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ABSTRACT

This study investigates the effects of seed priming with paramylon nanoparticle in blackgram
during aluminum stress. Aluminium stress refers to the detrimental effects caused by
excessive aluminium (Al) concentrations in the soil on plant growth and productivity.
Research on aluminium stress in seeds often focuses on understanding the genetic and
physiological mechanisms underlying aluminium tolerance. Paramylon, a -1,3-glucan
derived from the unicellular algae Euglena gracilis, which is rich in a unique polysaccharide
called paramylon. In this research, Vigna mungo seeds were subjected to 100ug of Al stress
concentration in the presence and absence of paramylon nanoparticles. Germination rate,
seedling growth parameters, and biochemical markers of stress were evaluated to assess
the efficacy of paramylon nanoparticles alleviating aluminium-induced inhibition of
germination. Preliminary results indicate that the paramylon nanoparticles positively
influence seed germination and seedling vigor under aluminium stress conditions. It is found
that the highest germination rate is found in 5ug and 50ug paramylon nanoparticle
concentration. Also, the ROS accumulation and ROS aluminium in the root tips of the
seedlings are visualized by staining the tips in Dichlorodihydrofluorescein diacetate dye and
morin dye respectively. Decreased ROS accumulation is observed in high concentration of
paramylon nanoparticle coating. The higher level of anti-oxidant enzymes such as CAT, ATX
and SOD are higher in the seeds that are primed with paramylon nanoparticle. These
findings suggest the potential of paramylon nanoparticles as a novel approach to enhance
crop resilience to aluminium stress and contribute to the development sustainable
agricultural practices. Therefore, from overall study, we can understand that the seed priming
of paramylon nanoparticle in blackgram seedling can effectively overcome the applied
Aluminium stress condition and positively result in the overall growth characteristics of the

blackgram (vigna mungo) seedlings.

Keywords: Seed germination, Nano-particles, Toxicity, Growth characteristics,

Dichloro Dihydrofluorescein Diacetate, Stress condition.
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CHAPTER-1
INTRODUCTION
1.1 BLACKGRAM

Blackgram (Vigna mungo), also known as urad bean, is a vital pulse crop
renowned for its high nutritional value and adaptability to diverse agro-climatic
conditions. It is a one of the most important grain legume, plays an important role in
tropical and sub-tropical of short duration legume. Blackgram is rich in dietary
protein and micronutrients and it is root commonly cultivated in the area of

Southeast Asia and Bangladesh (Alsaeedi et al. 2019)
1.2 ALUMINIUM STRESS

Aluminium stress refers to the detrimental effects caused by excessive
aluminium (Al) concentrations in the soil on plant growth and productivity. Aluminium
is the most abundant metal in the earth’s crust and can become toxic to plants when
present in concentrations, particularly in acidic soils. Aluminium (Al) stress is a
pervasive challenge confronting plants in many agricultural ecosystems,
significantly impairing growth, development, ultimately, crop yields. Aluminium
toxicity occurs predominantly in acidic soils, where solubilized aluminium ions hinder
root growth, nutrient uptake, and physiological processes essential for plant vitality.
Different seeds exhibit varying levels of tolerance to aluminium stress (Bambang
Suwinbnyo et al.,(2023). Some plants have mechanisms to detoxify or exclude
aluminium from their roots, while others are more sensitive to its effects. Research
on aluminium stress in seeds often focuses on understanding the genetic and
physiological mechanisms underlying aluminium tolerance. Understanding the
mechanisms by which aluminium affects plants and developing stratergies to
mitigate its impact are essential for sustainable crop production in affected area
(Mehrzad Zargarzadesh et al.,2020).

1.3 SEED PRIMING

One such technique gaining prominence is seed priming, a pre-sowing seed
treatment method that enhances germination, seedling vigor, and overall crop

performance. Seed priming involves controlled hydration and dehydration of seeds



before planting, triggering physiological and biochemical changes that confer
resilience to environmental stresses (F Zhu t al.,2016). This process stimulates early
seedling growth, leading to improved crop establishment, uniform emergence, and
ultimately, higher yields. Common priming solutions include water, potassium nitrate
(KNQO3), calcium chloride (CaCl2), and polyethylene glycol (PEG) (Feizi et al.,2012).
In this case of black gram, seed priming holds immense potential to mitigate
challenges associated with sub optional soil conditions, erratic rainfall patterns, and
pest pressures, thereby bolstering productivity and farmer livelihoods. In this primer,
we delve into the rationale behind seed priming in black gram cultivation, exploring
its mechanisms, benefits, and practical application strategies (Mehrzad
Zargarzadesh et al.,2020).

