stem 

Treatment of gamma-ray irradiation dose (D) showed no significant effect on 

diameter of stem. This can happen because the dose used is very small effect so it 

does not affect the growth and development of plants. Dose 0 gray diameter stem of 

10.37 mm, 100 gray dose of 10.09 mm, 150 gray dose of 10.23 mm and a dose of 200 

gray of 9.86 mm. More data on bar diameter can be seen in the following table. 

 

Table 3. Average stem diameter of eggplant plants by treatment of gamma ray 

irradiation dose at the time of first harvest 

Dose of irradiation Average stem diameter (mm) 

D0 10,37 

D1 10,07 

D2 10,26 

D3 9,86 

LSD 5% tn 

Description: Numbers accompanied by the same letter in the same column show no 

significant difference based on the least significant difference (LSD) test at p = 0,05; 

tn = no real difference. 

 

4. Fruit length 

Treatment of gamma ray irradiation dose (D) showed different effect not significant 

on fruit length. This is because the dose used is very small effect so it does not affect 

the production of plants. Dose 0 gray average fruit length of 12.31 cm. At a dose of 

100 gray average fruit length of 11.32 cm. Dose 150 gray average fruit length about 

10.4 cm, while at dose 200 gray average fruit length about 11,21 cm. More data about 

the average fruit length can be seen in the following table: 

Table 4. The average length of eggplant fruit in various doses of gamma ray 

irradiation 

Dose of irradiation Average fruit length (cm) 

D0 12,31 

D1 11,32 

D2 10,41 

D3 11,21 

LSD 5% tn 

Description: Numbers accompanied by the same letter in the same column show no 

significant difference based on the least significant difference (LSD) test at p = 0,05; 

tn = no real difference. 
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5. Fruit diameter 

Treatment of gamma ray irradiation dose (D) showed different effect not significant 

on fruit diameter. This is because the dose used is very small effect so it does not 

affect the production of plants. Average fruit diameter at dose 0 gray equal to 25,19 

mm. Dose 100 gray average fruit diameter of 25 mm. At a dose of 150 gray average 

fruit diameter of 23.92 mm while at a dose of 200 gray average fruit diameter of 24.01 

mm. More data on the average diameter of fruit can be seen in the following table. 

Table 5. Average diameter of eggplant fruit in various doses of gamma ray irradiation 

Dose of irradiation Average fruit diameter (mm) 

D0 25,19 

D1 25,00 

D2 23,91 

D3 24,01 

LSD 5% tn 

Description: Numbers accompanied by the same letter in the same column show no 

significant difference based on the least significant difference (LSD) test at p = 0,05; 

tn = no real difference. 

 

6. Weight one eggplant fruit 

Treatment of gamma ray irradiation dose (D) for weight variable of fruit per eggplant 

fruit showed very real effect. The highest fruit weight was obtained at a dose of 0 

gray, while the lowest fruit weight was obtained at 150 gray dose. The average dose 

of 0 gray fruit weight is 46.04 grams. At a dose of 100 gray average fruit weight of 

40.15 grams. 

For dose 150 gray average weight of fruit equal to 33,03 gram while at dose 200 gray 

equal to 38,47 gram. Complete data on the average fruit weight per fruit can be seen 

in the following table. 

Table 6. Average fruit weight one eggplant fruit at various doses of gamma-ray 

irradiation 

Dose of irradiation Average fruit weight one eggplant fruit 

(gr) 

D0 46,05 c 

D1 40,15 bc 

D2 33,04 a 

D3 38,46 ab 

LSD 5% 6,04 

Description: Numbers accompanied by the same letter in the same column show no 

significant difference based on the least significant difference (LSD) test at p = 0,05; 

tn = no real difference. 
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7. Weight in eggplant fruit all 

Treatment of gamma ray irradiation dose (D) for variable weight of fruit per plant 

showed very real effect. The highest fruit weight per plant was obtained at a dose of 0 

gray irradiation while the smallest was obtained at a dose of 150 gray. At a dose of 0 

gray weight of fruit per plant of 92.08 grams. Dosage 100 gray weight of fruit per 

plant of 80.3 grams. Dose 150 gray fruit weight per plant equal to 66,05 gram while 

at dose 200 gray equal to 76,93 gram. Complete data on the average weight of fruit 

per plant can be seen in the following table. 

Table 7. Average weight in eggplant fruit all at various doses of gamma ray 

irradiation 

Dose of irradiation Weight in eggplant fruit all (gr) 

D0 92,08 c 

D1 80,30 bc 

D2 66,05 a 

D3 76,93 ab 

LSD 5% 12,06 

Description: Numbers accompanied by the same letter in the same column show no 

significant difference based on the least significant difference (LSD) test at p = 0,05; 

tn = no real difference. 

