Jurnal Agrikultura 2024, 35 (2): 284 - 297

P-ISSN 0853-2885
E-ISSN 2685-3345

Evaluation of Morphological and Cytological Variations in Colchicine-
Induced M; and M Generations of Bambara Groundnut ( Vigna subterranea

L)

Tarra Syifa Alisha’, Darmawan Saptadi, and Damanhuri

Department of Agronomy, Faculty of Agriculture, Brawijaya University
J1. Veteran, Ketawanggede, Kec. Lowokwaru, Kota Malang 65145

*Alamat korespondensi: arrasyifa@student.ub.ac.id

INFO ARTIKEL ABSTRACT/ABSTRAK
Diterima: 14-03-2024
Direvisi:  29-07-2024 Evaluasi keragaman morfologi dan sitologi generasi M: dan M2 kacang

Dipublikasi: 11-08-2024

Keywords:
Chromosome number,
Genetic resource, Leaf
length, Mutation,
Stomata density

Kata Kunci:

Jumlah kromosom,
Kerapatan stomata,
Mutasi, Panjang daun,
Sumberdaya genetik

bambara ( Vigna subterranea L.) yang diinduksi dengan kolkisin

Bambara groundnut (Vigna subterraneal.) has the potential to secure food
supply in the face of climate change. However, limited genetic resources hinder
the development of superior bambara groundnut varieties in Indonesia.
Mutation breeding using colchicine is one method of increasing variability on
bambara groundnut. This study aimed to evaluate the morphological and
cytological variability in two generations of bambara groundnut induced by
colchicine at different concentrations. The experiments were conducted in two
different times and locations, i.e., March-July 2022 at experimental fields of the
Agriculture Faculty Brawijaya University, and March-July 2023 in a
greenhouse in Joyo Agung, Lowokwaru District, Malang City, East Java.
Seedlings were treated with different concentrations of colchicine (0, 0.1, 0.2,
0.3, and 0.4%) using the drip method on the apical bud. The morphological and
cytological characteristics were studied for M1 and M2 generations. The results
showed that colchicine induction increased the variability of morphological
and cytological characters in two generations. Colchicine treatment affected
changes in the morphology and cytology of bambara groundnut plants in the
M: and M: generations. In the M2 generation, colchicine treatment with a
concentration of 0.4% increased leaf width by 31%, leaf length by 32%,
flowering time by 28%, seed width by 29%, seed length by 47%, weight of 100
seeds by 3%, stomata width by 20%, and stomata length by 25% compared to
control plants. However, it also reduced the number of leaves by 30%, plant
height by 1%, number of seeds per plant by 58%, seed weight per plant by 56%,
and stomata density by 15% compared to control plants. The colchicine
treatment increased chromosome number in the M2 generation so that it can be
used to increase variability and overcome the limitations of the genetic
resources of bambara groundnut.

Kacang bambara ( Vigna subterranea L.) memiliki potensi dalam mengamankan
pasokan pangan dalam menghadapi perubahan iklim karena memiliki manfaat
dari aspek kandungan gizi, kesehatan, dan agronominya. Keterbatasan
sumberdaya genetik menghambat pengembangan varietas unggul kacang
bambara di Indonesia. Pemuliaan mutasi menggunakan kolkisin merupakan
salah satu metode untuk meningkatkan keragaman kacang bambara. Penelitian
ini bertujuan untuk mengevaluasi keragaman morfologi dan sitologi pada dua
generasi kacang bambara yang diinduksi oleh kolkisin pada konsentrasi yang
berbeda. Eksperimen dilakukan di dua waktu dan lokasi yang berbeda, yaitu
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Maret-Juli 2022 di lapangan percobaan Fakultas Pertanian Universitas
Brawijaya dan Maret-Juli 2023 di rumah kaca di wilayah Joyo Agung,
Lowokwaru, Kota Malang, Jawa Timur. Perlakuan kolkisin dilakukan dengan
metode tetes pada pucuk apikal bibit dengan konsentrasi yang berbeda (0, 0,1,
0,2, 0,3, dan 0,4%). Pengamatan karakteristik morfologi dan sitologi dilakukan
pada generasi Mi dan M. Perlakuan kolkisin mempengaruhi perubahan
morfologi dan sitologi tanaman kacang bambara pada generasi M1 dan M. Pada
generasi Mz, perlakuan kolkisin konsentrasi 0,4% meningkatkan lebar daun
sebesar 31%, panjang daun sebesar 32%, waktu berbunga sebesar 28%, lebar biji
sebesar 29%, panjang biji sebesar 47%, bobot 100 biji sebesar 3%, lebar stomata
sebesar 20%, dan panjang stomata sebesar 25% dibandingkan dengan kontrol.
Namun, perlakuan kolkisin menurunkan jumlah daun sebesar 30%, tinggi
tanaman sebesar 1%, jumlah biji pertanaman sebesar 58%, bobot biji
pertanaman sebesar 56%, dan kerapatan stomata sebesar 15% dibandingkan
dengan kontrol. Perlakuan induksi kolkisin menyebabkan peningkatan jumlah
kromosom pada generasi M2 sehingga dapat digunakan untuk meningkatkan

variasi dan mengatasi keterbatasan sumber daya genetik kacang Bambara.

INTRODUCTION

Bambara groundnut ( Vigna subterraneal.)isa
legume from Africa, now widely grown in America,
Asia (mainly in India, Indonesia, Malaysia,
Philippines, and Thailand), and Australia (Khan et al,
2021). Many studies reveal that this plant is a
promising food crop due to its climate-smart features
and essential nutrient contents. Often referred to as a
‘complete food,’ groundnut contains
macronutrients such as carbohydrates (64.4%),
protein (23.6%), fat (6.6%) and fiber (5.5%) as well as
micronutrients such as K (11.44-19.35 mg/100 g), Fe
(4.9-48 mg/100 g), Na (2.9-12.0 mg/100 g), and Ca
(95.8-99 mg/ 100 g) (Paliwal er al, 2021).
Additionally, it and
flavonoids, which are cancer-curing antioxidants
(Jideani & Diedericks, 2014). This plant is tolerant to
drought and poor soil conditions such as salt stress
and low nutrients (Mayes et al, 2019; Paliwal er al,
2020), and it can be cultivated under conditions

bambara

includes anthocyanins

where peanuts fail (Temegne, 2018), making it a
climate-smart crop. Therefore, bambara groundnut is
essential in food diversification programs to improve
global food and nutrition security in the face of
climate change.