7.4 PARAMYLON FROM EUGLENA GRACILIS

Paramylon, a B-1,3-glucan polysaccharide derived from the unicellular algae
Euglena gracilis, which is rich in a unique polysaccharide called paramylon. These
are emerged as a promising candidate in the realm of nanotechnology, particularly
in the form of paramylon nanoparticles. These nanoparticles, with their unique
physicochemical properties and biocompatibility, hold tremendous potential for
diverse applications in biomedicine, ranging from drug delivery systems to

immunomodulatory agents (Sahandi et al.,2011).
1.5 THE MECHANISM OF NP’'S UPTAKE IN PLANT ROOTS

The mechanism of NPs uptake by plant roots is not clearly understood.
Studies have shown that depending on the size, NPs may enter in plant cell through
carrier proteins, ion channels, via fluid phase endocytosis, plasmodesmata
transport, or entry may be facilitated through natural organic matter or root exudates
and formation of new pores (Singh et al.,2021). The uptake and transport of NPs
are size dependent, and they move actively as well as passively throughout the
plant. Furthermore, it was discovered that once NPs enter different tissues, they are
effective at enhancing specific morphophysiological parameters like height and
flower count, fruit yield fresh and dry weights, overall growth and biomass, early
flowering, total crop yield, quantity and quality in soybean and mung bean, seed

germination, and uptake of macro and micronutrients (Kole et al.,2013)



Thus, newer developments in the agricultural sector are mandatory such as applying
new technologies and continuous innovation in agriculture is highly needed.
Nanotechnology is one of the most promising and innovative tools in the current
scenario and has been acknowledged as “Key Enabling Technology” by the

European Commission (N. Singh, Bhuker, and Jeevanadam et al.,2021).
1.6 SEED PRIMING IN BLACKGRAM

Seed priming is a pre-sowing treatment where seeds are soaked in water or
a solution to initiate the metabolic processes necessary for germination. In
blackgram, seed priming can enhance germination rate, uniformity, and seedling
vigor, ultimately leading to better crop establishment and yield. The process typically
involves soaking seeds in water or a nutrient solution for a specific period, followed

by drying before sowing (Ali et al., 2019).

Seedlings were randomly selected for each treatment to observe seedling
parameters, such as shoot length and root length, fresh weight and dry weight of
the seedlings. Shoot length and root length were measured using centimetre scale.
For estimation of dry weight, seedlings were dried in hot air oven at 80°C for 24

hours and expressed in gram .



CHAPTER-2
LITERATURE SURVEY

Bioefficacy of Fe203 quantum dots on enhancing seed germination and
seedling vigour in blackgram (Vigna mungo) QDs are capable of entering the seeds
through pores present on the seed coat during water imbibition, induce water uptake
ability of seeds, and enhance enzymatic activity. The present study demonstrates
that application of Fe203 Quantum dots to improve Black gram seed quality. At the
concentration of 500 ppm, Fe203 Quantum dots improve the seed germination,
seedling length, seedling dry weight and seedling vigour. When the concentration
of QD increases beyond 500 ppm, it shows antagonistic effect on the seed

parameters (P et al.,2022)

Biogenic ZnO and Cu nanoparticles to improve seed germination quality in
blackgram (Vigna mungo) ZnO and Cu nanoparticles have significant impact in
improving seed quality of black-gram (Vigna mungo). Seeds of vigna mungo were
soaked with different concentration of nanoparticles. And results were observed
after 2-3 months (Raja et al.,2018)

Copper nanoparticle application enhances plant growth and grain yield in
maize under drought stress conditions. Copper oxide NPS positively affects plant
biomass under both normal and drought conditions. Additionally, application of
Copper oxide NPS retains leaf water status, as well as chlorophyll and carotenoid
content under drought stress conditions. Copper oxide NPS priming has a major
role in controlling ROS level in maize in response to water stress through increasing

both ROS-scavenging enzyme activity and antioxidants (Van Nguyen et al.,2022)

Effects of copper nanoparticles (CuO NPs) on crop plants: a mini review. 14
The toxicity of NPs depends on plant species, growth conditions, exposure time,
concentration, type, and size of NPs. It is well noted that the Cu ions in small
concentrations are able to stimulate the plant growth and play the role as

microelement (Rajput et al.,2018)

Effects of metal nanoparticle-mediated treatment on seed quality parameters
of different crops It is concluded that the toxicity of the nanoparticles toward the

environment as well as crops depends on the type, chemical composition, size,

4



density, method of preparation, and application of nanoparticles. Further, the type
and age of the crop as well as the duration of treatment of a specific nanoparticle
toward a particular crop can also play a crucial role in their toxicity (N. Singh et
al.,2021)

Effects of Nanoparticles on Seed Germination, Growth, Phytotoxicity and
Crop Improvement. Various types of metallic NPs released in our natural
environment have a great impact on plant species. Therefore, nanotechnology is
becoming very essential today to further help promote ultra-modern farming
systems with low environmental impact. Synthesized NPs were used in a wide
variety of applications for crop growth and higher yield. It regenerates and
accumulates in plant roots, stems, leaves and other parts of the plant and promotes
plant growth, respiration, transpiration, biomass production, yield improvement and
phytotoxicity. NPs have produced both positive and negative effects on plant growth

and development, which depends on the size and shape of NPs (Verma et al.,2020)

