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A B S T R A C T

The objective of this study was to investigate how gamma irradiation affected the embryonic development of 
calluses and morphological alterations of mutant patchouli plantlets. The establishment of embryonic callus and 
morphological alterations concurrent with in vitro patchouli shoot and plantlet production were noted at lethal 
dosages (LD50). In addition to physical mutagens, irradiating the callus inhibited cell differentiation and in vitro 
plant growth, resulting in the development of new plant varieties. Through mutation engineering, patchouli 
plants can be improved by these circumstances. The procedure began with cultivating callus on Murashige dan 
Skoog (MS) media supplemented with 30 g L-1 sucrose, 5.5 g L-1 agar, 0.25 mg L-1 TDZ, and 1.0 mg L-1 NAA. 
The embryogenic callus was then irradiated with gamma rays at dosages of 0, 15, 30, 45, and 60 Gy before being 
subcultured on MS medium for four weeks. The percentage of living callus, callus fresh weight, and callus weight 
gain decreased gradually as the irradiation dose rose as compared to the control. The treatment without irra
diation (control) resulted in the highest percentage of callus viability, fresh weight, and weight increase. 
Treatment with 60 Gy reduced callus viability by 50 %, compared to 94.4 ± 0.06 % (control). The callus’ fresh 
weight was reduced to 39.28 %, compared to 0.28 ± 0.06 % in the 30-Gy treatment. At 60 Gy exposure, the 
lowest obtained callus weight was 1.96 ± 0.62 %, a 41.67 % decrease from 3.36 ± 1.29 (control). The median 
lethal dose (LD50) was obtained with an irradiation dose of 49.5 Gy using the regression equation Y = 0.7407x 
+ 13.333. The correlation coefficient (r) is 0.91, whereas the coefficient of determination (r2) is 0.84. A 45 Gy 
dose of radiation resulted in morphological changes in patchouli mutant plantlets.

1. Introduction

Pogostemon cablin (Blanco) Benth, commonly referred to as patch
ouli, is an aromatic therapeutic plant widely used in pharmaceuticals, 
food, aromatherapy, and perfumes [1–7] The patchouli plant produces 
volatile oils, which dissolve in alcohol and give off a pleasant aroma. In 
international trade, this oil is known as volatile oil or essential oil [7,8]. 
In terms of international trade, Indonesia’s essential oil exports were 
worth USD 248,401 in 2021 and USD 172,873 in 2022 [9]. Meanwhile, 
in the global market of essential oils, patchouli oil was valued at USD 7.6 
billion in 2018 and is predicted to grow to USD 15.1 billion by 2026 
[10]. The essential oil market has the potential to improve the livelihood 
of patchouli farmers. The demand for patchouli oil is growing year on 
year, but the total output cannot meet the demand [11–13].

Patchouli productivity in Indonesia is hampered by several factors. 
These factors include low seed quality, plants that are not resistant to 
pests and diseases, and extreme weather conditions. In addition, the 
genetic diversity of cultivated patchouli plants is still limited. Currently, 
there are only five superior varieties in Indonesia [14–17]. Limited ge
netic variation of patchouli plants due to continuous asexual/vegetative 
proliferation. Vegetative reproduction through cuttings is carried out 
because in Indonesia patchouli plants rarely even do not produce 
reproductive organs, this makes it difficult for crossbreeding to occur 
naturally [14–16]. This condition reduces the genetic diversity of 
patchouli plants and prevents opportunities for genetic variation and 
evolutionary progress, Therefore, it is essential to develop genetic di
versity to produce new superior varieties that meet national quality and 
quantity standards [17–19].
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Mutation induction is one of the approaches used in plant breeding to 
increase genetic diversity. Mutation induction can be achieved using 
chemical or physical mutagens. This approach is essential for artificially 
inducing mutations. Common chemical mutagens include azides and 
alkylating agents, while physical mutagens include electromagnetic ra
diation, such as gamma rays, X-rays, UV rays, and other particle radia
tion [23].

UV light and gamma rays both can increase genetic diversity, but are 
fundamentally different in their mechanisms of inducing mutagenesis. 
UV light mainly causes point mutations by forming pyrimidine dimers, 
which interfere with DNA replication and transcription. In contrast, 
gamma rays can induce a variety of mutations, including point muta
tions, deletions, and chromosomal rearrangements, due to their broader 
DNA-damaging effects [24,25]. Plants have DNA repair mechanisms to 
counteract UV damage, such as light-dependent photoreactivation and 
light-independent nucleotide excision repair. The efficiency of these 
repair processes determines the level of mutation that occurs [26,27].