Bambara groundnut is an underutilized crop.
To date, superior varieties have yet to be developed
in Indonesia, causing many farmers to rely on local
genotypes their Consequently,
productivity in Indonesia is low, with an average
yield of only one ton per hectare of dry pods (Sari er
al, 2022). The Underutilised Crop Research Center at

for cultivation.

the Faculty of Agriculture, Brawijaya University, has
been conducting plant breeding efforts to produce
superior varieties through exploration, collection,
and selection activities for strains cultivated in
Indonesia (Kuswanto et al, 2012; Nuryati et al,, 2014;
Arif et al, 2016; Nugraha et al, 2017; Saptadi et al,
2021). However, these methods have yet to achieve
satisfactory production potential due to the low level
of genetic variability and the limited number of high-
yield genetic sources (Saptadi et al, 2021; Sari et al,
2022). Therefore, increasing genetic variability is
essential to obtain high-yielding genotypes. One
feasible technique for enhancing plant variability is
polyploidization.

Polyploidization refers to the process of
producing plants with two or more complete sets of
chromosomes, known as polyploid (Soltis et al,
2015). Genomic changes due to polyploidization lead
to polyploids exhibiting greater genetic variability
than diploid organisms (Trojak-Goluch er al, 2021).
This new genetic variability resulting from the
induction of polyploidy in bambara groundnut is
crucial for selection efforts to improve yield
characteristics. Wide genetic variation provides the
basis for breeders to select plants with enhanced
traits, thereby increasing the potential for developing
high-yielding varieties (He & Li, 2020). Polyploid
plants often exhibit larger = morphological
characteristics, such as increased leaf, stem, and root
size, which can benefit yield and crop production
(Dhooghe et al, 2011).

Mitotic polyploidization is the most common
method for doubling the number of chromosomes in
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crop plants' somatic cells. This technique involves
using chemicals that disrupt the process of mitosis in
plant somatic cells (Trojak-Goluch et al, 2021). One
of the most widely used antimitotic for inducing
polyploidy is colchicine, which has proven effective
in many plant species (Urwin, 2014; Mo er al, 2020).
Colchicine prevents the formation of tubulin dimers
by binding to f-tubulin, thereby inhibiting
microtubule formation. The absence of microtubules
during mitosis results in incomplete chromosome
separation, leading to cells with doubled sets of
chromosomes and the formation of a polyploid
organism (Chaikam er al, 2019). However, plant
polyploidization using this mutagen is one of the
unexplored approaches for varietal improvements
and the generation of basic genetic information of
grain legumes (Mangena & Mushadu, 2023), such as
bambara groundnut.

The success rate of polyploidy induction can
vary even within the same species. Key factors
influencing the effectiveness of polyploidy induction
include concentration, application
duration, application method, and the materials used
(Eng & Ho, 2019).

concentration  is

colchicine

colchicine
High

concentrations can increase plant mortality, while

Among these,
particularly  crucial.
low concentrations may result in insufficient
induction or failure to induce mutations (Roslim er
al, 2015). Furthermore, mutations often appear in
subsequent generations, such as M2, Va2 or its
continuation (Soedjono, 2003; Damanhuri &
Adiredjo, 2018). The first mutation population (M)
often experiences physiological disorders due to
mutagen treatment, preventing phenotypic selection
for mutations in the M1 generation (FAO & IAEA,
2018). This study aims to evaluate the morphological
and cytological variability in two generations of
Bambara groundnut induced by colchicine at
different concentrations.

MATERIALS AND METHODS

Location and Time

Bambara groundnut seeds (SS 3.4.2) were
treated with various colchicine treatments and
planted in experimental fields at the Faculty of
Agriculture, Brawijaya University, Jatimulyo Village,
Lowokwaru District, Malang City, East Java, with an
altitude of 460 meters above sea level (MASL) and
temperature of 20-28 °C. The experiment was
conducted in March-July 2022 for the M1 generation
and March-July 2023 for the M2 generation. In the M2
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generation, planting was carried out in a greenhouse
located in Joyo Agung, Malang City, East Java.

Research Design and Colchicine Treatment

The experiment was arranged in a Single Plot
Design, and data was collected using the single-plant
method. Colchicine concentration, i.e., 0 (control),
0.1, 0.2, 0.3, and 0.4%, was used as a treatment.
Colchicine was applied to the apical buds using a
pipette, with two drops administered each day for
three consecutive days. Applications were performed
at 07.00 AM and 4.00 PM. After colchicine treatment,
the M1 generation seeds were sown in seedling trays
in March 2022 for seven days. The number of seeds
used was 125 (5 plants x 25 experimental sets).
Seedlings were transplanted into 30 cm diameter
plastic pots (one seedling/pot) containing soil and
manure in a ratio of 2 : 1. From each M1 generation
treatment, 39 seeds with the largest seed size were
selected and planted in the M2 generation in March
2023.

Morphological and Cytological Trait Observation
The included
morphological and cytological traits in the M1 and M

observed  characteristics
generations. Morphological characters were the seed
germination (%), plant height (cm), number of leaves,
leaf width (cm), leaf length (cm), flowering days
(DAP), number of seeds per plant (seeds), the weight
of 100 seeds (g), seeds weight per plant (g), seed width
(nm), and length seeds (nm). Cytological characters
were stomata length (um) and stomata width (pm). In
the M1 generation, additional observations included
stomata density (mm?) and number of chromosomes.

