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1. INTRODUCTION

For centuries medicinal plants have been serving humanity as a source of
traditional as well as herbal drugs. The medicinal plants are the “backbone” of
traditional medicine and drugs. Globally more than 3.3 or 4.0% billion people in the
less developed countries are dependent on medicinal plants on a regular basis to meet
their primary health care needs (Davidson-Hunt, 2000; WHO, 2003). The WHO
promotes plant medicine or traditional medicine in national health care programs
because they are considered to be much safer than the modern synthetic drugs and
having better compatibility with minor or no toxic effect and easily accessible at a price
within the reach of a common people (Dar et al., 2017). The use of traditional medicinal
plants is widespread in China, India, Japan, Pakistan, Sri Lanka and Thailand. China
alone contributes about 40% of the total traditional medicines consumption whereas,
in Japan more than mainstream pharmaceutical products, herbal medicinal preparations

are more in demand.

In India, the collection and processing of medicinal plants and plant products
contribute a major part to the national economy as well as both full and part-time
employment and in enhancing export earnings (Holley and Cherla, 1998). In
recognition of the significance of the sub-sector and the fact that it is largely
undocumented, the World Bank and the IDRC Medicinal plants Network (IMPN)
agreed to produce this state of the art report on the medicinal plants sector in India
(Mazid et al., 2012). There are about 17,000 species of higher plants, among which
around 8,000 species are considered medicinal and has hosted the development of an
ancient and traditional method of treatments namely Ayurveda, Siddha, Unani and the

modern system of medication, allopathy (Singh, 2015).

Rice crop occupies around 23 per cent, 35 per cent and 44 per cent of an area

under gross cropped, food grains and cereals respectively and grown in over a wide



geographical range and numerous cultural conditions (Umadevi et al., 2012). Rice has
immense nutritional and medicinal properties known from the earliest days. Certain
rice varieties with therapeutic properties are cultivated and being used in the treatment
of many ailments in several counties. Rice bran extract which is rich in vitamin-B is
used for prevent and cure beriberi in Philippines. Rice used for treating eye and acute
inflammation of the inner body and strengthening weak stomach, mature hulls are used
for treating dysentery and rice water is prescribed to counteract inflamed surface in the
countries Malaysia, Cambodia, china and India respectively (Kalaivani et al., 2016).

Kerala has enormous number of rice varieties which have medicinal and
therapeutic properties. Among all those varieties, only very few are still being
cultivated in limited parts of Kerala on small scale for their medicinal values e.g.
Njavara, Chennellu, Kunjinellu, Erumakkari and Karuthachembavu (Elsy et al., 1992;
Menon and Potty, 1999; Ashraf and Lokanadan, 2017). Out of these varieties
mentioned above, Njavara is a unique grain plant in the Oryza genus and has been
cultivated over 2500 years. The ancient Ayurvedic text Ashtanga Hridaya written by
Vagabattain 400-500 AD, mentioned medicinal use of Njavara especially in
Panchakarma treatment (Murthy, 2001). In Ashtanga Hridaya (Sootrsthanam Chapter
6 sloka 7-10 Annaswaroopavigyani) described there are two different types of Njavara
viz., yellow and black colored grain based on colour of the glume (Joseph et al., 2007).
Over the time studies on genetic diversity of njavara and commonly used rice varieties,
it is evident that Njavara is genetically different from other rice varieties (Elsy et al.,
1992; Deepa et al., 2009; Jose et al., 2010; Kumar et al., 2010). They are found
predominantly in Wayanad, Palakkad, Kuttanad, and northern Kerala respectively. The
farmers have maintained the genetic purity of Njavara and this was possible as this
variety has very short duration than other commonly cultivated rice varieties and also
has asynchronous flowering pattern and thus avoiding the cross pollination with other

varieties (Sreejayan et al., 2010).