Green synthesis, characterization and applications of nanoparticles.
Synthesized metal oxide nanoparticles were characterized using UV spectroscopy,
SEM, FTIR and XRD. The peak range observed for zinc oxide nanoparticles ranges
between 350-380nm and for copper oxide and iron oxide nanoparticles the observed
range between 220-280nm (Pal et al.,2019)

Impact of green synthesized metal oxide nanoparticles on seed germination
and seedling growth of Vigna radiate (Mung Bean) and Cajanus cajan (Red Gram).
Similar to this paper, comparative analysis can also be made among copper oxide,
iron oxide and zinc oxide nanoparticles, observing which nanoparticle has shown
better results considering different parameters such as root and shoot length,

biomass, antioxidant activity (Rani, P et al.,2020)

Impact of nanoparticles on abiotic stress responses in plants: an overview It
is essential to gain basic knowledge about the interaction of NPs with plants at
various levels to exploit the best properties of NPs. NPs show their impact at very
low concentrations, and the effect on plants is type and dose dependent. The
scientific community has a major concern to overcome abiotic-stress-induced loss

of crop productivity, and several NPs are being studied to assess their potential role



in protecting plants from abiotic stresses, plant development, crop production, and
modulating the various plant processes Additionally, to prevent adverse effects of
NPs on the environment, proper understanding of their role is essential: to reduce
negative impacts of NPs such as ZnO NPs on the environment and crops, it is vital
to engineer their properties and understand plant NP interactions better before their

practical application in the field (Z. Khan et al.,2019)

Seed priming with nanoparticles: An emerging technique for improving plant
growth, development, and abiotic stress tolerance. The excess usage of chemical
stimulants is responsible for the reduction of crop yield and destruction of soil fertility
and the ecosystem. Seed priming with NPs is a promising tool that can be employed
to promote successful crop production. The literature showed that the use of NPs-
priming has the latent to change the conventional agriculture based on the practice
of agro-chemicals into a more maintainable agriculture, as these systems can
improve plant growth and mitigate abiotic stressors, consequently, ensuring in

increments of productivity and quality of foods (Rhaman et al.,2022)

The use of bio-stimulants or osmoprotectants has been one of the most
practical approaches so far to overcome environmental and abiotic stress. Not only
stressed plants but also their transgenic expression would be beneficial with the use
of osmoprotectant such as proline, glycine betaine, or amino acids. In this chapter,
under abiotic stress conditions as well as their significance and expressions under
biotic stress conditions, the role of osmoprotectants has been evaluated (Murat
Dikilitas et al.,2020)

The use of nanoparticles and Nano formulations in agriculture. 13
Nanoparticles have great potential to improve the agricultural productivity. Toxicity
for humans must also be taken into account because in many cases the
nanoparticles cannot be fully removed from human-consumed agricultural products
(Pestovsky et al.,2019)

TiO2 nanoparticles can enhance germination and seedling growth of mung
bean (Vigna radiate L.). The uptake rate depends on the size and the surface
properties of the nanoparticles. Nanoparticles could enter the xylem via the cortex

and the central cylinder and may accumulate in the vacuole. The increase in seed



germination along with seedling growth in specific concentration of nanoparticles

suggested optimum dose limit on growth of seedlings (Priya et al.,2020)

To examine the ZhongmuNo3 alfalfa seed germination stage with 200mM
Nacl and 180g.L-1 Polyethylene glycol (PEG) physiological and proteomic analyses
were applied. Through two-dimensional electrophoresis (2-DE), more than 800
proteins were detected by proteomic technology. Discovered that under PEG-
mediated drought stress and salt stress, some proteins related to carbohydrate,
metabolism and energy production increased in abundance. Overall this study
demonstrated a common mechanism of energy consumption during abiotic stress
(Qiaoli Ma et al.,2017)



CHAPTRER-3

AIM AND OBJECTIVES
3.1 AIM

To determine the effects of seed priming with paramylon nano-particles in

blackgram during aluminium stress.
3.2 OBJECTIVES

e Priming the Vigna mungo seeds with 3-1,3 glucan nanoparticle of different
concentration.

e Introducing the primed seeds to the stress condition (Aluminium stress) for
germination.

e Analyzing the germination rate, seedling growth and other characteristics of
the primed seeds in comparison with unprimed seeds (control).

e Overview about the effect of paramylon nanoparticle in overcoming the

applied stress condition.



