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The aim of this study was to create variability on the morphogenetic make- up, and biochemical attributes of fennel plant which incurred as a result 
of different exposure of UV-B radiation.

Seedlings of Foeniculum vulgare Mill. were treated with four different exposure times viz.  Set A for Control, Set B for 20 min, Set C for 40 
min, Set D for 60 min and Set E for 80 min, respectively. UV-B exposure seedlings with respect to control were transplanted to their respective pots and 
fields. Three replicates were prepared for each treatment. During the course of growth and development, few morphological, biochemical, and 
cytological parameters were estimated.

The results clearly elucidate that the higher exposure to UV-B radiation substantially affected the growth parameters whereas UV-B radiation 
(40 min) induced certain beneficial traits viz., increased plant height, intermodal length, etc. Various types of chromosomal aberrations such as stickiness, 
scattering, precocious, laggard, etc., 
were also observed. Scattering was the 
main chromosomal abnormality 
encountered at longer durations (60-80 
min) to UV-B exposure.  It was also 
observed that withincrease in the 
duration of UV-B exposure (20-80 min), 
there was a decrease in chlorophyll a 
(0.98 to 0.82) and chlorophyll b (0.68), 
and increase in carotenoids (at lower 
duration of UV-B radiation) was also 
observed. A maximum increment in 
carotenoid content was recorded in 40 
min treated sets.

The present research 
would be helpful in selecting doses which impart characters of interest in Foeniculum vulgare Mill. The cytological alterations caused by UV-B radiation 
changes the genetic makeup of fennel, which can be inherited to the subsequent generation to create agronomical superior mutants which will be promising 
materials for plant breeders in near future.
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Original Research

To access cytomorphological and 
biochemical effect of 

UV-B radiation on fennel plant

Seeds of fennel were treated and
transplanted into replicate manner with 4
different exposure time of UV-B radiation

Improved cytomorphological and
biochemical traits induced 

at shorter duration of radiation

This perusal indicates that lower exposure of 
UV-B radiation beneficial traits of fennel plant.
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(Foeniculum vulgare Mill.) is a well-known Mediterranean 
aromatic plant that is used in traditional medicine as well as a 
spice. It belongs to the Apiaceae family and has 2n = 22 
chromosomes. Diuretic, analgesic, and antipyretic activities as 
well as antioxidant activities are also found in fennel fruits (Choi et 
al., 2004). The unique fragrance and taste of mericarps are 
primarily due to the presence of essential oil. Fennel contains an 
active biological compound i.e. phytoestrogens whose function is 
similar to estrogen, which enhances milk flow and libido in women 
as well as relieves menopausal symptoms in women (Siahi et al., 
2009; Khani et al., 2011). A lot of medicinal properties and 
economical values of fennel plant we selected to screen the effect 
of UV-B radiation on morphological, biochemical, and cytological 
constituents. Similar experiments were carried out by different 
researchers in Coriandrum sativum L. (Kumar and Pandey, 
2017), Cuminum cyminum L. (Kumar and Bhardwaj, 2019), 
Eclipta alba (Kumar and Mishra, 2019) and Artemisia annua L. 
(Kumar and Singh, 2020) to evaluate the environmental effect of 
UV-B on cytology of plants. The current study was intended 
largely with the goal of isolating morphological marker viz., 
chlorophyll variants as well as cytological variations in UV-B 
treated fennel plants along with this, an attempt has also been 
made to forecast the likely use of these isolated variations 
(morphological, biochemical and cytological) in mutation 
breeding programmes.

Materials and Methods

Seeds of Foeniculum vulgare Mill. were procured from 
the National Research Centre on Seed Spices NRCSS, Ajmer. 
The present study on induced mutagenesis in the Fennel plant 
was carried out in the Plant Genetics Laboratory, Department of 
Botany, University of Allahabad during 2020-2021.

Seedling germination: The inbreed seeds were soaked in 
distilled water for 12 hrs and then kept in sterilized Petri plates 
along with filter paper for germination in a seed germinator at 
25±20°C with 50–70% humidity and distilled water was sprinkled 
regularly to maintain the moisture of seed. The seedling stage 
was obtained after 5-6 days and Petri plates were taken out from 
the seed germinator.