Njavara has many medicinal properties to cure many diseases associated to
digestive, respiratory and circulatory systems. Old time medicinal practitioners used
njavara to cure various illness comprising rheumatism, arthritis, cerebral palsy,
muscular dystrophy, blood pressure and also for the relaxation and rejuvenation of
weak muscles in aged persons (Rani and Sukumari, 2016). For the treatment of
paralysis, arthritis and neurological problems there is specialized therapy in Ayurveda
called “Kizhi” in which njavara rice is cooked along with milk and used for massaging
the body (Deepa et al., 2008). This treatment increases the blood circulation and
relieves stiffness of the joints and arthritis pain via, heat generation and extensively
sweating. However there is no scientific data available for this treatment (Deepa et al.,
2008). The isolated flavonoid compound from njavara rice bran shows good
antioxidant activity and brings cure to skin inflammation and other related skin
infections (Bakiyalakshmi and Boominathan, 2014). Also antioxidant properties of

njavara rice also help to maintain the sugar level of diabetic patients.

In plants, abiotic stresses are the major exogenous factors responsible for the
production of various antioxidants and secondary metabolites in plants. There are many
types of abiotic factors viz., drought, high and low temperature, alkalinity, salinity and
ultraviolet light stress which are potentially activate of several secondary metabolite
pathways in plants. These abiotic factors are widely used as elicitors to increase the
production or to induce de novo synthesis of secondary metabolites under in vitro
systems and could increase the secondary metabolite production in cell, tissue and
organ cultures of plants (Dicosmo and Misawa, 1985; Sudha and Ravishankar, 2003).
Abiotic stresses found to enhance biosynthesis of almost all classes of secondary
metabolites (Selmar and Maik, 2013). But depending on physiological and
developmental stages of plants, the production of secondary metabolites varies greatly

and usually they are produced at very low concentrations (Rao and Ravishankar, 2002).



Hence the present project was proposed with the objective, to elicit information
on the physiological, biochemical and molecular attributes associated to secondary
metabolites accumulation due to abiotic stresses viz., shade, drought and UV-B stress

in medicinal rice njavara.
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2. REVIEW OF LITERATURE

Medicinal and aromatic plants have been used for thousands of years to flavour
and conserve food, to treat health disorders and to prevent diseases including
epidemics. The knowledge of medicinal qualities of certain plants has been transferred
over centuries among the people. Majority of the world’s population is dependent on
medicinal plants as the most important source of life-saving drugs. The safety, quality
and efficiency of therapeutic products from plants is an important concern both in
industrialized as well as developing countries (Singh, 2015). According to World
Health Organization, in developing countries more than 80 percent of the population
primarily depends on herbal medicines for basic healthcare needs. Approximately only
10% of medicinal species are used commercially, out of the 50,000 different medicinal
plant species collected from wild and the demand for herbal medicine is not only high

but also increasing over years (Srivastava, 2000; Pourmohammad, 2013).

Rice is the basic food for more than a billion people all over the world because
of its availability, nutritional value and medicinal properties. There are several different
medicinal varieties of rice being cultivated and used in various parts of the world and
none of them are being used for medicinal purposes as broadly as njavara (Oryza sativa
L., var. ‘Njavara’). Njavara is used in the treatment of various diseases related to
circulatory, respiratory and digestive ailments in traditional medicine (Reshmi and
Nandini, 2013). The detailed information about nutritional and medicinal qualities of
njavara rice can be seen in the ancient ayurvedic text “Ashtanga Hridaya”, circa 400-
500 AD (Murthy, 2001). Njavara is the only cultivar conventionally used in ayurvedic
system of medicine in some specific treatments such as Panchakarma in “Njavara

Kizhi” and “Njavara Theppu”.



The majority of human diseases in the current scenario is due to oxidative stress
which results due to disproportionation between occurrence and neutralization of
oxidants (Braca et al., 2002; Hazra et al., 2008). When the quantity of free radicals
increase in cells, it seeks stability by pairing with macromolecules such as proteins,
lipids and DNA which then results in cancer, atherosclerosis, cardiovascular diseases,
ageing and inflammatory diseases (Devi and Arumughan, 2007; Aswatha et al., 2008;
Lai et al., 2009). Antioxidants have the function of scavenging the free radicals and it
is very well documented that rice bran is a rich resource of natural antioxidants (Rao-
Akiri et al., 2010; Mohanlal et al., 2011). A particular group of flavonoid i.e. flavones
is the chemotherapeutic agent found at higher concentration in njavara rice. Also
studies with flavones isolated from njavara rice have shown anti-inflammatory effect

in carrageenan induced rat paw edema (Mohanlal et al., 2011).