CHAPTER-4
MATERIALS AND METHODS

4.1 MATERIALS REQUIRED

The materials obtained in this experiments are Blackgram, Paramylon from
Euglena gracilis 100mg (0.1%), 40ml Beaker, 15ml falcon tubes, Magnetic stirrer,
Water (H20) (50 ML), Sodium hydroxide crystals (0.5g), Triphenylphosphine (TPP)
(4.17ml), Acetic acid 250ul (1%), Centrifuge, Ethanol, Aluminium stress (100ug),
Stock solution (0.1M), Water — 10ml, 4 different concentration of Paramylon,
Sterilized alfalfa seeds, Sterile water, 15 ml falcon tubes, Germination paper,
Distilled water, 100ml beaker, Primed seeds, Forceps, Rubber bands & tissue
paper, DCFDA (2-Dichlorodihydrofluorescein diacetate), Buffer, Root tips, 0.1 gm

leaves, 5.0 ml of leaves and 0.1 Potassium phosphate buffer (pH 7.0).
4.2 METHODS

4.2.1 Seed collection

"' .4:: ;e S\ S

» e A

Fig 4.1 Blackgram

Here sample refers to blackgram [Vigna mungo] seeds precured from sakshi
farm which are non-genetically modified organic (GMO) and chemical free and

100% organic in nature.



4.2.2 Preparation of nanoparticle
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Fig 4.2 Structure of Paramylon nanoparticle

We use the paramylon extracted from the algae Euglena gracilis. In 40ml of
beaker, 25ml of H20 is mixed with 2% (0.5g) sodium hydroxide (NaOH).100mg
(0.1%) B-glucan dissolved in 25ml of 2% (0,5g) sodium hydroxide. Then kept for 2
hours in magnetic stirrer at 90°C with 420 rpm. After 2 hours of incubation,
precipitated by using 1% acetic acid (250pl). To obtain the precipitate, the solution
is kept in magnetic stirrer for 1 hour, after adding acetic acid. Fill the solution equally
to 2 falcon tubes of 15ml. Centrifuge the solution at 7000 revolutions per minute
(rpm) for 15 minutes at 11°C, is crucial for isolating and concentrating the nano-

particles from the solution.

After centrifuge, a pellet is obtained from the solution. Triphenylphosphine (TPP)
is prepared at a concentration of 2mg/ml for the experiment. The pellet was
dissolved in 8.33ml of solution by adding 4.16ml of sterile water followed by 4.17ml
of TPP dropwise. After being isolated for 30 minutes, the mixture is centrifuged
again at 7000 rpm for 15 minutes to separate any remaining particles or impurities.
The obtained pellet is washed several times and then stored in cold conditions for
24 hours to maintain its stability. The final concentration of a Nano-particle is
4mg/ml.

10



4.2.3 Seed priming

Before priming, seeds are sterilized by immersing them in a 2% sodium
hydroxide for 10 minutes to ensure cleanliness and prevent microbial contamination.
Seed priming in blackgram is involved soaking the seeds in paramylon solution for
24 hours to enhance germination and early seedling vigor. Here seed priming is

conducted using four distinct concentration of paramylon nano-particle.

The four distinct concentrations are 5ug, 25ug, 50pg, 100pg. After the
completion of seed priming, the seeds are for the next process. Germination, which

will initiate their growth into plants.

4.2.4. Nacl solution preparation

Fig 4.3 Aluminium Stress

The selected aluminium concentration was 100um. The aluminium solution
was prepared by dissolving 8.766g of all in 10ml of water. From the Al stock solution,
250ul of Al stress is combined with 250l of water creating a solution that as then

used for germination.

11



4.2.5 Incubation of seeds for germination

Fig 4.4 Control seedlings of Blackgram

without PNP treatment

Fig 4.5 Blackgram seed priming with

NPN under Aluminium stress

12



After 24 hours of priming, the seeds are now prepared and ready to be placed
for germination. For the germination process, a total of six rolls of germination paper
have been prepared, encompassing a control group, stress conditions, and for
distinct concentration on nano-particle. In the control group, 8 unprimed blackgram
seeds are positional within germination paper to facilitate germination, then bundled
with a rubber band and positioned in a beaker containing only 250ul of water. In a
beaker containing 250ul of distilled water combined with 100ug of Al stress as
mentioned in working standard, 8 unprimed blackgram seeds are positional within
germination paper to facilitate germination then bundled with a rubber band to avoid

opening of germination paper. For aluminium (Al) stress 4.7 PH is maintained.

The primed seeds (8 seeds) with a concentration of 5ug of paramylon
nanoparticles are positioned within germination paper to facilitate germination are
placed in the beaker containing 250ul of water combined with 100ug of Al solution.
The primed seeds (8 seeds) with a concentration of 25ug of paramylon
nanoparticles are positioned within germination paper to facilitate germination are
placed in the beaker containing 250ul of water combined with 100ug of Al stress.
The primed seeds (8 seeds) with a concentration of 50ug of paramylon
nanoparticles are positioned within germination paper to facilitate germination are
placed in the beaker containing 250ul of water combined with 100ug of Al strss. The
primed seeds (8 seeds) with a concentration of 100ug of paramylon nanoparticles
are positioned within germination paper to facilitate germination are placed in the

beaker containing 250ul of water combined with 100ug of Al stress.