The number of chromosomes in the M2
generation was assessed using the squashing method,
adapted from Jahier er al (1996). Five plant samples
from each treatment were selected, with two root tips
collected from each sample. Root tip cutting was
performed at between 10.30 and 11.00 AM. Five plant
samples from each treatment were selected, with two
root tips collected from each sample. Root tip cutting
was performed between 10.30 and 11.00 AM, as this
period is optimal for observing the number of
chromosomes in bambara groundnut during the
mitosis phase. Chromosome observation using the
squashing method consists of pretreatment, fixation,
hydrolysis, and staining. Pretreatment: the root tip
was cut 0.5-1 cm, soaked in distilled water, and stored
in the refrigerator (+4 °C) for 24 h. Fixation: the root
tips were inserted into a microtube containing
Carnoy's solution (acetic acid : ethanol = 1 : 3) and
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stored in the refrigerator (+4 “C) for 1 h. Hydrolysis:
the root tips were hydrolysed by HCI 1N in a water
bath (+60 °C) for 30 min. Every time the solution
changed, the root tips were cleaned with distilled
water and repeated three times. Staining: cleaned root
tips were stained using aceto-orcein 2% and stored at
room temperature for 15 min. The root tip was cut
+0.5 mm and placed on a slide glass. Then, the root tip
was dripped with glycerol and covered with a cover
slip. The coverslip was tapped with a pencil tip and
then the slide was heated over an alcohol flame for
several seconds. Labelling: To seal the coverslip, clear
nail polish was used on the edge of the coverslip. The
finished slides were then observed using an Olympus
BX51 microscope with 1000x magnification under an
oil immersion objective lens. Chromosome
calculations were carried out manually with the help

of the Image J application.

Data Analysis

Data obtained from the Mi generation were
analyzed using descriptive analysis, while data from
the M2 generation was analyzed using the t-test at the
5% level provided by Acquaah (2007a):

@)+ @)

(ny — 1)3% - (n; — 1)55

Sp = n, + n, —2
Explanation:
X1;X, =the means of samples 1 and 2
Sp = pooled variance
s?; s =variance of samples 1 and 2
n;;n; = the number of samples 1 and 2

Variability analysis was carried out by
calculating the coefficient of variation (CV) using the
formulation provided by Acquaah (2007b):

o
CV=-x100%
X

Explanation:
o = standard deviation
X = mean

RESULTS AND DISCUSSION

Percentage of Seed Germination

The response of bambara groundnut plants to
colchicine treatment can be observed through the
seed germination percentage. Colchicine inhibits
spindle  fiber alters  the

development and
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differentiation process. It is highly toxic to plants and,
at high concentrations, can lead to the death of plant
cells (Trojak-Goluch & Skomra, 2013). The
colchicine-induced M1 and M2 generations exhibited
lower seed germination rates than the control (Table
1). Similar findings were reported by Dheer et al
(2014) in the Ci and C: generations of Lablab
purpureus, where colchicine-induced plants showed
alower seedling survival rate than control plants. The
control treatment had the highest seed germination
percentage, whereas the treatment with the highest
colchicine concentration (0.4%) had the lowest
An
concentration correlated with a decrease in seed

germination rate. increase in colchicine
germination percentage. This diminished growth
capacity may be due to chromosomal imbalances
caused by colchicine, leading to irregular cell division
and impaired cell
inhibiting plant germination. Choopeng et a/. (2019)

stated that elevated colchicine concentrations likely

differentiation, ultimately

induce toxicity in plant cells, causing cell imbalance
and affecting internal cell processes, such as cell
division, resulting in plant mortality.

Table 1. Percentage of seed germination in 14 days after

seedling
Treatment Percentage of seed germination (%)
(%) M M:
Control 100 100
0.1 96 77
0.2 96 72
0.3 92 72
0.4 84 64

In the second generation, seed germination
percentages still decreased due to the impact of
colchicine use. According to Miinzbergova (2017),
colchicine's effects can persist into the second
generation and its direct effects can last for several
generations. Additionally, the low germination
percentage may also be attributed to the SS 3.4.2 line's
low resistance to colchicine toxicity. The SS 3.4.2 line
is characterized by its low stability and sensitivity to
environmental changes (Sari er al, 2022), further
contributing to its reduced germination rates under
colchicine treatment. According to Zlesak er al,
(2005) in some cases, plant death is caused by low
seed resistance, resulting in a diminished ability to
overcome the toxic effects of colchicine.
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Morphological Characteristics

An the  morphological
characteristics values of the Mi and M: due to
colchicine induction was observable in leaf length,
leaf width, flowering time, seed length, seed width,
and weight of 100 seeds (Table 2 and 3). The variation
of leaf size due to colchicine induction can be seen in
Figure 1. This increase can be attributed to larger cell
size resulting from the augmented number of
chromosomes due to colchicine treatment. When the
number of chromosomes increases, cells respond by
enlarging their size. This confirms the finding of
Robinson et al. (2018) that ploidy plays an important
role in determining cell size. The mechanism that
links ploidy to cell size involves increased DNA bulk
and related proteins, as well as an increased copy

increase in

number at every locus. Genome size is positively
associated with minimal cell size (Jovtchev er al,
2006; Beaulieu er al,, 2008; Wang et al,, 2021), as the
amount of nuclear DNA influences the lower limit of
nuclear volume, which in turn sets a lower limit for
the size of the cell that contains and supports it
(Doyle & Coate, 2019; Wang er al, 2021). Handayani
et al. (2018) added that colchicine induction results
in chromosomes doubling, leading to a higher
number of chromosomes, causing larger cell and
nuclei and, consequently, larger plant parts such as
leaves.

APE B C D " E

Figure 1. Variation of leaf size in the M1 generation
of bambara treated with
different colchicine concentrations (A)
Control, (B) 0.1%, (C) 0.2%, (D) 0.3%, (E)
0.4%

groundnut

The impact of using chemical antimitotic
agents was also observed in the Mi: and M:
generations of bambara groundnut. The specific
effects were seen in the colchicine-induced plants,
which exhibited lower values in the number of
leaves, plant height, number of seeds, and seed
weight compared to the control (Table 2 and 3). A
similar decreases in quantitative characteristics
values were found in the M: generation of cowpea
(Ajayi et al, 2014). Syukur er al (2013) stated that
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chromosome duplication or polyploidy hinders
chromosome pairing. In diploid cells, mitosis involve
the pairing of homologous chromosomes before
cytokinesis. Conversely, in polyploid cells, the
extended pairing process is the results of the
increased number of chromosome sets (Syukur ez al,
2019), leading to reduced plant tissue growth.
Moreover, chromosome doubling can disrupt
endogenous hormonal balance and normal
physiological and biochemical processes (Wu et al,
2023). The induction of colchicine also affects the
flowering time of Bambara groundnut in both the M
and M: generations. Colchicine-induced plants
showed longer flowering times than control plants,
with a longer flowering time associated with higher
colchicine concentrations. Delayed flowering due to
colchicine induction has also been observed in
cowpea, mungbean and peanut (Khan & Wani, 2005;
Obute er al, 2007; Ajayi et al, 2014). Chromosome
doubling induced by colchicine inhibits mitotic
division and slows the vegetative growth rate
(Vichiato er al, 2016), leading to delayed flower
emergence. Moreover, chromosome doubling can
disrupt endogenous hormonal balance and normal
physiological and biochemical processes (Wu et al,
2023).