Research using UV light demonstrates the potential the potential for 
genetic changes in plants. For example, UV-B radiation can affect the 
genomic stability of mutant Arabidopsis plants [23]. UV-C irradiation 
impacts several morphological characteristics of patchouli, including 
causing chlorosis, delaying shoot development, increasing the number 
of shoots and leaves, and promoting higher shoot growth. UV-C also can 
inhibit the growth and development of Arabidopsis plants [26,28].

Gamma irradiation has been commonly used to enhance plant ge
netic diversity. Studies on Paspalum grass have demonstrated that callus 
irradiation significantly inhibits plant survival, differentiation, and 
regeneration, and is effective in creating new genetic variation [29]. In 
vitro mutagenesis in potatoes, using gamma irradiation doses of 5–50 
Gy, has resulted in six variants with improved agronomic properties and 
higher production [30]. In patchouli mutant patchouli plants, gamma 
ray irradiation (50–100 Gy) showed genetic diversity stability up to 
MV3, resulting in variations in leaf angles, branch lengths, and soma
klonal variations [15,20,21].

This study used embryogenic callus derived from patchouli leaf ex
plants, which were exposed to gamma rays at doses of 0, 15, 30, 45, and 
60 Gy. The median lethal dose (LD50) was determined based on the 
percentage of callus death, and a value of 49.5 Gy was obtained. 
Although this study is still in its early stages, morphological changes 
have been successfully observed. In another study [33], embryogenic 
callus derived from nucleus segments of Citrus reticulata cv. Honey, 
lemon was irradiated with gamma rays at doses of 10–120 Gy. The re
sults indicated a median lethal dose of 30 Gy, although molecular tests 
did not show genetic diversity.

The results of the study [36] indicate that starting at a dose of 30 Gy, 
there is a significant decrease in the observed variables. A dose of 60 Gy 
resulted in only 10 % callus growth. Research on patchouli cuttings 
irradiated with gamma rays at doses between 0 and 130 Gy revealed 
changes in various morphological properties of the plants, such as leaf 
angles. In addition, doses of 0–20 Gy reduced the potential for callus 
growth [31,35]. Based on these findings, this study selected irradiation 
doses of 0, 15, 30, 45, and 60 Gy to determine the median lethal dose 
(LD50) of embryogenic callus derived from the leaf explants of patch
ouli, var. Lhokseumawe. This is because the irradiation dose and type of 
explant are crucial factors in the irradiation of plant material [37].

In the long term, this research aims to produce mutant patchouli 
plants with desirable traits for farmers and cultivators. Mutant plants 
have shown promising results under controlled experimental conditions. 
However, to efficiently apply these plants in the field, a series of field 
tests are necessary to determine the optimal growth conditions and 
productivity. These trials will involve various environmental conditions, 

soil types, and agronomic practices to ensure the mutants’ adaptability 
and effectiveness in diverse agricultural settings. The stability of mutant 
plants is crucial for the success of their application. Preliminary data 
indicate that this variant exhibits consistent traits across generations in a 
controlled environment. However, to ensure stability under field con
ditions, further research is needed through extensive multi-year trials 
[38–40].

The use of gamma irradiation for mutation induction is a well- 
established technique in several plants, but in patchouli even though 
this study has been carried out but does not answer the median lethal 
dose (LD50) value of the patchouli callus from var Lhokseumawe, at this 
value there is a mutation efficiency to produce mutations [20,22,23]. 
Furthermore, the results of this study provide unique success in changes 
in plantlet morphology that have never been reported before.

This study aims to determine the median lethal dose (LD50) of 
patchouli embryogenic callus through gamma ray-induced mutagenesis, 
the development of the callus after exposure to gamma rays, and 
morphological changes that occur in plantlets and enrich the germplasm 
resources of patchouli. Implementing this research will accelerate the 
target breeding process, give farmers access to high-quality parent ma
terial, and lay the foundation for future mining of positive trait genes.

2. Materials and method

2.1. Sample collection

Patchouli plant seedlings come from the source garden of Pante 
Gelima in West Labuan Haji, South Aceh, at coordinates 3◦ 35′ 27.46″ N 
and 96◦ 57.989632′ E. The seedlings are then maintained and cared for 
until they reach the age of four months. (Fig. 1a).