UV-B treatment: Seedlings were treated with four different 
exposure time viz. Set A for Control, Set B for 20 min, Set C for 40 
min, Set D for 60 min and Set E for 80 min.  Sets B,C,D and E were 
kept in Ultra violet florescence cabinet and the seedlings were 
irradiated with UV-B lamp along with white light (CX-20 equipped 
with internal 8Watt tubes) for 20, 40, 60, 80 min, respectively. After 
completion of treatment, these seedlings were kept for recovery 
period for about 1-2 hrs, and thereafter UVB exposure seedlings 
with respect to control were transplanted to their respective pots 
and field. Three replicates were prepared for each treatment.

Morphological study

Survivability percentage: Treated seeds along with control 
were sown in the pots and field in replicates of three following 

Introduction

UV-B radiation as an evolutionarily important 
environmental factor can significantly affect plant traits and 
change the influence of other environmental factors. Plants 
require light as an energy source for their growth and 
developmental process. Ultraviolet radiation is a key but not fully 
studied environmental factor that can trigger a variety of reactions 
in plants and may affect their distribution. Traditionally, ultraviolet 
light is divided into three wavelength ranges- UV-A (320-400 nm) 
accounts for approximately 6.3% of incident solar radiation, which 
is a relatively less harmful part of ultraviolet radiation. UV-B (280-
320 nm) is of particular concern as it only accounts for 1.5% of the 
total spectrum, but it can damage the plant, animal, and ecosystem. 
UV-C (200-280 nm) is extremely harmful to organisms (Zhang et al.; 
He et al., 2003). Since plants are required to capture 
photosynthetic light, they are inevitably exposed to ultraviolet 
radiation from natural sunlight. Although it has been recognized 
that exposure to ultraviolet radiation, especially in the ultraviolet-
B range (280-320 nm) of the spectrum, plays an important 
regulatory role in plant growth and development (Bornman et al., 
2015). UV-B radiation is a perfect agent that can change the 
morphology, cytology, and biochemical characteristics of plants. 
According to previous reports, UV-B radiation can promote plant 
growth, morphology, physiological and biochemical properties of 
plant species (Zhang et al.; He et al., 2003).

However, long-term exposure to UV-B radiation can 
disturb plant metabolism and cause lethal effects on plants 
(Mopoloka., 2008). In plants like wheat, rice, corn, rye, soybean, 
sunflower, and cucumber certain growth parameters such as 
plant height and leaf area are significantly reduced under high 
UV-B radiation (Chatterji et al., 2015). Different species respond 
differently to UV-B radiation levels (Matthew et al., 1996). 
Previous studies have reported that along with some damaging 
effects on increasing the duration of UV-B radiation; the ambient 
dosage has some beneficiary effects in plants like increase in 
plant height of tartary buckwheat (Yao et al., 2007), increase in 
internodal length, leaf area, number of tillers in wheat plant (Kataria 
and Guruprasad, 2012), and increase in grain quality in maize (Yin 
and Wang, 2012). Several studies have been conducted to 
investigate whether the increase in UV-B radiation caused by ozone 
depletion does have a significant impact on plants, especially in 
terms of physiology and crop yield. High levels of UV-B significantly 
reduce the relative growth rate and nitrogen productivity and leaf 
area ratio (ZukGolaszewska et al., 2003).

Experiments have been performed in laboratory growth 
chambers where plants are grown under artificial white light to 
enhance the concentration of UV-B, already present in natural 
sunlight. From these studies, it is now recognized that there are 
both direct and indirect effects of UV-B at the whole plant level, 
especially under natural conditions. Traditionally, current 
research have focused more on staple food crops with little 
attention to secondary crops. The low level of information 
available on basic aspects of underutilized crops prevents their 
development and their sustainable conservation. Fennel 
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Statistical analyses: All the experiments were performed in 
three replicates for authenticity of results. The average data of all 
parameters were statistically analysed. The mean, standard 
error, and coefficient of variance were calculated at each dose of 
treatment. Statistical analyses were performed using SPSS 16.0 
software. ANOVA and DMRT were used as statistical tools for 
mean separation and detailed study of morphological variable 
and graphical illustration of data was plotted usually Sigma Plot 
10.0 Software.