The antioxidant property of njavara rice also helps to maintain the sugar level
of diabetic patients with an increase in vitamin-E and scavenging activity of
diphenylpicrylhydrazyl (DPPH), hydroxyl radicals, and superoxide anion in the blood
(Reshmi and Nandini, 2013). Recently, it was reported that njavara rice has got anti-
cancer properties too. Also an anti-cancer gene associated with ‘Bowman-Brisk trypsin
inhibitor protein’ has been identified in njavara rice (Shareesh, 2007). The anti-tumor
effect of njavara rice is attributed to the rare flavonolignans, tricin 4’-O-(erythro-4-
guaiacylglyceryl) ether and tricin 4’-O-(threo-f-guaiacylglyceryl) ether. Edaphic,
hydrological and atmospheric factors are reported to play an important role in the

quality and yield of njavara rice (Shalini et al., 2012).

In plants, the accumulation of antioxidants and various kinds of flavonoids are
largely influenced by various endogenous and exogenous factors also, though they are
controlled by genetic means. Abiotic stresses are the major exogenous factors
responsible for the production of various antioxidants and secondary metabolites in

plants. The consequences of abiotic stresses is the activation of several secondary



metabolite pathways in plants. Secondary metabolites accumulated in the plants help
them in protecting themselves against herbivores, pathogens as well as environmental
stresses (Ramakrishna and Ravishankar, 2011). Under normal environmental
conditions plants produce very low concentration of secondary metabolites, as the
plants do not need much defense strategies. Secondary metabolites are responsible for
odors, tastes and colour of plants (Bennett and Wallsgrove, 1994). Also depending on
physiological and developmental stages of plants, the production of secondary
metabolites varies greatly and usually they are produced at very low concentrations of

less than 1% dry weight only (Rao and Ravishankar, 2002).

There are many types of abiotic factors viz., drought, high and low temperature,
alkalinity, salinity and ultraviolet light stress which are potentially damaging to plants.
But these abiotic factors are widely used as elicitors to increase the production or to
induce de novo synthesis of secondary metabolites under in vitro systems (Dicosmo
and Misawa, 1985). Studies have shown that different kinds of elicitors could increase
the secondary metabolite production in cell, tissue and organ cultures of plants (Sudha
and Ravishankar, 2003; Karuppusamy, 2009). Abiotic stresses viz., temperature,
humidity, light intensity, water, CO2 and minerals are found to enhance the
accumulation of almost all classes of secondary metabolitessuch as simple and complex
phenols, flavonoids as well as different kinds of terpenes and alkaloids (Akula and
Gokare, 2011; Selmar and Maik, 2013).

In this chapter, an effort has been made to review the relevant literatureavailable

at national and international level on various aspects relevant to thepresent study.
2.1 EFFECT OF SHADE ON VARIOUS CHARACTERS

Light is the main source of energy for plant growth and development andnormal
plant growth requires optimum light. But extremely high or low light conditions would

lead tophoto inhibition and light deficiency respectively and damage the plant growth



severely. It is well known that light can have impact on growth, morphology, anatomy,
physiology, cellular biochemistry, flowering time and plant productivity of plants (Dai
et al., 2009; Favaretto et al., 2011; Deng et al., 2012). Light is one of the most
importantenvironmental factors among all other factors affecting plant existence,
reproduction and distribution (Keller et al., 2005; Kumar et al., 2011).

2.1.1 Effect of shade on Physiological characters
2.1.1.1 Effect of shade on plant height

Plant height is an important agronomic trait of crops that directly affect the
yield, crop architecture, apical dominance, biomass, resistance to lodging and
crowding. Poor agronomic traits such as smaller grains, excessive tillering, narrower
or rolled leaves and poor disease resistance are often correlated with the dwarf trait of
the crop and which in turn lead to insufficient growth and huge reduction in yield
potential. (Ueguchi-Tanaka et al., 2000; Tanabe et al., 2005; Arite et al., 2007; Li et
al., 2009).