The concentration of colchicine treatment was
shown to influence the morphological variability of
bambara groundnut in both the Mi and M2
generations. The morphological variability in
bambara groundnut increased as a result of colchicine
induction, and this indicates the occurrence of
polyploidy due to colchicine induction. According to
Riddle er al (2006), phenotypic changes due to
alterations in ploidy levels are accompanied by
genotype-specific responses to changes in genome
dosage, indicating genetic variation in response to
ploidy changes.

Based on data from observations of the yield
characteristics of bambara groundnut plants in the M
and M: generation, it is evident that colchicine
induction reduces yield (Table 2 and 3). The
colchicine treatment with concentrations of 0.1%,
0.2%, 0.3%, and 0.4% resulted in fewer seeds per
plant and lower seed weight per plant compared to
those of the control treatment. A decrease in yield
due to colchicine induction was also reported in the
M: generation of L. purpureus and Vicia
sativa (Dheer et al. 2014; Miinzbergova, 2017). The
reduced yield of colchicine-induced polyploid plants
may be attributed to disrupted meiotic division,
which hinders the fertilization process. Colchicine-
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induced genome doubling leads to abnormal meiosis, bridge formation, lagging chromosomes, and other
resulting in multivalent formation. Multivalents irregularities that impact plant fertility (Pavlikova er

often cause abnormal disjunction during anaphase 1, al, 2017).

Table 2. Morphological character in the M1 generation of bambara groundnut

Character Treatment (%) X o o?
Number of leaves Control 77.68 13.88 192.62
0.1 65.25 12.54 157.19
0.2 54.79 15.04 226.25
0.3 55.00 9.76 95.30
0.4 54.71 14.92 222.49
Plant height (cm) Control 17.40 0.93 0.87
0.1 19.08 1.83 3.35
0.2 19.46 4.37 19.10
0.3 17.90 1.90 3.62
0.4 17.23 2.32 5.36
Leaf width (cm) Control 2.26 0.38 0.15
0.1 2.53 0.34 0.12
0.2 2.75 0.78 0.61
0.3 2.77 0.47 0.22
0.4 2.96 0.54 0.30
Leaf length (cm) Control 6.79 1.10 1.20
0.1 7.08 1.16 1.35
0.2 8.76 1.32 1.73
0.3 8.73 1.18 1.38
0.4 8.94 1.32 1.74
Flowering time (DAP) Control 35.20 1.48 2.20
0.1 37.00 2.45 6.00
0.2 42.20 3.70 13.70
0.3 43.40 2.70 7.30
0.4 45.20 2.86 8.20
Number of seeds per plant Control 10.64 3.72 13.83
0.1 6.92 241 5.83
0.2 3.29 1.14 1.29
0.3 4.71 1.13 1.27
0.4 4.46 1.39 1.94
Weight of 100 seeds (g) Control 46.02 26.31 692.40
0.1 51.55 17.88 319.68
0.2 80.71 21.88 478.63
0.3 54.01 19.59 428.76
0.4 47.22 21.80 475.22
Seeds weight per plant (g) Control 4.28 153 2.35
0.1 3.27 1.11 1.24
0.2 2.48 0.72 0.52
0.3 2.47 0.89 0.80
0.4 1.89 0.59 0.35
Seed width (nm) Control 7.08 0.71 0.50
0.1 9.30 0.99 0.97
0.2 11.05 1.19 1.43
0.3 9.08 0.81 0.65
0.4 9.10 0.67 0.44
Seed length (nm) Control 8.75 0.83 0.70
0.1 12.83 1.61 2.58
0.2 14.71 1.33 1.77
0.3 13.16 1.39 1.93
0.4 12.85 1.27 1.62

Note: (X) mean, (o) standard deviation, (o?) variance.
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Table 3. Morphological character in the M2 generation of bambara groundnut

Character Treatment (%) Mean T-Test CV (%)
Number of leaves Control 28.18 20.33
0.1 27.47 0.50 tn 22.44
0.2 26.11 1.42 tn 235
0.3 24.14 2,94 * 21.85
0.4 18.72 6.99 ** 23.92
Plant height (cm) Control 17.93 8.62
0.1 17.04 2.25* 10.18
0.2 16.98 2.23* 11.47
0.3 16.73 3.02 * 10.01
0.4 16.26 3.76 ** 12.21
Leaf width (cm) Control 1.60 11.2
0.1 1.72 221" 16.39
0.2 1.83 3.68 ** 17.85
0.3 1.98 475 * 22.59
0.4 2.08 8.15* 14.24
Leaf length (cm) Control 3.50 8.08
0.1 4.70 8.93 ** 16.55
0.2 4,94 8.83 ** 19.57
0.3 5.13 12.32 14.76
0.4 5.19 11.98 = 15.59
Flowering time (DAP) Control 53 1.06
0.1 58 35.92 = 1.15
0.2 60 44.50 * 1.16
0.3 63 65.50 ** 1.08
0.4 63 58.20 ** 1.44
Number of seeds per plant Control 9.57 17.63
0.1 4.85 11.81 * 25.37
0.2 3.67 14.99 = 19.92
0.3 4.14 13.34 21.97
0.4 3.32 16.53 ** 27.11
Weight of 100 seeds (g) Control 27.99 19.25
0.1 34.72 2.67* 35.12
0.2 37.57 473 * 23.29
0.3 37.40 3.21* 38.06
0.4 57.67 6.15 * 43.19
Seeds weight per plant (g) Control 2.64 20.81
0.1 1.64 6.51* 36.5
0.2 1.39 8.33 ™ 34.71
0.3 1.47 7.81* 32.18
0.4 1.79 492 * 39.30
Seed width (nm) Control 7.15 8.03
0.1 7.65 2.46* 11.97
0.2 7.9 3.82* 10
0.3 7.61 2.38* 10.4
0.4 8.89 6.61* 14.15
Seed length (nm) Control 9.05 9.44
0.1 10.43 45 13.08
0.2 10.7 5.35 ** 121
0.3 10.28 4.05 * 12.69
0.4 12.1 7.81* 15.33

