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Abstract
Background and Objective: The chilli production produced is still less than optimal due to obstacles from biotic and abiotic stress. Genetic
improvement of superior chilli varieties in Indonesia are very important considering that problem. The aim of this study was to induce
mutations in chilli plants to increase their genetic diversity through changes in plant morphology. Materials and Methods: This study
method is a descriptive statistical method. Local chilli cultivar seeds was used and evaluated the response on the growth of the first
generation (M1) through gamma ray irradiation treatment. This seeds irradiated with doses of 0, 100, 200 and 300 Gy. The study assessed
variations in quantitative traits such as plant height, dichotomous height, leaf area and stomata density. Data analysis used the means,
standard  deviation  and  paired  t-test  to  compare  the  means  of  the  irradiation  treatment  with  the  means  of  the  control  treatment.
Results: The variation derived from the plant height, dichotomous height, leaf area, stomata density on M1 generation affects plant
growth at vegetative phase than the control plants. Higher levels of irradiation at 300 Gy decreased the growth and development of the
chilli seedling. The low level of stomata density and supported by broad leaves really supports the better growth in a population of 100
Gy compared to the control population (0 Gy). Conclusion: Exposing chilli plants to doses ranging from 0 to 300 Gy through mutation
induction alters their growth and morphology diversity in comparison to non-irradiated plants.

Key words:  Diversity, gamma ray, Capsicum annuum L., irradiation, morphological changes

Citation:  Hanafiah, D.S., K. Lubis, Y. Hasanah, A. Lestami, R.P. Nadapdap, K. Nurhayati and K. Caniago, 2024. Morphological changes through mutation of
local chilli in North Sumatra, Indonesia. Asian J. Plant Sci., 23: 233-237.

Corresponding  Author:  Diana Sofia Hanafiah, Laboratory of Biotechnology, Department of Agrotechnology, Faculty of Agriculture, Universitas  Sumatera
Utara, Indonesia

Copyright:  © 2024 Diana Sofia Hanafiah et al.  This is an open access article distributed under the terms of the creative commons attribution License, which
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source are credited. 

Competing Interest:  The authors have declared that no competing interest exists.

Data Availability:  All relevant data are within the paper and its supporting information files.

http://crossmark.crossref.org/dialog/?doi=10.3923/ajps.2024.233.237&domain=pdf&date_stamp=2024-3-15


Asian J. Plant Sci., 23 (2): 233-237, 2024

INTRODUCTION

Red chilli (Capsicum annuum L.), holds significant
importance in horticulture, being commercially cultivated for
its considerable economic worth. It finds extensive use both in
households and the food industry. Red chillies not only add
flavor and color to dishes, stimulating appetite, but they also
boast a rich vitamin content. Furthermore, they possess
medicinal properties and serve as essential ingredients in both
medicinal and food ingredients1,2.

The low productivity of red chilli in West Java, Indonesia,
indicates that there is a serious problem in the cultivation
aspect. In addition, extreme climate change also causes red
chilli plants to be damaged. As a result, production decreases
so that the price of production increases and farmers’ income
decreases. Climate changes causes the risk of a resistance and
tolerance breakdown caused by biotic and abiotic stresses,
affect the durability of pathogens resistance and environment
tolerance. Therefore, there is an urgent need to develop new
resistant and tolerant cultivars that can be adapted to varied
pedoclimatic conditions3,4.

In North Sumatra, especially Batu Bara Regency, many
local red chillies are cultivated which have high productivity,
good quality, long life and are liked by consumers. The chilli
production produced is still less than optimal due to obstacles
from plant pest organisms.

Genetically assembling stress-resistant chilli plants is a
relatively   better   and   environmentally   friendly   solution.
This can be achieved by plant breeding techniques to produce
new varieties that are resistant to stress, including by using
mutation techniques.

Mutation  breeding  plays  a  crucial  role  in  enhancing
plant characteristics when the desired traits are absent in a
species’  gene  pool.  This  is  achieved  through  the
application of mutagens, including the use of gamma ray
exposure. The primary goal of inducing mutations in chilli
plants is to broaden their genetic variation, as evidenced by
morphological changes and environmental adaptability.