2.2. Initiation of embryogenic callus

An embryogenic callus is an undifferentiated but potentially complex 
plant cell that has the potential to develop into a somatic embryo, which 
can then be regenerated into a complete plant [24]. The initiation stage 
took place at the Plant Physiology Laboratory, Faculty of Mathematics 
and Natural Sciences, Syiah Kuala University. The patchouli used is the 
Lhokseumawe variety. The patchouli leaves in the second segment, 
measuring ±5 cm long and ±3 cm wide, serve as a source of explant 
(Fig. 1b). Patchouli leaves are washed under running water, soaked in 
detergent (2 g L− 1) for ±10 minutes, and rinsed properly. The leaves are 
soaked in a solution of 20 WP bactericidal and 50 WP fungicide (2 g L− 1) 
for about 15 minutes, then washed thoroughly. The explant is soaked for 
approximately 10 minutes in a solution of the antibiotic amoxicillin and 
ascorbic acid (2 g L− 1). Patchouli leaves are cut into 0.5 cm × 0.5 cm 
pieces and then put into Murashige and Skoog (MS) medium containing 
30 g of L− 1 sucrose, 5.5 g of L− 1 agar, and plant growth regulator TDZ 
0.25 mg L− 1 + NAA 1.0 mg L− 1. Embryogenic calluses are generated 
using the same medium and regulator. The explant is cultivated under a 
16-W fluorescent lamp (Philips T8 Ecofit Cool Daylight) at 23-25 ◦C, 
±70–85 % humidity of the culture chamber, with a light intensity of 
1500–2000 lux for eight weeks.

2.3. Gamma irradiation in callus cultures in vitro

Gamma-ray irradiation was applied to an embryo callus that was 
about eight weeks old at the Center for Technology Services of the Nu
clear Energy Research Organization, National Research and Innovation 
Agency (BRIN), Jakarta. Gamma radiation is generated from 60 cobalts 
using a 4000A Gamma Chamber irradiator. This study used gamma 
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irradiation with irradiation doses of 0, 15, 30, 45, and 60 Gy. After 
irradiation, embryogenic calluses are subcultured on the previous MS 
medium without the addition of a plant regulator. Each bottle contains 
four times. The explant is re-incubated under fluorescent lamps, ±15 cm 
from the top of the culture bottle cap. The treatment consists of varying 
levels of irradiation doses, which are repeated nine times. The experi
ment follows a completely random design. After four weeks, observa
tions were made on the variable percentage of live calluses, callus 
deaths, callus weight growth, and average fresh callus weight, the me
dian lethal dose (LD50) was calculated using the callus mortality per
centage graph. The formula used is:  

The callus quality index value based on the color variation of the 
callus is used to measure the callus quality variable. The quality index 
values of the callus are bright white/greenish-white callus = 5, 
yellowish-white callus = 4, brownish-yellow callus = 3, brown callus =
2, black callus = 1, and dead callus = 0 (Kadir et al., 2007). 

Morphological changes are determined on patchouli mutant plantlets by 
examining the changes that occur. Visual observations are made and 
explained by the results of the documentation. The percentage of live 
calluses, weight fresh calluses, and weight gain fresh calluses were 
analyzed using the ANOVA test, followed by Duncan’s Multiple Range 
Test (DMRT). Data was analyzed using IBM SPSS 21.0 and Microsoft 
Excel 2021 software.

3. Results and discussion

3.1. Callus growth and LD50 value

The effect of gamma irradiation on callus growth can be seen in 
Table 1. Embryogenic calluses exposed to gamma rays at doses ranging 
from 0 to 60 Gy show varying responses in terms of callus development 
capabilities. The percentage of live calluses, heavy fresh calluses, and 
growing calluses decreased gradually as the dose of irradiation increased 
compared to controls. Irradiation at 30 Gy reduced the viability of 
embryogenic callus by 44.1 % compared to control (94.4 ± 0.06 to 52.8 
± 0.04 %). The 60 Gy treatment reduced callus vibrability by 50 % 
compared to control (94.4 ± 0.06 to 47.2 ± 0.05). The Duncan double 
range test (P < 0.05) at the level of 5 % revealed no significant difference 
between the 30–60 Gy treatments, although the mean values produced 
by each treatment were different.