Note: CV (coefficient of variation); Values with symbols (**) very significant difference, (*) significant difference, (tn) not significant
difference on student t-test at 5% level with control as a comparison.
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The quality of bambara groundnut seeds, such
as seed size, is essential in determining economic
value, as the bambara groundnut plant is mainly
consumed for its Although colchicine
induction reduced seed number and seed weight per
plant, it increased the size of seeds. The size of the
seeds affects the weight of 100 seeds. Colchicine-
induced plants produced higher 100-seed weights
than control. This aligns with Bicer (2009), that the
weight of 100 seeds is influenced by seed size, with
larger seeds producing a greater weight of 100 seeds.
Mallikarjuna er al (2011) found that colchicine-
induced tetraploid peanut plants had larger pods, but
the number of pods was less than that of diploid
plants. The most common effect of polyploidy in

seeds.

plants is an increase in cell size due to an increase in
the number of gene copies, known as the gigas effect
(Sattler er al,, 2016), which leads to an increase in the
size of Bambara groundnut seeds.

Cytological Characteristics

Stomatal characteristics were observed as an
indicator of polyploidy. Based on the observations of
stomatal characteristics, colchicine induction
treatment produced higher stomata size than the
control (Table 4 and Table 5). Colchicine-induced
plants had greater stomata length and width than

controls in bambara groundnut's M: and M:
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generation. Dheer et al (2014) and Nagat et al. (2020)
reported similar results in L. purpureus and V. vaba.
In the M2 generation, the highest stomata length and
width were found at the highest concentration
(Figure 2). There was an increase in stomata length
and width in M2 generation bambara peanuts, along
with an increase in the concentration of induced
colchicine. Tiwari and Mishra (2012) demonstrated a
similar pattern in Mi, M2, and Ms generations
of Phlox drummondi, where stomatal size increased
with higher concentrations of induced colchicine.
The relationship between genome size and stomatal
size is positive (Lattier er al, 2019), so increased
stomata size is an indication of genome doubling. This
aligns with previous observations in synthetic
polyploids (Miinzbergova, 2017; Wei et al, 2020)
where genome doubling resulted in enlarged stomata
along with a decrease in stomatal density. Precisely,
the observed average stomatal expansion aligns with
the scaling prediction of the relationship between
genome size and cell length (Wei er al, 2020).
Stomatal size is inversely proportional to stomatal
density because larger stomata lead to fewer stomata,
resulting in low density. Fetouh et al. (2020) reported
that tetraploid Ligustrum sinense had a 45.7% lower
density than control plants and a 32.2% larger size
than control plants.

Table 4. The stomata character in the M1 generation of bambara groundnut

Character Treatment (%) X o o?
Stomata width (um) Control 42.64 5.58 31.10
0.1 49.75 9.89 97.83
0.2 54.05 11.29 127.42
0.3 56.36 5.78 33.46
0.4 54.94 5.74 32.95
Stomata length (um) Control 46.18 5.56 30.97
0.1 53.29 10.08 101.64
0.2 60.05 11.90 141.69
0.3 60.42 8.65 74.76
0.4 61.57 9.69 93.84

Note: (X) mean, (o) standard deviation, (o?) variance.

Observations on the number of chromosome
number in the M> generation were conducted on five
plants selected from each treatment. which were
selected based on the highest stomata length and
width values from each treatment. The results of
observations of the number of chromosomes in
control plants found 11 pairs of chromosomes, and
the chromosome number of Bambara groundnut
plants was 2n = 2x = 22 (Table 6), consistent with the

findings reported by Osundare er al (2023).
Colchicine treatment increased the number of
the M2
generation (Figure 3). Bambara groundnut plants

Bambara groundnut chromosomes in

induced by colchicine exhibited a higher number of
chromosomes than control plants. Many researchers
have shown that colchicine treatment is efficient for
plant chromosomal doubling. However, their study
found that the reaction to colchicine varies
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depending on the plant species (Blasco et al, 2015;
Jeloudar er al, 2019). Most plants suspected to be
mixoploid were found in this study (Table 6). Udensi
& Ontui (2013) reported that colchicine-induced
Winged bean produced the two most common types
of polyploids: mixoploid and tetraploid. The
formation of mixoploid plants is one of the adverse
effects of inducing polyploids with the mutagen
colchicine, as these mixoploids can be inherited in
subsequent generations. Sinta (2018) reported that

Evaluation of Morphological and ...

there are still many aneuploid and mixoploid
individuals in the fourth and fifth generations of
Stevia rebaudiana Bert plant. A common problem
from polyploid induction in meristematic tissue is
polyploid changes that occur only in one or a few
cells. As a result, the resulting plants often exhibit
changes in cell tissue with varying numbers of
chromosomes or a mixture of diploid and polyploid
cells (mixoploid) (Azmi er al, 2016).

Table 5. The stomata character in the M2 generation of bambara groundnut

Character Treatment (%) Mean T-Test CV (%)

Stomata width (um) Control 32.02 5.81
0.1 36.55 8.05* 7.66

0.2 36.65 7.39* 8.85

0.3 38.03 9.48* 8.67

0.4 38.58 10.73* 7.87

Stomata length (um) Control 47.72 4.30
0.1 49.86 291 791

0.2 52.09 4.46* 10.77

0.3 55.30 9.65* 7.73

0.4 59.46 15.18* 6.90

Stomata density (mm?) Control 72.29 5.33
0.1 66.75 4.58* 9.20

0.2 63.69 5.41* 13.87

0.3 64.27 4.46* 16.01

0.4 61.15 9.12* 9.70

Note: Values with symbols; (**) very significant difference, (*) significant difference on student t-test at 5% level with control as a
comparison.