These seeds are kept for germination for 7days at a temperature range of 27°C
- 30°C. The water and stress levels in the beaker, where the seeds are positioned
are changed at intervals of 2days to ensure there was no contamination and to
maintain a consistent stress concentration. After 7 days of germination, further
analysis including germination rate, root length and shoot length dry weight and

fresh weight and seedling vigor are conducted.

13
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Fig 4.7 Blackgram seedling after germination
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4.2.6 ROS accumulation

Fig 4.8 Root tips from Blackgram seedling for ROS accumulation

e To stain root tips for ROS (Reactive Oxygen Species) accumulation using
DCFDA (2’ - Dichlorodihydrofluorescein diacetate).

Dilute DCFDA stock solution in a suitable buffer or medium. Typically, a final
concentration of 10-50 uM is used. Harvest root tips to Excise the root tips from
the plants of blackgram. Ensure they are intact and healthy. Incubate with
DCFDA solution then place the root tips in a small container or well plate and
cover them with the prepared DCFDA working solution. Incubate them in the
dark for about 30 minutes to allow the DCFDA to penetrate the cells and be
cleaved by intracellular esterase, resulting in the formation of the fluorescent
compound DCFDA (2° - Dichlorodihydrofluorescein diacetate). After the
incubation period, wash the root tips with a buffer or medium to remove excess
DCFDA. Mount the tips on a microscope slide and observe them under a
fluorescence microscope equipped with appropriate filters for detecting DCFDA
fluorescence emitted by DCFDA. Quantify the fluorescence intensity using
image analysis software to compare ROS levels among different samples or

conditions.

15



4.2.7 Chlorophyll Content

Fig 4.9 Chlorophyll extraction from Blackgram seedlings

Chlorophyll content was estimated following the protocol briefly, 0.1gm
leaves were homogenized in 5.0 ml of acetone and centrifuged at 4000 rpm for 20
minutes. The supernatant was collected, and the residue was re-extracted twice
with 5ml of acetone and centrifuged. The supernatants were combined and volume

was made to 20 ml with 80% acetone.

4.2.8. Antioxidant assay

The leaves of blackgram seedlings were homogenized on ice using a motor
and pestle in a 0.1M potassium phosphate buffer (pH 7.0), followed by the
centrifugation at 12000 rpm for 15 minutes at 4°C. The resulting supernatant was
utilized for enzyme assays for (CAT- Catalase Activity, SOD- Superoxide Dismutase

Activity, and APX- Ascorbate Peroxidase Activity).

16



CHAPTER-5

RESULTS AND DISCUSSION

5.1 FOURIER TRANSFORM INFRARED (FT-IR) SPECTROSCOPY RESULT OF
PARAMYLON NANOPARTICLE

FTIR (Fourier Transform Infrared Spectroscopy) results for paramylon
nanoparticles provide valuable information about the chemical composition and

functional groups present in the nanoparticles.

FTIR spectra can identify specific functional groups present in paramylon
nanoparticles, such as hydroxyl (OH), carbonyl (C=0), and aliphatic groups. This
information helps in understanding the molecular structure of paramylon and its
potential interactions with other compounds. FTIR analysis can confirm the purity of
paramylon nanoparticles by detecting the absence or presence of impurities based
on characteristic absorption bands. FTIR spectra can provide insights into the
molecular structure and conformational changes of paramylon nanoparticles, which
is important for understanding their stability and behavior under different conditions.
FTIR analysis can be used to study the interactions between paramylon
nanoparticles and other molecules or surfaces, such as drugs or biomolecules, by

observing changes in peak intensities or shifts in absorption bands.

e Peak was observed at 1020-! which indicates that strong bond of C-OH.

e Vibrations near 1480cm! to 1440cm- ! indicate CH2 bond at a medium

level.

17
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Fig 5.1 FTIR-spectrum of paramylon nano-particle
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5.2  SCANNING ELECTRON MICROSCOPY (SEM) RESULT OF
PARAMYLON NANOPARTICLE

When applied to blackgram nano-paramylon, SEM can reveal details about
the morphology, size, and distribution of the nano-paramylon particles. SEM is a
powerful imaging technique used to observe the surface structure of materials at a
high resolution. Additionally, SEM images can show the distribution of

nanoparticles and any aggregation or clustering behavior.

Fig 5.2 SEM Images of paramylon nanoparticle
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5.3 FRESH WEIGHT

The table 5.1 represents the fresh weight of the primed blackgram seeds
under aluminium stress. After 7 days of germination the plants, firstly the plants
weight is observed and it is known as fresh weight. Figure 5.3 shows the graphical
representation of root length and its standard deviation. Under aluminium stress

conditions, the highest weight of 0.2116 was obtained in 25ug paramylon nano-

particle primed blackgram seedling.