Light intensity is one of the key environmental factors regulating the basic
characteristics of rice development. Under shaded conditions, the height of rice plants
increase whereas, other morphological traits as well as yield and yield attributes
decrease (Ren et al., 2002; Deng et al., 2009; Liu et al., 2009). However, the effect of
shade on plant height varies greatly among different species. Gibson et al. (2004)
carried out an experiment to determine the effect of reduced light on rice and late water
grass (Echinochloa phyllopogon) during 1999 and 2000. The treatments were 50%,
18% shade and 100% sunlight and among them 18% shade showed higher plant height
and the least was recorded at 100% sunlight during both the years

In a study by Sunilkumar and Geethakumari (2002) with three different shade
conditions viz., 0, 20 and 40% using four rice varieties (Swarnaprabha, A4-4-2, A4-1-

3 and Mattatriveni) it was found that at 20 % shade, highest plant height was observed,



followed by 40% shade and open condition. Also, Alridiwirsah et al. (2018) tested
eleven varieties of rice under shaded conditions and reported that the plant height
increased in all the varieties under 25% shade followed by 50% shade compared to the
open condition.

While studying inter cropping systems between corn and soybean, the plant
height along with stem mass ratio was reported to increase when soybean was grown
between two rows of corn than soybean crop grown alone in open field (Fan et al.,
2018). A medicinal plant sage (Salvia officinalis L.) also showed similar result of
increase in plant height when exposed to intense shaded condition of 50 and 70% (Reza
etal., 2017).

Though there is increase in plant height, the plants look more etiolated under
shaded condition (Taiz and Zeiger, 2002) and apical dominance is exhibited under
lower shade levels (Mendes et al., 2001; Moniruzzaman et al., 2009). Also increase in
the plant height with increase in shade levels mainly indicate a phototropic response
taking place to modify the distribution of leaves so as to help plants to get enough light
(Takemiya et al., 2005; Yang et al., 2007; Wang et al., 2009; Mapes and Xu, 2014).
Another reason attributed is that the low light stress, stimulate rapid cell division and
cellular expansion which in turn lead to an increase in plant height and leaf length
(Schoch, 1972).

On the contrary,a study conducted by Chauhan (2015) in wild type rice and
cultivated rice indicated that the plant height did not increase with shade (50% and 25%
of shade) and the reason attributed was that the threshold for the photomorphogenic

response was not exactly reached by the shade treatments given in that study.

2.1.1.2 Effect of shade on leaf area index, specific leaf area and number of tillers

Leaves play an important role in a biogeochemical cycle in the environment

and hence any changes in leaf characters lead to changes in plant growth and



development (Wright et al., 2004; He et al., 2006). Also it is well known that leaf
surface is important to carry out processes like absorption of photosynthetic light,
carbon dioxide (CO.) uptake and fixation, transpiration of water and emission of
organic volatile compounds (Patil et al., 2018).

Leaf area index (LAI) is the main physical and structural property of vegetation
and is defined as half of the total leaf per unit of the ground surface covered by the
plant (Chen and Cihlar, 1996). Also specific leaf area (SLA) is the best trait to know
the whole plant growth (Cornelissen et al., 2003; Cheng et al., 2016). SLA is described
as the distribution of leaf biomass production in relation to water loss and referred as
the water use efficiency at plant canopy level. Hence SLA has a crucial role in linking

carbon and water cycle in plants (Pierce et al., 1994; Gunn et al., 1999).

Irrespective of varieties, shading is reported to increase leaf area index (LAI)
and specific leaf area (SLA) in rice while delaying tillering and reducing the tiller
number (Tsai and Lai, 1990). In a field experiment conducted with two different wheat
cultivars; YM 158 and YM 11 (shade tolerant and shade sensitive respectively) at three
different shade levels (8, 15, 23% ) it was found that both the varieties exhibited higher
LAI and SLA at 23% shade followed by 15% and 8% (La et al., 2010). Similar results
were obtained in barley crop when exposed to light intensity of 90 umol m? s?
compared to natural sun light (Gunn et al., 1999). An experiment conducted in sage
(Salvia officinalis L.) a medicinal plant showed an increase in LAI and leaf dry weight
under shaded condition compared to full light grown plants. However, the leaf dry

weight was found to decrease with the increase in shade level (Reza et al., 2017).