Figure 2. Variation of stomata in the M2 generation of bambara groundnut treated with different colchicine
concentrations (A) Control, (B) 0.1%, (C) 0.2%, (D) 0.3%, (E) 0.4%, Bar = 50 pm
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' _';

Figure 3. The increased number of chromosomes in the M2 generation following the colchicine treatments
(A) Diploid, B) Tetraploid
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Table 6. The stomata character in the M2 generation of bambara groundnut

Number of chromosomes

Individual Plant Number Sample 1 Sample 2 Suspected Polyploid

Control 22 22 Diploid

0.1

0.1-8 33 30 Mixoploid
0.1-19 27 28 Mixoploid
0.1-24 28 26 Mixoploid
0.1-30 32 36 Mixoploid
0.1-39 33 28 Mixoploid

0.2

0.2-7 44 44 Tetraploid
0.2-11 33 32 Mixoploid
0.2-14 44 39 Mixoploid
0.2-25 33 33 Triploid
0.2-29 35 36 Mixoploid

0.3

0.3-1 44 44 Tetraploid
0.3-21 33 33 Triploid
0.3-24 38 40 Mixoploid
0.3-26 44 42 Mixoploid
0.3-37 32 33 Mixoploid

0.4

0.4-8 48 47 Mixoploid
0.4-24 44 44 Tetraploid
0.4-31 44 44 Tetraploid
0.4-35 47 48 Mixoploid
0.4-39 44 36 Mixoploid

The concentration of colchicine in the cell is
an essential factor that influences how colchicine
functions in the cell. Thus, the concentration of
colchicine treatment highly influences variations in
the cell division and division of chromosomes. Eigsti
and Dustin (1955) reported that the effectiveness of

colchicine in stopping, destroying, or inhibiting the
formation of spindle threads is greatly influenced by
the concentration level of colchicine. Tetraploid
plants were often found in the 0.4% colchicine
treatment, which constituted 40% of the sample
plants, whereas at 0.3% and 0.2% colchicine
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concentrations, both produced tetraploid plants,
amounting to 20% of the sample plants. Therefore, it
can be inferred that the higher the concentration of
colchicine induced, the higher the percentage of
tetraploids obtained. Wu er al (2010) observed
similar results in the M4 generation of azuki beans
treated with the highest colchicine concentration of
0.5%, which resulted in the highest percentage of
mutants at 71.86%. Similarly, Nagat er al (2020)
found that 0.3% and 0.4% colchicine concentrations
successfully induced triploid and tetraploid plants in
V. vaba. Based on Table 6, six plants were selected in
this study: 0.2-7, 0.2-25, 0.3-1, 0.3-21, 0.4-24, 0.4-31.

CONCLUSION

Based on this study, colchicine induction in
bambara groundnut produced genotypes with higher
and cytological
consistent in

variability in morphological
than controls,
generations. Colchicine induction positively affected
the increase in leaf size, stomata, seeds, and seed
weight. However, it also had a negative impact on

reducing germination rates, number of leaves, plant

characters two

height, flowering age, number of seeds per plant, and
seed weight per plant. Additionally, colchicine
induction treatment increases the number of
bambara groundnut chromosomes, so that it can be
used to increase variation and address the issue of
limited genetic resources. Colchicine treatment with
a concentration of 0.4% produced more tetraploid

plants than other colchicine treatments.
ACKNOWLEDGEMENTS

The authors are thankful to Faculty of
Agriculture, University of Brawijaya, Indonesia and
National Research and Innovation Agency, Indonesia
for providing facility and supporting the present
research work.

REFERENCES

Acquaah, G. 2007a. Principles of Plant Genetics and
Breeding. Blackwell Publishing Ltd. Oxford.

Acquaah, G. 2007b. Principles of Plant Genetics and
Breeding. Blackwell Publishing Ltd. Oxford.

Ajayi, AT, AO Ohunakin, OS Osekita, and OC Oki.
2014. Influence of Colchicine Treatments on
Character Expression and Yield Traits in
Cowpea (Vigna Unguiculata L. Walp). Global
Journals of Science Frontier Research: C

Evaluation of Morphological and ...

Biological Science. 14(5): 15-20.

Arif, A, N Kendarini, and Kuswanto. 2016. Evaluation
of genetic purity on 20 genotypes of bambara
groundnut ( Vigna subterranea L . Verdcourt )
selected single
morphological characters. Jurnal Produksi
Tanaman. 4(3): 169-173.

Azmi, TKK, D Sukma, S. Aziz, and M Syukur. 2016.
Polyploidy Induction of Moth Orchid
(Phalaenopsis amabilis (L.) Blume) by
Colchicine Treatment on Pollinated Flowers.
Journal of Agricultural Sciences, 11(2): 62-73.

Beaulieu, JM, IJ Leitch, S Patel, A Pendharkar, and C

Knight. 2008. Genome size is a strong

predictor of cell size and stomatal density in

angiosperms. New Phytologist. 179(4): 975-

986.

M, ML Badenes, and M Naval

Colchicine-induced polyploidy in

from seed  descent

2015.

loquat
(Eriobotrya japonica (Thunb.) Lindl.). Plant
Cell Tissue and Organ Culture. 120(2): 453-
461.

Chaikam, V, W Molenaar, AE Melchinger, and PM
Boddupalli. 2019. Doubled haploid technology

for line development in maize: technical

Blasco,

advances and prospects. Theoretical and
Applied Genetics. 132(12): 3227-3243.

Damanhuri, and AL Adiredjo. 2018. Genetic
variability of M2 population obtained from
colchicine mutation in black rice (Oryza sativa
L.). Journal of Agronomy. 17(4): 234-240.

Dheer, M, RA Sharma, VP Gupta, and SS Punia. 2014.
Cytomorphological investigations in
colchicine-induced polyploids of Lablab
purpureus (L.) Sweet. Indian Journal of
Biotechnology. 13(3): 347-355.

Dhooghe, E, K van Laere, T Eeckhaut, L Leus, and ]
van Huylenbroeck. 2011. Mitotic chromosome
doubling of plant tissues in vitro. Plant Cell,
Tissue and Organ Culture. 104(3): 359-373.

Doyle, JJ, and JE Coate. 2019. Polyploidy, the
nucleotype, and novelty: The impact of
genome doubling on the biology of the cell.
International Journal of Plant Sciences. 180(1):

1-52.
Eigsti, OJ, and P Dustin. 1955. Colchicine in
Agriculture, = Medicine,  Biology  and

Chemistry. Iowa State College Press. Lowa.