 

B. DISCUSSION 

The results showed that the dose of gamma ray irradiation to the seeds of the eggplant 

can increase seedling growth. It is as revealed by Zanzibar (2008) that gamma ray 

irradiation is supposed to improve seed metabolism and stimulate seed to germinate. 

The highest seedlings were achieved at 200 gray irradiation doses of 80% and 100 

gray doses of 77.5%. While the lowest growing power is achieved at 150 gray 

irradiation doses of 43.33% and the dose of 0 gray is 44.17%. 

In the observation parameters of plant height data analysis showed that the increase of 

irradiation dose from 0 to 200 Gray did not cause any significant difference. High 

plant growth is quite high from 42 to 56 days after planting (hst), after age 56 hst does 

not increase the plant height. This happens because from the age of 56 hst, the plant 

has started out the flowers. At that time there has been a change from the vegetative 

phase to the generative phase, so that more photosynthesis results are distributed in the 

flower and fruit formation than for the plant's height increase. Plant height at age 14 

hst with dose 0 gray equal to 4,19 cm, age 28 hst equal to 10,45 cm, age 42 hst by 

30,72 cm, and age 56 hst equal to 54,79 cm. 

At a dose of 100 gray, plant height at age 14 hst 3.99 cm, age 28 hst for 10.38 cm, age 

42 hst for 31.98 cm and age 56 hst for 58.27 cm. Plant height at age 14 hst with dose 

150 gray equal to 3,42 cm, age 28 hst equal to 9,02, age 42 hst equal to 27,77 cm and 
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at age 56 hst equal to 55,84 cm. While at dose 200 gray, plant height at age 14 hst 

equal to 3,46 cm, at age 28 hst equal to 9.,6 cm, age 42 hst equal to 29,14 cm and age 

56 hst equal to 51,84 cm. 

Treatment of gamma-ray irradiation dose (D) showed no significant effect on diameter 

of stem. This can happen because the dose used is very small effect so it does not 

affect the growth and development of plants. Dose 0 gray diameter stem of 10.37 mm, 

100 gray dose of 10.09 mm, 150 gray dose of 10.23 mm and a dose of 200 gray of 

9.86 mm. 

Treatment of gamma ray irradiation dose (D) showed different effect not significant 

on fruit length. This is because the dose used is very small effect so it does not affect 

the production of plants. Dose 0 gray average fruit length of 12.31 cm. At a dose of 

100 gray average fruit length of 11.32 cm. Dose 150 gray average fruit length about 

10.4 cm, while at dose 200 gray average fruit length about 11,21 cm. 

Treatment of gamma ray irradiation dose (D) showed different effect not significant 

on fruit diameter. This is because the dose used is very small effect so it does not 

affect the production of plants. Average fruit diameter at dose 0 gray equal to 25,19 

mm. Dose 100 gray average fruit diameter of 25 mm. At a dose of 150 gray average 

fruit diameter of 23.92 mm while at a dose of 200 gray average fruit diameter of 24.01 

mm. 

Treatment of irradiated doses showed very significant different effects on fruit weight 

per fruit and fruit weight per plant. The weight of fruit per fruit is influenced by the 

number of seeds contained in it, the more seeds that are present in the fruit the weight 

is also increased as well as vice versa. The weight of fruit per plant influenced by the 

amount of fruit produced and the amount of fruit produced irradiated doses in this 

treatment does not affect the formation of fruit and the amount of fruit that is formed. 

The highest fruit weight was obtained at a dose of 0 gray, while the lowest fruit weight 

was obtained at 150 gray dose. The average dose of 0 gray fruit weight is 46.04 grams. 

At a dose of 100 gray average fruit weight of 40.15 grams. For dose 150 gray average 

weight of fruit equal to 33,03 gram while at dose 200 gray equal to 38,47 gram. While 

the highest fruit weight per plant was obtained at a dose of 0 gray irradiation while the 

smallest was obtained at a dose of 150 gray. At a dose of 0 gray weight of fruit per 

plant of 92.08 grams. Dosage 100 gray weight of fruit per plant of 80.3 grams. Dose 

150 gray fruit weight per plant equal to 66,05 gram while at dose 200 gray equal to 

76,93 gram. 

 

V. CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

1. Irradiated doses of 100 and 200 Gray produce the highest seedling growing 

power, while the lowest growing power is obtained at irradiated doses of 0 and 

100 Gray. 

2. The results showed that gamma ray irradiation did not give the difference between 
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dose 0 Gray (control) with 100, 150 and 200 Gray at plant height, stem diameter, 

fruit length and diameter. While the weight of fruit per fruit and fruit weight per 

plant shows a very real difference. 

3. At irradiated doses 0 Gray produces the highest fruit weight per fruit and weight 

of fruit per plant compared to doses of 100, 150 and 200 Gray. 

Recommendations  

This research is a preliminary research to produce M2 seed, so still need to do further 

research to get high diversity that can be made as parent. 
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