At 30 Gy irradiation, the weight of fresh callus decreased by 39.28 % 
compared to the control, from 0.28 ± 0.06 to 0.17 ± 0.04 %. These 
results did not differ significantly from irradiation exposure of 45 and 60 
Gy at a rate of 5 %, according to the Duncan test (P < 0.05). The 
treatment without irradiation (control) resulted in the largest growth in 
fresh callus weight (3.36 ± 1.29 %). These results are very different 
from 15 to 60 Gy irradiation treatments, according to Duncan’s test. At 
60 Gy irradiation, the smallest addition to the weight of fresh callus was 
1.96 ± 0.62 %, a decrease of 41.67 % from the control of 3.36 ± 1.29. 
According to the Duncan test (P < 0.05) at a rate of 5 %, an irradiation 

Fig. 1. a). Patchouli plant var. Lhokseumawe; b). Patchouli leaf explants; c). Embryogenic callus The patchouli plant used is the Lhokseumawe variety from the 
source garden in Gampong Pante Gelima, Labuan Haji Barat District, South Aceh Regency, with coordinates 3◦ 35′ 27.46″ N and 96◦57.989632′ 00″ E (Fig. 1a). In 
Fig. 1b, the explants. Patchouli leaves used for callus initiation were taken from the second internode of patchouli plants with a size of ±5 cm. The selected leaves had 
fresh conditions and no pest or disease problems. Embryogenic callus aged eight weeks after initiation (WAI) (Fig. 1c) is the genetic material used as a source 
of diversity.

Table 1 
The percentage of live callus, percentage of callus mortality, fresh weight, and 
percentage of callus weight growth.

Irradiation 
dose (Gy)

Live Callus 
(%)

Callus 
Mortality 
(%)

Fresh Weight 
(g)

Weight Growth 
(%)

0 (control) 94.4 ± 0.06a 5.56 0.28 ± 0.06a 3.36 ± 1.29a

15 72.2 ± 0.04b 27.78 0.23 ± 0.04b 2.65 ± 1.32ab

30 52.8 ± 0.04c 47.22 0.17 ± 0.04c 2.24 ± 0.88b

45 55.5 ± 0.05c 44.44 0.20 ± 0.05c 2.19 ± 1.02b

60 47.2 ± 0.05c 52.78 0.19 ± 0.05c 1.96 ± 0.62b

Notes: Mean values followed by the same letter in the same column are not 
significantly different based on Duncan’s Multiple Range Test (DMRT) at 5 %.

%Living Callus [25]

% Living Callus =
Ʃ Live Callus

Ʃ Explants in each treatment
x 100% 1)

%Callus Weight Growth

%Callus Weight Growth =
Difference in Callus Weight

Initial Callus Weight of Each Treatment
x 100%

[26]

2)U 
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treatment of 15–60 Gy produced similar results, however, the average 
value of fresh weight gain of the formed callus was different.

Efficient induction of mutagenesis by gamma radiation requires 
determination of the optimal radiation dose; i.e. a dose that reduces 50 
% of the population (median lethal dose, LD50) [28]. Increased expo
sure to irradiation doses increases the percentage of calluses that die. 
This is shown by a regression analysis of Y = 0.7407x + 13.333, where Y 

is the percentage of dead callus and X is the dose of gamma irradiation. 
The regression equation showed that the median lethal dose (LD50) 
occurred at an irradiation dose of 49.5 Gy. The correlation coefficient (r) 
is 0.91, and the determination coefficient (r2) is 0.84 (Fig. 2).

3.2. Callus quality index value

Gamma irradiation of patchouli embryogenic calluses causes 
changes in the quality index value of patchoulics. Table 2 and Fig. 3
show the observations of the callus quality index at two weeks and at 
four weeks after the irradiation (WAIr). After exposure to gamma irra
diation, embryogenic calluses undergo various developmental patterns. 
Embryogenic calluses after a dose of 0 Gy on two WAIr had an index 
value of 4.6; calluses are white or greenish, with some greenish ten
dency. In the four WAIr, most calluses had undergone organogenesis, 
with the callus quality index value increasing to 5.0 (Fig. 3 a1; b1; and 
Table 2). Exposure to an irradiation dose of 60 Gy resulted in the lowest 
callus quality index value when compared to exposure to 15–45 Gy. On 
two WAIr, the callus quality index score was 3.0, which rose to 3.2 on 

Fig. 2. The median lethal dose (LD 50) of embryogenic callus of patchouli mutants.