BLACKGRAM FRESH WEIGHT (g)
CONTROL 0.1911 £ 0.07
Al STRESS 0.1680 + 0.2
5ug PNP 0.1508 +0.12
25ug PNP 0.2116 £0.16
50pg PNP 0.1712+0.18
100pg PNP 0.1930 + 0.24

Table 5.1 Fresh weight of Blackgram seedling treated with

PNP under aluminium stress

Fresh weight
250
200 1911 193
- le1s 171.2
£ 150.8
= 150
®
5 111.6
3
< 100
()
e
50
0
Control 100uM (Al) 100pM (Al)+5ug  100uM (Al)+5ug  100uM(Al)+50pg 100uM(Al)+100ug
PNP PNP PNP PNP

Treatment(pg)

Fig 5.3 Fresh weight of blackgram seedling treated with

PNP under aluminium stress
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54 DRY WEIGHT

The table 5.2 represents the dry weight of the primed seeds under aluminium
stress. Dry weight is measured using the weighing machine in grams. The black
gram plants are kept in incubator for 48 hours at 80° C to make the plants dry
completely. The table 5.2 represents the dry weight of primed plants under salt

stress. The highest dry weight is observed in 100pg PNP primed blackgram
seedling.

BLACKGRAM DRY WEIGHT (g)
CONTROL 0.0244  0.21
Al STRESS 0.0210 £ 0.25

5ug PNP 0.0202  0.29
25ug PNP 0.0268 * 0.4
50pg PNP 0.0211 £0.24
100pg PNP 0.0216 * 43.1

Table 5.2 Dry weight of Blackgram seedling treated with
PNP under aluminium stress

Dry weight

70 64.7

60

Dry weight (mg)
N w D (9]
o o o o

=
o

26.
243 o8
20.9 20.2 l 211
0 I l l .

Control 100uM(Al) 100uM(Al)+5ug  100uM(Al)+25pug 100uM(Al)+50ug 100uM(Al)+100ug

PNPy e atment(ug) " PNP PNP

Fig 5.4 Dry weight of blackgram seedling treated with

PNP under aluminium stress
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9.5

SHOOT LENGTH

The table 5.3 represents the shoot length of germinated seedling, which is

taken after 7 days of germination. The measuring scale is used to determine the

plant’s shoots length in centimetres. Figure 5.5 shows the graphical representation

of standard deviation of shoot length. The highest shoot length is found in 25ug PNP

primed blackgram seedling.

BLACKGRAM SHOOT LENGTH (cm)
CONTROL 17 £2.05
Al STRESS 18 £1.63
5ug PNP 13+2.05
25pg PNP 18 £1.63
50pg PNP 13+2.05
100pg PNP 15 £ 1.24

Shoot length (cm)

Table 5.3 Shoot length of Blackgram seedling treated with

PNP under aluminium stress

Shoot length

25

18
20

14.6
15
10
5
0
Control 100uM(Al) 100uM(Al)+5ug  100puM(Al)+25pug 100puM(Al)+50ug 100uM(Al)+100ug
PNP PNP PNP PNP

Treatment (pg)

Fig 5.5 Shoot length of blackgram seedling treated with

PNP under aluminium stress
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5.6 ROOT LENGTH

The table 5.4 represents the root length of the germinated black gram
seedling, which is taken after the seven days kept for germination. The measuring
sale is used to determine the lengths of the plant’s roots in centimeters. Figure 5.4
shows the graphical representation of root length and its standard deviation. After
control the highest root length is achieved by 25ug PNP primed blackgram seedling.

BLACKGRAM ROOT LENGTH (cm)
CONTROL 21+2.44
Al STRESS 12.6 £ 2.05
5ug PNP 13.6 £ 4.22
25ug PNP 18 £1.63
50ug PNP 16.6 + 2.49
100pg PNP 16 £ 1.63

Table 5.4 Root length of Blackgram seedling treated with

PNP under aluminium stress

Root length
25
21 18
20 16.6 16
a 12.6 1?'6 ]
S 15 . [
: |
-
)
[
<
L
g 10
4
5
0
Control 100uM(Al) 100uM(Al)+5ug  100uM(Al)+25pg 100uM(Al)+50ug 100uM(Al)+100ug
Paramylon Paramylon Paramylon Paramylon

Treatment (ug)

Fig 5.6 Root length of blackgram seedling treated with

PNP under aluminium stress
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5.7

SEEDLING VIGOR

The table represents the seedling vigor index of the germinated seeds. The

vigor rate is calculated with the formula, Root length + shoot length x germination

rate + 100. The following graph represents the seed vigor of the black gram under

aluminium stress. The highest seed vigor is found in the 5ug concentration of

nanoparticle under 100uM aluminium stress.