Results and Discussion

In this study, the effects of UV-B exposure on the fennel 
plant was studied at cytomorphological and biochemical 
levels.Survival and leaf area are important parameters to 
estimate the effects of UV-B radiation on plant. In the present 
study, the survival percentage and leaf area reduced as UV-B 
exposure increased. The maximum survivability was recorded to 
be 80.63±0.71 in control sets, while it is reduced to78.83±0.81 
(40 min) to 61.67 in 80 min treated sets. Similar trend were also 

2found in leaf area. The maximum (125.8 cm ) leaf area was 
detected in control sets; it was also discovered that when UV-B 
exposure increased, the leaf area decreased, and the maximum 

2decrement in leaf area  was assessed with a value of 53 cm  
(Graph1). According to Kumar and Mishra (2019), the decrease in 
leaf area in response to UV radiation is a kind of adaptation to 
reduce the cellular damages in leaves and also reduce cell 
division and elongation in leaf tissue. Whereas, decreased 
survivability percentage in response to UV-B irradiation is due to 
DNA damage which disrupts DNA polymerase that causes 
inhibition in replication and transcription (Britt and May, 2003; 
Kumar and Singh, 2020). Destruction of plant growth hormones 
also play a major role in the reduction in survivability percentage 
(Kumar and Bhardwaj, 2019).

It was noticed that UV-B radiation significantly affected 
the plant height and internodal length in fennel seedling. Lower 
doses of UV-B radiation (20 and 40 min) showed increased 
internodal length as well as plant height as compared to control 
plant. Kacharava et al. (2009) opined that photomorphogenic 
genes which are regulated at lower duration of UV-B radiation 
play an important role in the growth and development of plants 
and also protect the plants from photo-damage resulting in the 
exposure of UV-B radiation for Short duration (20,40 min). Kumar 
and Mishra (2019) reported similar result in Eclipta alba, however, 
higher exposer duration of UV-B radiation (60 and 80 min) 
reduced the internodal length and plant height (Fig. 1). In a study 
on Tartary buckwheat, a decrease in plant height was recorded in 
eight populations (Britt and May, 2003) due to photo-oxidative 
destruction of phytohormones which includes indole acetic acid, 
cytokinin, and gibberellin followed by reduced cell wall extensibility 
(Ros and Teenvin, 1995). The inhibition of growth of plants by 
enhanced UV-B can be related to higher production of active 
oxygen species, which can cause multi-targeted deleterious effects 
on PSII component and reduce the activity of Rubisco (Kumar and 
Singh, 2020). Data recorded for total photosynthetic pigment after 

complete randomized block design. Survival percentage was 
recorded after 21 days from the showing period.

During the course of growth and development, 
morphological parameters like plant height,leaf area, and 
internodal length were also calculated. Plant height was measured 
from the apex to the starting part of the stem with a measuring scale, 
when plant height attained stability then internodal length was 
measured. Leaf area was measured in randomly selected leaves 
along with control using a “SYSTRONICS LEAF AREA METER 
211”(a set of 9 circular mask plates; 10, 20, 50, 80, 100, 2 125, 
150, 180, and 200 cm) which is a simple, quick and accurate 
process to calculate the leaf area of plant.

Biochemical study

Chlorophyll variant observation: Chlorophyll mutants were 
thscored on 20  day after sowing. Different kindsof chlorophyll 

mutantslike Albino, Xantha, Chlorina, and Viridis were observed 
in treated plants with respect to control. The classification and 
identification of chlorophyll mutants were recorded to observe 
different chlorophyll mutants in a definite time schedule. The 
classification and identification of these mutants were done 
based on the nomenclature given by Girija and Dhanavel (2009).

Seed variant observation: Post harvest seed variants or 
mutants were observed. Different kinds of seed mutants like 
sickle-shaped, rectangular ridges shaped, straight, and small-
sized seeds were observed in treated plants with respect to 
control.