Table 2 
Quality index values of patchouli embryogenic callus after radiation with 
different gamma irradiation.

Gamma Irradiation Dose (Gy), Callus Quality Index Value

two week four week

0 4,60 5,00
15 3,30 4,00
30 4,25 4,50
45 4,30 4.60
60 3,00 3,20

Fig. 3. Effect of gamma irradiation exposure on callus quality index values based on observation time (A) two weak and (B) four weak in-dose treatments (1) 0 Gy, 
(2) 15 Gy, (3) 30 Gy, (4) 45 Gy and (5) 60 Gy.
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four WAIr. Fig. 3 b5 shows that most of the callus is brownish-yellow as a 
result of 60 Gy irradiation exposure, with certain parts of the callus 
displaying a green color.

The callus quality index values of embryogenic calluses exposed to 
irradiation doses ranged from 15 to 45 Gy were 3.0–4.3 in two WAIr, 
with the dominant brownish-yellow callus color. In four WAIr, the 
quality index value of calluses increased to 4.0–4.6, the color of calluses 
changed to greenish-yellow, and some calluses had reached the organ
ogenesis stage.

3.3. Changes in patchouli mutant plantlet morphology

Morphological changes in patchouli mutant plantlets in vitro were 
seen at an irradiation dose of 45 Gy. Changes have been seen in the form 
of leaf organs, stem morphology, and the number of leaves in the stem 
segments. The leaves of patchouli mutant plantlets have branches on the 
leaf bones, resulting in a different morphology, from patchouli leaves 
without gamma ray irradiation, ovoid in shape. Another morphological 
change is an increase in the diameter of the stem organ of the mutant 
plantlet. Patchouli mutant plantlets have larger stems than normal 
patchouli stem organs in the absence of irradiation. Furthermore, the 
spacing between the stem segments on patchouli mutant plantlets nar
rowed, causing the leaves to grow densely and produce four leaves per 
internode, compared to the irradiated plantlet, which had two leaves per 
internode. Patchouli mutant plantlets exhibit different morphological 
properties after 45 Gy gamma ray treatment (Fig. 4).

Morphological alterations in patchouli mutant plantlets have been 
effectively detected. Fig. 4a shows patchouli plantlets without gamma 
irradiation, with normal development, stems, and leaves, and two leaves 
per node. Fig. 4b depicts morphological changes in the leaf organ, spe
cifically its branching. Fig. 4c depicts a bigger stem with leaves that 
grow closely and thickly. Fig. 4d shows mutant plantlets with longer 
stems and four leaves on each node.

4. Discussion

Gamma radiation can increase the formation of free radicals and 
reactive oxygen species (ROS) in plant cells, causing damage to cell 
membranes, proteins, and DNA by disrupting cellular balance. When 
gamma rays are exposed at high levels, they create and collect ROS that 
is harmful to the tissues [29]. Increased production of ROS in response to 
environmental stresses leads to lipid peroxidation, protein oxidation, 
nucleic acid damage, enzyme inhibition, and activation of programmed 
cell death pathways (PCDs), which pose a threat to cells and ultimately 
lead to cell death [30]. Gamma ray irradiation on plant tissues will 
damage the bases and sugars in DNA and cause nucleotide bases to be 
detached, damaged, or change their molecular arrangement due to 
damage to chromosomes in plant cells, which will affect plant meta
bolism [31,32].

Exposure to gamma-ray irradiation results in a decrease in the sur
vival rate of explants because ionizing radiation produces free radicals 
that can attack cellular components. Free radical reactions harm 

macromolecules such as carbohydrates, lipids, proteins, enzymes, and 
nucleic acids, which affect the primary metabolism of plants [33]. In 
addition, photosynthesis, respiration, the Krebs cycle, and biomolecular 
metabolism can all be affected by radiation [26]. Damage to DNA due to 
ionizing radiation results in disruption of the G1 and G2 phase processes 
that are important for cell division and DNA synthesis, as a result of 
which cell growth slows down or stops, the mass of the callus does not 
increase [34].