Several researchers5-8 have investigated the effects of
gamma irradiation, finding it effective in increasing both the
genetic diversity and quantitative attributes of chilli plants.
The results of these studies were expected to offer valuable
insights into enhancing the growth of chilli plants by utilizing
gamma ray irradiation.

The objective of this study was to increase the genetic
diversity of chilli plants to obtain superior plants, especially
because chilli plants are self-pollinated plants with limited
genetic variability. Therefore, it is necessary to increase genetic
diversity, one of which is by inducing gamma ray mutations to
obtain the appropriate irradiation dose.

MATERIALS AND METHODS

Study area: This study method is a descriptive statistical
method. The study was carried out from October, 2023 to
December, 2023. This study was conducted at the National
Atomic Energy Agency (BATAN) for irradiation treatments,
with the field study taking place at Universitas Sumatera Utara,
Medan. One hundred white local chilli cultivar seeds were
treated  with  gamma  irradiation  at  doses  of  0,  100,  200
and 300 Gy using a gamma irradiator chamber.

Study design: The first generation (M1) seeds that have been
irradiated are planted in a seeding medium mixed with top
soil, rice husks and compost in a ratio of 1:1:1. Chilli seeds
according to the treatment dose, are sown in small polybags
(8×9 cm in size). Transplanting is carried out when the chilli
seedlings are 3 weeks old after sowing and have 3-4 leaves.
The chilli seedlings are moved by cutting the bottom of the
plastic, then the seeds are carefully removed and planted in a
20×20 cm polybag. The media used in polybags is the same
as the media composition in nurseries. Pest and disease
control is carried out according to conditions in the field.
Maintenance is carried out in accordance with optimal
cultivation.

The number of plant samples is 10% from each irradiated
population. The study assessed variations in quantitative traits
such as plant height, dichotomous height, leaf area and
stomata density.

Statistical analysis: Data analysis used the means, standard
deviation and paired t-test to compare the means of the
irradiation treatment with the means of the control treatment.

RESULTS AND DISCUSSION

Increasing the gamma-ray dose from 100 to 300 Gy
impacted the development of chilli seeds. Higher levels of
irradiation affected the growth of the seedlings. The effect of
the irradiation treatment on the plants could be visually
assessed, including observing the plants’ growth response.

The decrease in the percentage of plant growth with
increasing doses of gamma ray irradiation is thought to be
closely related to plant physiological disorders. The
percentage of growth and the amount of seed damage
depend on the viability of the seeds and the amount of
gamma irradiation dose (Table 1).

Díaz-López et al.9 reported a negative correlation between
germination percentage and radiation, indicating that as the
radiation dose increases, germination tends to decline.
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Gamma ray irradiation treatment causing some chilli
seeds do not grow with increasing irradiation dose. The
viability of the seeds could have been adversely affected by an
imbalance caused by gamma radiation, leading to reduced
seed germination and impaired development of the plants.

Moghaddam et al.10 reported that high doses of
irradiation disrupt the hormonal balance and enzyme activities
within plant cells. Similarly, Pavadai11 attributed the reduction
in plant survival rates to physiological disruptions or
chromosomal damage inflicted on plant cells by mutagens.

The research showed that exposure to gamma irradiation
ranging from 100 to 300 Gy affected the expression of
morphological traits in each irradiated M1 generation
population. Differences in the means values   of these
morphological traits are visible when compared with
populations that were not exposed to irradiation, as shown in
Table 2.

Pavadai11  noted  the  challenges  in  determining  the
ideal   mutagenic   dose.   This   is   because   low   and   high
doses of mutagens have their respective advantages and
disadvantages. Typically, higher mutagenic doses result in a
greater number of potential mutants.

van Harten12 and Piri et al.13 explained that the M1
generation experienced physiological and biochemical
changes, along with inhibition of growth and germination,
due to irradiation. Gamma rays produce free electron radicals
that damage cell structures. The dose of gamma ray irradiation
required varies for each type of plant, causing changes in
quantitative characteristics. Anticipated changes aim at
beneficial developments and not abnormalities.

The young plants of chilli have leaves that vary with each
irradiated population. Treatment of dose irradiation causes the
appearance of leaf area and size different from control plant
Fig. 1(a-d). The higher the irradiation dose, the lower the
growth of plant height, dichotomous height and leaf area
(decreased growth was found in the 200 and 300 Gy
populations compared to the control population). The 100 Gy
population tended to have better growth in the observed
characters, especially in the leaf area character compared to
the control population (0 Gy) (Table 2, Fig. 1).