Estimation of photosynthetic pigments: Chlorophyll a, b, and 
carotenoids were extracted from fresh leaves of Foeniculum 
vulgare and their content was determined following the method of 
Lichtenthaler (1987). 

Cytological study

Meiotic preparation: Young flower buds of Foeniculum vulgare 
Mill were collected during early winter’s morning and were fixed in 
Carnoy’s fixative for 24 hr at room temperature and transferred to 
90% alcohol. Anthers were crushed in 2% aceto-carmine stain 
and debris was removed with a needle, after which slides were 
covered with coverslips followed by gentle tapping. Thereafter 
slides were observed under a microscope and photographs were 
taken using PCTV software. Fifteen plants were randomly 
selected per dose along with the control set.

Pollen fertility: Mature floral buds of fennel were taken and their 
pollen grains were spread over the slide and stained with glycerol- 
carmine mixture. The slides were covered with coverslips and 
observed under a microscope to estimate pollen fertility. Pollen 
fertility was calculated by the formula:

Pollen fertility = Total number of stained pollen / Total 
number of pollens observed *100
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Fig.1: Effect of UV-B radiation on the morphological parameters of Foeniculum vulgare Mill.leaf area, survivability %, internodal length and plant height 
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Table 1: Effect of UV-B radiation on the cytological parameters of Foeniculum vulgare Mill

No. of     Metaphasic abnormalities (%) Anaphasic abnormalities (%) Oth TAB Pollen
obse (%) fertility
rved 
PMC

Sc St Pm Un Mv       Uni Asy sc st un lg dp

Control - - - - - - - - - - - - - - 97.9±
a0.23

20 min 400 0.67± 0.42± 0.59± 0.09± 0.33± 0.33± 0.33± 0.42± 0.08± 0.33± 0.33± 0.25± 0.33± 4.5± 94.35±
b0.08 0.07 0.23 0.08 0.09 0.08 0.08 0.08 0.09 0.07 0,21 0.14 0.83 0.44 1.25

40 min 389 1.28± 0.51± 1.03± 0.43± 0.43± 0.43± 0.43± 0.86± 0.35± 0.26± 0.43± 0.26± 0.26± 6.96± 82.67±
c0.13 0.14 0.13 0.08 0.09 0.08 0.17 0.07 0.09 0.01 0.17 0.26 0.26 0.20 0.70

60 min 396 1.57± 0.61± 1.48± 0.59± 0.69± 0.61± 0.86± 1.05± 0.52± 0.61± 0.52± 0.52± 0.69± 10.31± 74.32±
d0.21 0.08 0.25 0.15 0.06 0.09 0.26 0.18 0.02 0.17 0.02 0.02 0.09 0.71 0.88

80 min 396 2.03± 0.42± 1.86± 0.85± 1.19± 0.84± 1.01± 1.52± 0.67± 0.76± 0.93± 1.18± 1.18± 14.44± 69.67±
e0.18 0.08 0.07 0.10 0.24 0.07 0.13 0.17 0.16 0.02 0.07 0.06 0.15 0.19 1.46

Abbreviations: PMC- Pollen mother cell; Sc- Scattering; St-Stickiness; Pm- Precocious movement; Un- Unorientation; Mv- Maltivalent formation; Uni- 
Univalent formation; Asy- Asynchronous division; Lg- Laggards; Bg- Bridge; dp- Disturbed polarity; Oth- Others; TAB- Total abnormality percentage
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at 60 min treatment whereas the lowest (26%) was recorded at 80 
min UV-B treatment.