The results of this study are in accordance with the results reported 
by (Banyo et al. [35], Their study on patchouli plant shoot explants with 
a culture time of eight weeks revealed that the treatment without irra
diation was able to form shoots with a percentage of 100 %. Explants 
irradiated at doses of 15–45 Gy are able to develop buds at a rate of 
77.7–95.5 %, while explants irradiated at high doses (60 and 75 Gy) can 
only form buds at a rate of less than 13–20 %. This also happens in the 
results of research [36] which shows that a maximum dose of 40 Gy has 
the lowest survival percentage and treatment with 0 Gy has the highest 
proportion of survival calluses. Thus, the dose of irradiation has a sig
nificant impact on the ability of each embryogenic callus to develop, as 
the growth of the callus can be suppressed by increasing the dose of 
gamma irradiation.

The optimal radiation dose is the amount that causes 50 % damage, 
also known as the median lethal dose (LD50) [44,52,53]. The median 
lethal dose (LD50) can be determined by plant viability/seed, plant 
mass/weight, plant height, number of seeds grown, or number of plants 
or seeds that do not grow [37,38]. Resistance to gamma irradiation 
varies according to the type of plant, period of development, size of 
mutant material, and genotype [39,40]. The percentage of callus mor
tality was used in this study to calculate the LD50 of patchouli 
embryogenic calluses. Based on the calculation of LD50, it is estimated 
that 49.5 Gy using the linear regression equation Y = 0.7407x + 13.333. 
The equation gives the correlation coefficient (r = 0.91) and the deter
mination coefficient (r2 = 0.84). The resulting correlation coefficient 
shows a strong relationship between the variables, and since it is posi
tive, all variables change in the same direction, implying that the higher 
the dose of irradiation, the higher the proportion of callus death. The 
determination coefficient (r2 = 0.84) shows that the irradiation dose 
determines 84 % of callus mortality. The results of this study are 
different from Ref. [41] LD50 value of patchouli var. Patchoulina 2 is 
29.05 Gy. The difference can be attributed to the use of different vari
eties. From some general research results, it was obtained that LD50 was 
determined as the optimal dose to obtain mutations without causing 
total death, the use of higher doses than LD50 caused drastic growth 
inhibition. LD50 in plants differs depending on the type of species and 
the level of sensitivity to mutagens [28,34,42].

In this study, to assess the viability of calluses, the quality index 
value of calluses is used. The value of this index reflects the success rate 
of callus cultures and their potential in plant regeneration [34]. Ac
cording to Ref. [43] Golden brown calluses are less embryogenic than 
white to yellowish-white calluses. The color of the callus will become 
more blackish-brown as the dose of irradiation increases [35,44]. This 
can be explained as follows: exposure to gamma rays interacts with 

Fig. 4. Patchouli mutant plantlets exposed to a 45 Gy dosage of gamma irradiation were shown to have different characteristics. (a) Patchouli plantlets without 
irradiation, (b) Morphological alterations in leaf organs, (c) alterations in stem and leaf morphology, and (d) Changes in stem and node morphology.
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water molecules in cells, and produces free radicals such as hydroxyl, 
superoxide and hydrogen peroxide. Brushed free radicals are highly 
reactive and will damage lipid membranes, proteins and DNA so that 
physiological imbalances and cell necrosis occur. Consequently, lipid 
peroxide produces oxidative pigments, resulting in a color change in the 
callus [60,61]. Another possibility is due to fluctuations in polyphenol 
oxidase (PPO) and peroxidase (POD) activities that catalyze the phenol 
to darken in color [30]. PPO enzymes are a type of plant defense against 
stress and physiological metabolism [45]. Radiation can damage plant 
metabolism-related chemicals such as auxins, chlorophyll, and proteins, 
consequently inhibiting growth [31]). Similarly, studies on Chrysan
themum plants found that mutagens can affect hormonal function, 
especially cytokinins, and produce physiological changes in bud growth 
[46]. Observations on four WAIrs showed that calluses exposed to 
gamma ray radiation began to grow back, marked by an increase in the 
quality index value of calluses. Plants have DNA repair systems, 
including Base Excision Repair (BER) which repairs small damage to 
DNA bases, Non-Homologous End Joining (NHEJ) which reconnects 
broken DNA, Homologous Recombination (HR) which restores DNA 
sequences by using copies of other DNA. If this repair system is suc
cessful, the surviving cells can again actively divide and form new tis
sues [47]. In addition, the ability of plants to adapt to environmental 
stimuli helps them to live in a changing environment [48].