BLACKGRAM SEED VIGOR
Al STRESS 30.4 + 38
CONTROL 18.6 + 31

5ug PNP 18.9 27
25pg PNP 102+ 34
50pg PNP 11.6 £ 29
100pg PNP 16,5+ 33

35

30

25

20

15

Seedling vigour

10

(6]

Table 5.5 Vigor index of Blackgram seedling treated with

PNP under Aluminium stress

Seed Vigour Index

30.4
18.6 18.9
1 T 16.5
T
11.6
10.2 1
Control 100uM(Al) 100uM(Al)+5ug  100puM(Al)+25ug 100uM(Al)+50pg 100pM(Al)+100ug
PNP PNP PNP PNP

Treatment (ug)

Fig 5.7 Vigor index of Blackgram treated with

PNP under Aluminium stress
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5.8 GERMINATION RATE

The table 5.6 represents the germination rate of vigna mungo plant under
100um aluminium stress. Germination rate of seeds are observed in the intervals of
2 days and noted. 70% is the highest germination rate observed in 5ug
concentration of paramylon nanoparticle under aluminium stress. Germination rate

is calculated with the formula, No. of. Seeds germinated +Total no. of seeds per
platex100.

BLACKGRAM GERMINATION RATE (%)
CONTROL 80 +8
Al STRESS 60 + 6
5ug PNP 70 +7
25ng PNP 30 +3
50pg PNP 40 £4
100pg PNP 50 +5

Table 5.6 Germination rate of Blackgram seedling treated with

PNP under Aluminium stress

Germination rate

100
80

Vo]
o

70

60 T
| 50
40 T
| I I

Control 100uM(Al) 100uM(Al)+5ug  100uM(Al)+25ug 100um(Al)+50ug 100uM(Al)+100ug
PNP PNP PNP PNP

Treatment(pg)

D N ®
o o O

Germination rate in (%)
= N w B w1
o © © © o

o

Fig 5.8 Germination rate of Blackgram treated with

PNP under Aluminium stress
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9.1 RESULTS FOR ROS ACCUMULATION
5.9.1 ROS acculmulatiom on root tips of the seedlings

Root tips are stained with Dichlorodihydroflurorescein diacetate (DCDFA) to
measure the ROS accumulation on the root tips in response to stress condition.
DCFH-DA dye enables us to visualize the ROS accumulation in the root tips
seedling. The bright fluorescence green in the root tips indicates the level of ROS
accumulation in the tips. Unpaired seedlings grown under stress control show high
level of ROS accumulation due to the induced stress damages in the roots of those
seedlings. The root tips of seedlings primed with 100pg concentration have no ROS

accumulation. The other concentrations (5ug, 25ug, 50ug) have a low level of ROS

accumulation in the edges oh the root tips.

II

Control 100uM (Al)  100uM(AD+ 100uM(AD+ 100puM(AD+ 100uM(AD+
5ug (PNP) 25ug(PNP) 50ug(PNP) 100ug(PNP)

Fig 5.9 ROS accumulation in root tips of Blackgram seedlings

Treated with PNP
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5.9.2 Acculmulatiom of aluminium on root tips of the seedlings

Morin dye enables us to visualize the accumulation of aluminium in the root
tips of the black gram seedlings. The seedlings that are primed with paramylon show
a dark green colour in the Confocal Microscopy which indicates the low-level
accumulation of aluminium, Fluorescence green is observed in the root tips which

indicates the high accumulation of aluminium. Thus, from the images we can infer

the seed priming with paramylon controls and the seeds.

Control 100uM (Al) 100pM(AD+ 100uM(AD+  100uM(AD+  100uM(Al)+
5ug (PNP)  25ug(PNP) 50ug(PNP)  100ug(PNP)

Fig 5.10 Aluminium accumulation in root tips of Blackgram seedlings

Treated with PNP
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5.10. ANTIOXIDANT ENZYME ACTIVITY
5.10.1 Catalase Activity

CAT activity would indicate the ability of blackgram seedlings to scavenge
hydrogen peroxide (H202), a reactive oxygen species (ROS) produced under stress
condition. Treatment with 100uM Al stress brought about a significant decrease in
the activity of CAT when compared to control conditions. It was found that a

significant increase in its activity under Paramylon nanoparticle treatment.

BLACKGRAM CAT ACTIVITY(Units/mg)
CONTROL 6+ 1.64
Al STRESS 414
5ug PNP 7 £0.21
25pg PNP 8+1.34
50pg PNP 6+1.064
100ug PNP 12 £ 2.081

Table5.7 CAT Activity of Blackgram seedling

CAT Activity

16
14 T
12

10

8
7
6

. 6
6 4 )
4
2 .
0

Control 100ug (Al) 5ug PNP 25ug PNP 50ug PNP 100ug PNP
Treatment(pg)

CAT Activity (Units/mg protien)
[o0]

Fig 5.11 Effect of PNP priming on CAT Activity of

Blackgram under Aluminium stress

28



5.10.2 Superoxide Dismutase(SOD) Activity

SOD activity would reflect the capacity of alfalfa to dismutase Superoxide
radicals into oxygen(O2) and H202. Increased SOD activity would indicate
enhanced ROS scavenging capacity and decreased damage to lipids of the plasma
membrane under stress. Treatment with 100uM Al stress brought about a significant
decrease in the activity of SOD when compared to control condition. It was found

that a significant increase in SOD activity in control and slight increase in its activity

under paramylon nanoparticle treatment.