The spectrum of chlorophyll mutants viz., albina, xantha, 
aurea, viridis, chlorina and yellow viridis were observed in the 
present UV-B treatment (Fig. 3). Chlorophyll mutants, whom 
operate as genetic markers, are important in measuring the 
effectiveness of any mutagen which play significant role in 
promotion of genetic variation for crops improvements (Kolar et 
al., 2011). Chlorophyll mutant, Albina (Fig. 3D) is pale dull white 
colour and its lifespan (10-20 days) is comparatively shorter than 
usual leaf (Solanki, 2004), viridis (Fig. 3I,J) is observed with 
whitish tips of leaves which causes lethal effect, whereas xantha 
(Fig. 3H) is straw-coloured yellow leaves (Chandola et al., 1963, 
Arulbala chandran and Mullainathan, 2009,).  Previous studies 
reveal that these variations are controlled by the genes present 
on several chromosomes located near the centrosome and 
proximal segments of the chromosome. Previous research has 
shown that these differences are regulated by genes found on 
numerous chromosomes near the centrosome and in the 
proximal portions of the chromosome. Along with these 
chlorophyll mutants, several morphological variations and seed 
mutants were also reported in this study. Seed quality (Sickle-
shaped, Rectangular, Ridge shaped, Straight Seeds, Small sized 
and Highly rigid seeds) have been isolated in a different time 
exposure of UV-B. It was found that in the lower doses of UV-B 

mutagen treatments indicated that there was a stimulatory as well 
as inhibitory effect on the mean values for this parameter. The 

-1estimated Chl-a content was maximum (1.23% mg g  F.W.) at 20 
-1min of UV-B treatment whereas in control (0.98±0.01% mg g  

F.W). Higher dose of UV-B radiation (80 min) showed minimum 
-10.82% mg g  F.W., Chl-a content. Whereas UV-B radiation shows 

an inhibitory effect for the Chl-b pigment, maximum (0.68±0.07% 
-1mg g  F.W.) of Chl-b pigment were reported in control which 

-1gradually decreased (0.39±0.03% mg g  F.W. at 80 min)  by 
increasing the UV-B radiation exposer.

In addition to these photosynthetic pigments, carotenoid 
contents exhibited stimulatory effect. It was found maximum 

-1(0.67±0.07 % mg g  F.W) at 40 min whereas without UV-B 
treatment/control carotenoid content was assessed to be 

-10.45±0.08% mg g  F.W. Chlorophyll a and b are the main 
photosynthetic pigments whereas carotenoids are the main UV-
protecting pigment. Previously, Kumar and Pandey, 2017 
reported that, high carotenoid content shows the tolerance 
capacity of plants against various stresses caused by mutagen 
and acts as important scavengers of ROS. In addition to this, it 
protects the chlorophylls from harmful UV radiation which causes 
photo oxidative damage by dissipating large excitation energy. A 
large spectrum of chlorophyll variant/ mutants was observed at 
seedling emergence on UV-B treatment (Fig 3). The highest 
(60%) frequency of chlorophyll variants/mutants were observed 
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Fig. 2: Effect of UV-B radiation on the pigments of Foeniculum vulgare Mill.
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Fig. 3: Effect of UV-B on leaf varient/ mutant: (A) Normal; (B-C) Semi albin A; (D)Albina; (E-F) Semi chlorina; (G) Semi Xantha; (H) Xantha; (I-J) Viridis; 
(K) Aurea and (L) Maculata.

¨ Journal of  Environmental Biology, July 2022¨



O
n
l
i
n
e
 
C
o
p
y

M. Mishra et al.: Cytomorphological and biochemical impact of UV-B in fennel plant568

Fig. 4: Chromosomal anomalies induced by UV-B exposure (A)- Normal metaphase; (B)- Normal anaphase; (C)- Stickiness at metaphase I; (D)- 
Unorientation with stickiness at metaphase I;  (E)- Precocious movement; (F)- Multivalent formation; (G)- Laggard formation with stickiness at 
metaphase I; (H)- Laggard with unorientation; (I)- Stickiness at metaphase II; (J)- Precocious movement with stickiness at metaphase II; (K)- Tripolarity 
II; (L)- Fertile and Sterile pollens (Scale bar = 10.89 mm)
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treatment, yield and other characters increased while in higher 
doses it showed decreasing pattern. The reduction in quantitative 
characters may be associated with disturbances in the 
physiological processes of plant or DNA damage which leads to 
apoptosis by mutagen (Shahwar et al., 2020).