Eng, WH, and WS Ho. 2019. Polyploidization using
colchicine in horticultural plants: A review.
Scientia Horticulturae. 246: 604-617.

FAO, and IAEA. 2018. Manual on Mutation

294



Jurnal Agrikultura 2024, 35 (2): 284 - 297
P-ISSN 0853-2885
E-ISSN 2685-3345

Breeding. 3" Ed. Food and Agriculture
Organization of the United Nations. Rome.

Fetouh, MI, Z Deng, SB Wilson, CR Adams, and GW
Knox. 2020. Induction and characterization of
tetraploids in Chinese Privet (Ligustrum
sinense Lour.). Scientia Horticulturae. 271:
109482.

Handayani, RS, M Yusuf, and A Akmal. 2018.
Potential changes in watermelon (Citrullus
lannatus) ploidy treated by colchicine. Journal
of Tropical Horticulture. 1(1): 10-14.

He, T, and C Li. 2020. Harness the power of genomic
selection and the potential of germplasm in
crop breeding for global food security in the
era with rapid climate change. Crop Journal.
8(5): 688-700.

Jahier, J, M Cheure, F Eber, R Delourne, and AM

Tangui. 1996. Techniques of Plant
Cytogenetics. Science Publisher, Inc. New
Hampshire.

Jeloudar, NI, E Chamani, A Shokouhian, and RA
Zakaria. 2019. Induction and identification of
polyploidy by colchicine treatment in Lilium
regale. Cytologia. 84(3): 271-276.

Jideani, AV, and FC Diedericks. 2014. Nutritional,
therapeutic, and prophylactic properties of
Vigna subterranea and Moringa oleifera. Pp.
187-207 In Antioxidant-Antidiabetic Agents
And Human Health (Oguntibeju, O, Ed.).
IntechOpen. London.

Jovtchev, G, V Schubert, A Meister, M Barow, and I
Schubert. 2006. Nuclear DNA content and
nuclear and cell volume are positively
correlated in angiosperms. Cytogenetic and
Genome Research. 114(1): 77-82.

Khan, MH, MY Rafii, SI Ramlee, and M Jusoh. 2021.
Bambara groundnut (Vigna subterranea L .
Verdc ): A crop for the new millennium , its
genetic diversity , and improvements to

mitigate future food and nutritional
challenges. Sustainability. 13(1): 5530. DOL:
10.3390/su13105530.

Khan, S, and MR Wani. 2005. Comparison on the
effect of chemical Mutagens on mungbean.
Advances in Plant Sciencec. 18(2): 533-535.

Kuswanto, B Waluyo, RA Pramantasari, and S Canda.
2012. Koleksi dan evaluasi galur-galur lokal
kacang bogor (Vigna subterranea ). Prosiding
Seminar  Nasional Perhimpunan Ilmu

Pemuliaan Indonesia (PERIPI): Peran Sumber

Daya Genetik Dan Pemuliaan Dalam

Mewujudkan Kemandirian Industri

Evaluation of Morphological and ...

Perbenihan Nasional. Perhimpunan Ilmu
Pemuliaan Indonesia (PERIPI). Pp. 144-151.

Lattier, JD, H Chen, and RN Contreras. 2019.
Variation in genome size, ploidy, stomata, and
rDNA signals in Althea. Journal of the
American Society for Horticultural Science.
144(2): 130-140.

Mallikarjuna, N, S Senthilvel, and D Hoisington.
2011. Development sources of
tetraploid Arachis to broaden the genetic base
of cultivated groundnut (Arachis AypogaeaL.).
Genetic Resources and Crop Evolution. 58(6):
889-907.

Mangena, P, and PN Mushadu. 2023. Colchicine-
induced polyploidy in leguminous crops
enhances

of new

morpho-physiological
characteristics for drought stress tolerance.
Life. 13(10): 1966. DOI: 10.3390/1ife13101966.

Mayes, S, WK Ho, HH Chai, X Gao, AC Kundy, KI
Mateva, M Zahrulakmal, MKIM Hahiree, P
Kendabie, LCS Licea, F Massawe, T
Mabhaudhi, AT Modi, JN Berchie, S Amoah, B
Faloye, M Abberton, O Olaniyi, and SN Azam-
Ali. 2019. Bambara groundnut: an exemplar
underutilised legume for resilience under
climate change. Planta. 250(3): 803-820.

Mo, L, J Chen, X Lou, Q Xu, R Dong, Z Tong, H
Huang, and E Lin, 2020. Colchicine-induced
polyploidy in Rhododendron fortuner Lindl.
Plants. 9(4): 424. DOI: 10.3390/plants9040424.

Miinzbergova, Z. 2017. Colchicine application
significantly affects plant performance in the
second generation of synthetic polyploids and
its effects vary between populations. Annals of
Botany. 120(2): 329-339

Nagat, E, B Kamla, and K Hoda. 2020. Phenotypic and
molecular characterization of polyploidy Vicia
faba induced by colchicine. GSC Biological
and Pharmaceutical Sciences. 11(3): 235-243.

Nugraha, AA, RA Noer, and Kuswanto. 2017. Uji
Keseragaman galur dan kekerabatan antar
galur kacang bogor (Vigna subterranea (L.)
Verdc.) hasil single seed descent kedua. Jurnal
Produksi Tanaman. 5(7): 1196-1206.

Nuryati, A, Soegianto, and Kuswanto. 2014. Genetic
relationship and variability among Indonesian
purified local lines of bambara groundnut
(Vigna subterranea (L.) Verdc.) based on
morphological characters. African Journal of
Science and Research. 3(5): 18-24.

Obute, GC, BC Ndukwu, and OF Chukwu. 2007.
Targeted mutagenesis in Vigna unguiculata

295



Jurnal Agrikultura 2024, 35 (2): 284 - 297
P-ISSN 0853-2885
E-ISSN 2685-3345

(L.) Walp. and Cucumeropsis mannii (NAUD)
in Nigeria. African Journal of Biotechnology.
6(21): 2467-2472.

Osundare, OT, BO Akinyele, AC Odiyi, R Paliwal,
OA Oyatomi, and MT Abberton. 2023.
Genetic diversity and population structure of

Nigerian
groundnut (Vigna subterranea (L.) Verdc.,)
using DArT SNP markers. Genetic Resources
and Crop Evolution. 70: 887-901.