Increased doses of gamma ray irradiation affects stomata
density of chilli leaf after treated with gamma irradiation. Dose
of irradiation affects less stomata density than the control
plants Table 2, Fig. 2(a-d). The stomata density in the 100 and

Fig. 1(a-d). Plant phenotype and leaf area, (a) 0 Gy, (b) 100 Gy, (c) 200 Gy and (d) 300 Gy
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Fig. 2(a-d): Stomata density of chilli leaf, (a) 0 Gy, (b) 100 Gy, (c) 200 Gy and (d) 300 Gy

Table 1: Percentage of growth of chilli seedlings 3 weeks after planting
Irradiation dose (Gy) Growth (%)
0 85.71
100 71.43
200 57.14
300 57.14

Table 2: Effect of gamma irradiation on morphological characters white local chilli cultivar
Population

------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Characters 0 Gy 100 Gy 200 Gy 300 Gy
Plant height (cm) 44.35±1.48 48.35±0.21 25.60±2.12* 17.90±0.82**
Dichotomous height (cm) 29.90±1.41 34.30±2.69 22.75±2.62 15.20±1.28*
Leaf area (cm2) 16.20±1.86 25.99±2.48* 7.28±0.9** 5.79±1.13**
Stomata density (mm2) 204±31.70 83.34±28.87** 133.33±16.67 88.89±9.62*

300 Gy populations had a lower level of stomata density
compared to the control plant population (0 Gy). The low level
of stomata density and supported by broad leaves really
supports the processes of photosynthesis and transpiration in
a population of 100 Gy.

The genetic manipulation of stomatal density could be
one of the most promising strategies for breeders to improve
stress tolerance in crops. Water use efficiency could be
improved by decreasing stomatal transpiration without
causing a reduction in CO2 uptake under osmotic stress
conditions14.

In  various  studies15-17,  significant  alterations  in  traits
have  been  observed,  for  instance  in  sesame  plants
(Sesamum indicum), where a dose of 300-400 Gy is capable of

generating mutant plants exhibiting the desired traits.
Similarly, low-dose gamma ray irradiation at 50 and 100 Gy has
been found to enhance and improve quantitative traits in
wheat (Durum wheat). Research on soybean mutant lines
obtained the mutant lines that are candidates for resistance
lines against stem rot disease Agroathelia rolfsii.

Gamma ray exposure affects the variety of characteristics
seen in the first generation (M1) of plants via their physical
traits. In mutation breeding, especially when working with
sizable populations, evaluating the mutagenic impact and
enhancing genetic variability aids breeders in promptly
identifying populations that have been effectively treated18.
This facilitates the acquisition of desired traits and broadens
the range of options for selection.
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CONCLUSION

Mutation induction with dose range of 0 to 300 Gy affects
the growth and morphology diversity of chilli plants compared
to plants without irradiation. Further progress in this study
allows the use of mutation techniques to modify and improve
the characteristics of chilli plants so as to produce superior
plants that have high production and adapt to sub-optimal
environments.

SIGNIFICANCE STATEMENT

The purpose of this study was to find out information
about changes in morphological characters in the early
vegetative period of chilli plants caused by physical mutation
treatment. The objective of this study was to enhance the
genetic  diversity  of  chilli  plants,  particularly  since  they  are
self-pollinated crops with limited genetic variability. Future
study aims to develop chilli plants to obtain desired traits,
thereby increasing crop yields and increasing resistance to
biotic and abiotic stress.

ACKNOWLEDGMENT

The authors wish to thank Rector of the University of
Sumatera Utara and Universitas Sumatera Utara Research
Institute who has supported and funded this research with
grant number: No.2837/UN5.1.R/SK/PPM/2023.

REFERENCES

1. Nurlenawati,  N.,  A.  Jannah  and  Nimih,  2010.  Growth  and
yield response of red chillies (Capsicum annum L.) prabu
variety to a combination of doses of phosphate fertilizer and
bokashi  of  waste  straw  mushroom  [In Indonesian]. AGRIKA,
4: 9-20.

2. Marliah,  A.,  M.  Nasution  and  Armin,  2011.  Growth  and
yield  of  some  varieties  of  chili  in  different  growing  media
[In Indonesian]. J. Floratek, 6: 84-91.