Cytogenetical screening of pollen mother cells is a 
reliable assay for an in-depth analysis of fennel plant. Cytogenetic 
studies revealed that the chromosome complement set in fennel 
is n=11, confirming the somatic chromosomal configuration to be 
2n=22. Pollen mother cell, in control, were perfectly normal and 
were free off aberrations. Cytological observation revealed that 
UV-B radiation influenced chromosomal behaviour. Foeniculum 
vulgare consists of 22 chromosomes in PMCs, i.e., 2n=22. The 
normal meiotic behaviour of chromosomes in control plants 
showed 11 bivalent arrangements at metaphase having equal 
separation (11:11) at anaphase (Fig. 4 A,B). However, different 
types of chromosomal irregularities were recorded in UV-B 
treated plants. UV-B exposure produced a large number of 
anomalies at prophase, metaphase, and anaphase stages of 
meiotic cells (Fig. 4). Cytological explorations inferred that brief 
exposure to UV-B induced minimum chromosomal anomalies 
(4.5) at 20 min, however, abnormalities increased up to 14.44 at 
80 min as duration of UV-B increased (Table.1). 

Most prominent anomalies such as scattering, stickiness, 
unorientation, laggard, precocious, disturbed polarity, etc., were 
also recorded (Fig. 4). Scattered chromosomes at metaphaseI, II 
(Table 1) were the most predominant abnormality (2.03 at 80 min) 
in the present UV-B treatment. May be due to either inhibition of 
spindle formation or destruction of spindle fibers formed (Kumar 
and Rai, 2007). Precocious movement (Fig. 4 E, J) of 
chromosome at metaphase was found maximum (1.86±0.07) at 
higher dose of UV-B treatment which gradually increased on 
increasing the exposer time. Srivastava and Kapoor (2008) 
opined that precocious movement due to migration of 
chromosomes to the poles, which can result in early chaisma 
terminalization in diakinesis or metaphase I. Chromosome 
stickiness (Fig. 4 C, D) was another leading abnormality observed 
due to genetic or environmental factors. Choudhary et al. (2012) 
elucidated that defective functioning of non-histone proteins 
involved in chromosome organization are necessary for 
separation and segregation, which may result in stickiness and 
clumping of chromosomes. Univalent formation was found 
minimum (0.33) at 20 min of UV-B exposure, which later 
increased with increase in exposure time. (Table 1), univalents  
are formed due to the failure of chaisma formation during 
desynapsis of chromosomes at meiosis-I resulting into pairing 
disturbances after mutagenic effect of UV-B exposure (Goyal and 
Khan, 2010). Disturbed polarity at telophase may result due to the 
disturbances in the spindle formation (Bhat et al., 2007). Laggard 
formation (Fig. 4 G,H) at anaphase plays a significant role in 
variation in cytotype, in this study it was minimum (0.33%) at a 
lower dose (20 min) and maximum at higher dose (0.93%). Goyal 
and Khan (2010) opined that laggard formation occurs due to the 
inability of multivalent to separate during anaphase or adhesion of 
centromeres to the plasma membrane during prometaphase. UV-

B radiation damages DNA by inducing stress conditions, which 
affects pyrimidine bases to pyrimidine dimer.

Several repair systems like photoreactivation, nucleotide 
excision repair and base excision repair, recombination repair, 
and post replication repair are responsible for the removal of 
errors in DNA segments (Van Dyck et al., 1999). Pollen fertility in 
control plants was maximum 97.9 whereas in treated plants it 
decreased with UV-B exposure (Table.1) Induction of a higher 
percent of chromosomal abnormalities greatly affects 
microsporogenesis by forming nonviable gametes, which 
considerably reduces pollen fertility (Kumar and Rai, 2007). 
Considering the diverse genetic consequences, the efficient 
mutagenic dose is considered to cause lesser biological 
damages (seed germination, growth inhibition, and pollen fertility) 
with high rate of mutation; therefore, it is the target traits to be 
improved in a specific genotype and objective of the mutation 
breeding. Since biological damages are directly correlated with 
the cytological aberrations along with the rate of mutations, 
percent aberration frequency worked out in the present 
experiment for the different time duration of UV-B in fennel will be 
helpful to select the optimum mutagenic dose and in the 
estimation of possibilities of mutation induction.
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