Paliwal, R, M Abberton, B Faloye, and O Olaniyi.
2020. Developing the role of legumes in West
Africa under climate change. Current Opinion
in Plant Biology. 56: 242-258.

Paliwal, R, TT Adegboyega, M Abberton, B Faloye,
and O Oyatomi. 2021. Potential of genomics

some accessions of bambara

for the improvement of underutilized legumes
in sub-Saharan Africa. Legume Science. 3:e69.
DOI: 10.1002/leg3.69.

Pavlikova, Z, L Pastovd, and Z Miinzbergova. 2017.
Synthetic  polyploids in Vicia cracca:
methodology, effects on plant performance
and aneuploidy. Plant
Evolution. 303: 827-839.

Riddle, NC, A Kato, and JA Birchler. 2006. Genetic
variation for the response to ploidy change in
Zea maysL. Theoretical and Applied Genetics.
114(1): 101-111.

Robinson, DO, JE Coate, A Singh, L. Hong, M Bush, JJ
Doyle, and AHK Roeder. 2018. Ploidy and size
at multiple scales in the arabidopsis sepal. The
Plant Cell. 30(10): 2308-2329.

Roslim, DI, Herman, and I Fiatin. 2015. Lethal dose
50 (LD50) of mungbean (Vigna radiata L.
Wilczek) Cultivar Kampar. SABRAO Journal
of Breeding and Genetics. 47(4): 510-516.

Saptadi, D, NR Ardiarini, and B Waluyo. 2021.
Stabilitas hasil dan adaptabilitas galur-galur
harapan kacang Bogor di tiga lokasi. Jurnal
Kultivasi. 20(2): 82-90.

Sari, GN, D Saptadi, and K Kuswanto. 2022. The yield

Systematics and

stability and adaptability of bambara
groundnut at three locations. Agrivita. 44(1):
130-138.

Sattler, MC, RC Carvalho, and WR Clarindo. 2016.
The polyploidy and its key role in plant
breeding. Planta. 243(2): 281-96.

Sinta, MM. 2018. Induksi Mutasi Stevia (Stevia
rebaudiana Bert) Klon BS dengan Kolkisin
untuk Meningkatan Kandungan Steviosida
dan Rebaudiosida [Master thesis].
Agricultural University. Bogor.

Bogor

Evaluation of Morphological and ...

Soedjono, S. 2003. Aplikasi mutasi induksi dan variasi
somaklonal dalam pemuliaan tanaman. Jurnal
Litbang Pertanian. 22(2): 70-78.

Soltis, PS, DB Marchant, Y Van de Peer, and DE
Soltis. 2015. Polyploidy and genome evolution
in plants. Current Opinion in Genetics and
Development. 35: 119-125.

Syukur, M, Y Sastrosumarjo, Sarsidi Wahyu, SI
Aisyah, S Sujiprihati, and R Yunianti. 2019.
Sitogenetika Tanaman. Edisi Kedua. IPB Press.
Bogor.

Syukur, M, S Sastrosumarjo, Y Wahyu, SI Aisyah, S
Sujiprihati, and R Yunianti. 2013. Sitogenetika
Tanaman. Edisi Kedua. IPB Press. Bogor/

Temegne, NC. 2018. Origin and ecology of bambara
groundnut (Vigna subterranea L.) Verdc: A
review. Journal of Ecology & Natural
Resources. 2(4): 000140. DOI: 10.23880/JENR-
16000140.

Tiwari, AK, and SK Mishra. 2012. Effect of colchicine
on mitotic polyploidization and morphological
characteristics of Phlox drummondi. African
Journal of Biotechnology. 11(39): 9336-9342.

Trojak-Goluch, A, and U Skomra. 2013. Artificially
induced polyploidization in Humulus lupulus
L. and its effect on morphological and
chemical traits. Breeding Science. 63(4): 393—
3999.

Trojak-Goluch, A, M Kawka-Lipiniska, K Wielgusz,
and M Praczyk. 2021. Polyploidy in industrial
crops: Applications and perspectives in plant
breeding. Agronomy. 11(12): 2574. DOL
0.3390/agronomy11122574.

Udensi, OU, and V Ontui. 2013. Determination by
flow cytometry polyploidy inducing-capacity
of colchicine in Cajanus cajan (L.) Mill sp.
Pakistan Journal of Biological Sciences. 16(13):
630-635.

Urwin, N. 2014. Generation and characterisation of
colchicine-induced polyploid Lavandula x
Intermedia. Euphytica. 197: 331-339.

Vichiato, MR de M, M Vichiato, M Pasqual, FA
Rodrigues, & D Melo de Castro, 2016.
Morphological effects of induced polyploidy
in Dendrobium nobile Lindl. (Orchidaceae).
Crop Breeding and Applied Biotechnology.
14(3): 154-159.

Wang, X, JA Morton, ] Pellicer, IJ Leitch, and AR
Leitch. 2021.
polyploidy: Mechanisms, rates and selection
pressures. The Plant Journal. 107: 1003-1015.

Wei, N, Z Du, A Liston, and TL Ashman. 2020.

Genome downsizing after

296


http://dx.doi.org/10.23880/JENR-16000140
http://dx.doi.org/10.23880/JENR-16000140
https://doi.org/10.3390/agronomy11122574

Jurnal Agrikultura 2024, 35 (2): 284 - 297 Evaluation of Morphological and ...
P-ISSN 0853-2885
E-ISSN 2685-3345

Genome duplication effects on functional Wu, H, L Jiang,]Li, M Lu, and H An. 2023. Polyploid

traits and fitness are genetic context and induction and identification of Rosa

species dependent: studies of synthetic roxburghii f. eseiosa. Plants. 12(11): 2194.

polyploid Fragaria. American Journal of DOI: 10.3390/plants12112194.

Botany. 107(2): 262-272. Zlesak, DC, CA Thill, and NO Anderson. 2005.
Whu, B, H Liu, B Zhao, X Tong, Q Zhao, and P Wan. Trifluralin-mediated polyploidization of Rosa

2010. Colchicine-induced trait variations in chinensis minima (Sims) Voss seedlings.

azuki bean (Vigna angularis). Legume Euphytica. 141(3): 281-290.

Genomics and Genetics. 1(7): 257-304.

297


https://doi.org/10.3390/plants12112194