Morphological changes in patchouli mutants were identified at 45 Gy 
irradiation treatment. According to Ref. [36] patchouli mutants pro
duced by colchicine treatment varied in qualitative characteristics (leaf 
shape, leaf color, leaf base, and leaf margin) and quantitative charac
teristics (plant height, number of petioles), with the two groups of mu
tants having a genetic similarity of 62.62 % based on morphology. 
Gamma irradiation can cause mutations in anatomical and morpholog
ical features [4]. The same results were also seen in a study conducted by 
Ref. [49] Single-leaf stem cuttings and patchouli axillary shoots treated 
with 30 Gy gamma irradiation produce different morphologies, all of 
which are erect plants with glossy dark green leaves that can be prop
agated through stem cuttings for generations. According to Ref. [5] 
Patchouli plants exposed to gamma radiation develop more patchouli 
mutant phenotypes and have a much greater alcohol content of fresh 
herbs, oils, and patchouli on average than control plants. In general, 
variations in nutrients and temperature will cause variations in patch
ouli anatomical features, such as trichomes, stem color, and leaf shape 
[18]). The effects of radiation begin with random actions resulting in 
molecular injury. As a result, the characteristics of radiation damage 
gradually appear and manifest themselves in various phenomena. As a 
result, the more intense the plant is chosen for radiation exposure and 
sensitivity, the higher the level of irradiation [48]. The results of studies 
on rice plants exposed to gamma ray irradiation showed that low-level 
gamma radiation regulated the expression of rice leaf genes differently 
[50]. Studies in tomato plants showed that chronic gamma irradiation 
reduced the expression of two tricoma-related genes and affected the 
expression levels of 11 genes associated with reactive oxygen species 
(ROS). This is detected in M2 plants. Tricoma density and fruit shape 
were similar between M2 and control plants; however, a decrease in leaf 
length and seed count was detected in M2 plants. Interestingly, changes 
in the expression of four ROS-related genes (ZAT10, Mn-SOD, POD3, 
and RBOH1) found in M1 plants were detected in M2 plants. Thus, 
changes in phenotype and gene expression induced by chronic gamma 
irradiation are transmitted to the next generation [51]. Genetic varia
tion is an important source of germplasm diversity, as it provides a 
source of alleles that contribute to the development of new traits for 
plant breeding [52]. The diverse effects of gamma radiation are essen
tially the result of individual responses and the phenotypic plasticity of 
individual organisms. However, even implicit opportunities can be 
reduced by specific genetic breeding, environmental adaptations, or 
conservation goals [28].

The use of chemical mutagen has been reported in plants such as EMS 
mutagenesis used in plant development research and tolerance to abiotic 

stress [53] For patchouli plants, the use of colchicine has changed the 
shape of patchouli leaves [54], In chili peppers, the use of colchicine 
successfully has a significant effect on the ploid level and some of the 
morphological characters of Katokkon chili. Kokchiin treatment in
creases the number of fruits per plant and thicker pulp but reduces the 
size and weight of Katokkon chili peppers [53].

From the results of this study, the morphological changes that have 
been successfully observed can be a new hope for increasing the di
versity or genetic variation of patchouli plants. The important topic of 
this research is the effect of gamma ray irradiation that causes 
morphological changes indicating increased genetic diversity in patch
ouli. However, because this research is limited to in vitro observations, 
further research is needed to determine the long-term effects of this 
mutation on field performance before definitive conclusions can be 
drawn.

5. Conclusions

Gamma irradiation at varying doses significantly affects the per
centage of living callus, fresh callus weight, and callus growth weight. 
The percentage of living callus, fresh callus weight, and callus growth 
weight gradually decreased with increasing irradiation doses compared 
to the control. The embryonic callus of patchouli var. Lhokseumawe has 
median lethal dose (LD50) of 49.5 Gy. The quality index value of the 
patchouli callus decreases with higher irradiation doses, both two and 
four weeks after irradiation (WAIr). The mutant patchouli plantlets 
showed morphological changes after a radiation dose of 45 Gy. This 
study shows that gamma irradiation can induce morphological changes 
in vitro patchouli plantlets. However, further studies are needed to 
evaluate the stability of these mutations in field conditions and their 
impact on the improvement of mutant plant quality. The development of 
patchouli plant mutants with high patchouli oil production, improved 
resistance to pest attacks, and better tolerance to marginal growing 
environments can be achieved by selecting promising patchouli mutants 
from this research. This approach can maximize the future potential of 
the promising patchouli plant mutants.
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