BLACKGRAM SOD ACTIVITY(Units/mg)
CONTROL 82 £2.052
Al STRESS 54 +1.29
5ug PNP 65 + 2.081
25pg PNP 75 + 2.581
50pg PNP 62 +2.051
100pg PNP 93 + 1.632

Table 5.8 Effect of PNP priming on SOD Activity of

Blackgram under Aluminium stress

100
90
80
70
60
50
40
30

SOD Activity(units/mg protein)

20
10

Control 100pg (Al)

5ug PNP

SOD Activity

82
75
es 62
54 I I

25 pug PNP 50 pg PNP

Treatment(pg)

Fig 5.12 Effect of PNP priming on SOD Activity of

Blackgram under Aluminium stress
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5.10.3 Ascorbate Peroxidase(APX) Activity

APX activity would show the ability of blackgram to detoxify H202 by utilizing
ascorbate as a specific electron donor, thereby preventing oxidative stress. Elevated
APX activity would imply improves ROS scavenging and tolerance to aluminium
stress. Treatment with 100uM Al stress brought about a significant decrease in the
activity of APX when compared to control conditions. It was found that a significant
increase in APX activity in control and slight increase in its activity under Paramylon

nanoparticle treatment.

BLACKGRAM APX ACTIVITY (Units/mg)
CONTROL 3.4 +0.081
Al STRESS 2+1.29
5ug PNP 3.3+0.024
25ug PNP 4 +1.44
50ug PNP 6 + 1.64
100pg PNP 7.5+0.208

Table 5.9 Effect of PNP priming on APX Activity of

Blackgram under Aluminium stress

APX Activity

9

8 6 7_._5
=
E’ 7
o
s
o0 6 4
E -+
=5
=
S
:'; 4 3.4 2 33
<
22
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) .

0

Control 100ug (Al) 5ug PNP 25ug PNP 50ug PNP 100ug PNP

Treatment(p)

Fig 5.13 Effect of PNP priming on APX Activity of

Blackgram under Aluminium stress
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5.11 CHLOROPHYLL CONTENT

Chlorophyll, a green pigment responsible for photosynthesis, plant tissue. In
this experiment, measuring chlorophyll content can help us to assess how the
presence of Paramylon nanoparticle affects the ability of blackgram plants to
photosynthesize and grow under aluminium stress. The highest chlorophyll content
was found in the 100uM (Al) stress + 100pug (NPN) concentrations and the lowest

chlorophyll content was observed under stress condition.

BLACKGRAM CHLOROPHYLL CONTENT(mg/g)
CONTROL 0.7 +0.416
Al STRESS 0.3+0.126
5ug PNP 0.35+0.018
25ug PNP 0.8 + 0.489
50pg PNP 0.9+0513
100pg PNP 1.8+0.182

Table 5.10 Effect of PNPpriming on chlorophyll content of

Blackgram under Aluminium stress

Chlorophyll Content

2.5

1.5

Control 100ug (Al) 5ug PNP 25ug PNP 50ug PNP 100ug PNP
Treatment(pg)

chlorophyll content (mg/g)

Fig 5.14 Effect of PNPpriming on chlorophyll content of
Blackgram under Aluminium stress
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CHAPTER-6

SUMMARY AND CONCLUSION

This study demonstrates the potential of Paramylon nanoparticles extracted from Euglena
gracilis in mitigating the adverse effect of aluminium stress on the germination Vingo mungo
seeds. Paramylon nanoparticle was subjected to FTIR and SEM analysis. So the primed
seeds contain high chlorophyll content at 100pg nanoparticle concentration. Through this
experimentation, we observed a significant improvement in germination rates and seedling
growth when primed with Paramylon nanoparticles compared to unprimed seeds under
aluminium stress condition. Also seed priming as an effective result in overcoming abiotic
stress conditions. The ROS result demonstrates that lowest ROS accumulation was found
in primed seeds under 5ug, 25ug, 50ugconcentration of Paramylon nanoparticle. DCFH-DA
dye used to analyze ROS accumulation and Morin dye is used to analyze Aluminium
accumulation. Also the primed seeds contain high chlorophyll content at 100ug nanoparticle
concentration. The higher level of Anti-oxidant enzymes such as CAT, SOD and APX are
higherin the seeds that are primed with PNP and compared to control and decreased activity
under 100pg PNP concentration. These findings suggest that Paramylon nanoparticles
could serve as a promising tool for enhancing crop resilience to environmental stressors,
such as aluminium stress. Therefore, from overall study, we can understand that the seed
priming of paramylon nanoparticle in blackgram seedling can effectively overcome the
applied Aluminium stress condition and positively result in the overall growth characteristics

of the blackgram (vigna mungo) seedlings.
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