3. Saidah,  Z.,  Harianto,  S.  Hartoyo  and  R.W.  Asmarantaka,
2020.  Change  on  production  and  income  of  red  chili
farmers. IOP Conf. Ser.: Earth Environ. Sci., Vol. 466.
10.1088/1755-1315/466/1/012003.

4. Parisi, M., D. Alioto and P. Tripodi, 2020. Overview of biotic
stresses in pepper (Capsicum spp.): Sources of genetic
resistance, molecular breeding and genomics. Int. J. Mol. Sci.,
Vol. 21. 10.3390/ijms21072587.

5. Gaswanto, R., M. Syukur, B.S. Purwoko and S.H. Hidayat, 2016.
Induced mutation by gamma rays irradiation to increase chilli
resistance to Begomovirus. Agrivita, 38: 24-32.

6. Tarigan, R., D.S. Hanafia, M. Sinuraya, S. Barus, A.E. Marpaung,
R.  Murtiningsih  and  A.  Sebayang,  2023.  The  effect  of
gamma rays on local chilli infected to pepper yellow leaf curl
virus infection (Begomovirus) [In Indonesian]. J. Fitopatol
Indonesia, 19: 74-82.

7. Neeraj and V. Kumar, 2022. Induced morphological mutants
by gamma rays and EMS in chilli (Capsicum annum L.).
Pharma Innovation Int. J., 11: 1306-1309.

8. Makhziah, M. and D.P. Soedjarwo, 2023. Radiosensitivity of
two local chili varieties to gamma rays. J. Teknik Pertanian
Lampung, 12: 423-430.

9. Díaz-López,    E.,    A.    Morales-Ruíz,     A.     Olivar-Hernández,
P.   Hernández-Herrera   and   M.E.   Marín-Beltran    et   al.,
2016.  Radiosensitivity  with  rays  gamma  of  60Co  at  seeds
of    Jamaica    (Hibiscus    sabdariffa    L.)     to     determine
LD50. Scholars J. Agric. Vet. Sci., 3: 93-95.

10. Moghaddam,    S.S.,    H.    Jaafar,    R.    Ibrahim,    A.    Rahmat,
M. Abdul Aziz and E. Philip, 2011. Effects of acute gamma
irradiation on physiological traits and flavonoid accumulation
of Centella asiatica. Molecules, 16: 4994-5007.

11. Pavadai, P., 2015. Studies on quantitative characters for
gamma rays treatment in soybean (Glycine max (L.) Merr.)
Var. Co-1. Int. J. Modern Cell. Mol. Biol., 4: 1-10.

12. van Harten, A.M., 1998. Mutation Breeding: Theory and
Practical Applications. Cambridge University Press,
Cambridge, England, ISBN: 9780521470742, Pages: 353.

13. Piri, I., M. Babayan, A. Tavassoli and M. Javaheri, 2011. The use
of  gamma  irradiation  in  agriculture.  Afr.  J.  Microbiol.  Res.,
5: 5806-5811.

14. Hasanuzzaman,   M.,   M.   Zhou   and   S.   Shabala,   2023.
How does stomatal density and residual transpiration
contribute to osmotic stress tolerance? Plants, Vol. 12.
10.3390/plants12030494.

15. Diouf, M., S. Boureima, T. Diop and M. Ça—2rgan 2010. Gamma
rays-induced mutant spectrum and frequency in sesame.
Turk. J. Field Crops, 15: 99-105.

16. Sakin, M.A., 2002. The use of induced micro-mutations for
quantitative characters after EMS and gamma ray treatment
in durum wheat breeding. J. Appl. Sci., 2: 1102-1107.

17. Hanafiah,   D.S.,   I.   Safni,   L.A.M.   Siregar,   R.I.M.   Damanik,
A. Lestami and M. Matondang, 2020. Resistance level of
several soybean lines of M6 generation to stem rot disease
Athelia rolfsii. Biodiversitas, 21: 4537-4542.

18. Dhondge, K.S., N.M. Maske and A.S. Khemnar, 2023. Mutation
breeding as a tool for improving plant characters: A review.
Res. J. Biotechnol., 18: 264-273.

237


	AJPS.pdf
	Page 1