Aumonde et al. (2013) conducted a study by subjecting red rice seedlings to
three different light intensities viz., 35%, 65% and 100% for 21 days under greenhouse
condition and reported that SLA, LAI and leaf area ratio were higher in seedlings
grown under shaded condition than those grown in open condition. Also in that study,

the number of tillers were reported to reduce with the decrease in light intensity. Fabre
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et al. (2016) reported an increase in SLA in two high yielding rice varieties viz., IR64

and IRRI 146 grown under 58% shade in greenhouse condition compared to control.

In an investigation carried out to study the effect of low light (50% light), red
light and normal light on winter rice, it was found that LAI was significantly higher
under low light than under red and normal lights especially during panicle initiation

stage as well as flowering stage (Barmudoi and Bharali, 2016).

Another effect of shade on rice plants is reduction in tiller numbers and the
possible reason is that some of the tiller buds might not grow into productive tillers due
to insufficient photoassimilates which is very important for plant growth (Ginting et
al., 2015; Sridevi and Chellamuthu, 2015). In an experiment conducted with four rice
varieties (Si Kembiri, Situ Patenggang, Situ Bagendit and Towuti) grown under two
different shade conditions (20% and 40%) it was found that the number of tillers

significantly decreased as the shade levels increased (Ginting et al., 2015).

Emmanuel and Mary (2014) investigated a Nigerian local rice variety under
different light intensities viz., 75, 50 and 25% along with 100% light as control. The
result indicated that the tiller numbers decreased as the light intensity decreased. Also,
Mubhidin et al. (2018) reported that productive tillers significantly reduced under
shaded conditions in upland red rice when subjected to similar treatments as indicated

in the above mentioned study.

Another study carried out with eleven superior rice varieties, when subjected
to two different shade levels (25%, 50%) indicated that at 50% shade level, least
number of tillers were produced compared to 25% shade level (Alridiwirsah et al.,
2018). Panda et al. (2019) also reported similar finding while studying the effect of low
light on seven different genotypes of rice.

In order to capture sufficient light and to have better utilization of available

light for the production of photoassimilates via, photosynthesis, plants change their leaf
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morphology by way of increasing both leaf area and leaf biomass, under low light
conditions (Cohen et al., 1997; Evans and Poorter, 2001; Lima et al., 2008).

2.1.1.3 Effect of shade on Leaf gas exchange parameters

Leaf gas exchange parameters like photosynthesis, stomatal conductance and
transpiration are the basis of plant growth and development and they are highly
sensitive to any changes in the environment. Even slight variation in light intensity
during the day can cause changes in leaf gas parameters in plants (Yamori et al., 2016).
There are many reports indicating that the photosynthetic rate, transpiration rate and
stomatal conductance decrease under low light condition in different crops like soybean
(Yang et al., 2014; Feng et al., 2019), rice (Panda et al., 2019), wheat (Acreche et al.,
2009) mustard (Zhu et al., 2017), sorghum (Li et al., 2014) medicinal plant
Anoectochilus roxburghii (Shao et al., 2014) and sage (Salvia officinalis L.) (Rezai et
al., 2017).

Panda et al. (2019) investigated seven rice genotypes (Nirajo, Purnendu,
Malliksalli, Megharicel, ASD-14, Swarnaprabha and IR-8) grown under low light
(25%) and normal light conditions and reported that the photosynthetic rate, stomatal
conductance and transpiration rate were all found to decrease in low light treatment by
an average of about 20% to 30% in all genotypes. Similar results were also reported in
two wheat cultivars subjected to 22% and 33% of the incident natural light (Mu et al.,
2010).

Three rice varieties (IR20, CO43 and Swarnaprabha) were grown under 50
percent shade and the results indicated that the photosynthetic rate and photosynthetic
efficiency were lesser under shaded condition compared to control in all three varieties
(Viji et al., 1997). Also Delouche et al. (2007) reported that at 50 percent shade, the
rate of photosynthesis was found to decrease both in cultivated rice and weedy rice by

46% and 38% respectively.
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In an investigation carried out in two cultivars of wheat under three shaded
conditions (8%, 15% and 23%), it was found that the rate of photosynthesis decreased
with shade (Li et al., 2010). Ren et al. (2016) also reported similar results in maize
when the crop was grown under 40% shade. Photosynthetic rate, stomatal conductance
and transpiration rate were found to significantly reduce under low light intensity in

mustard plants after 15 days of shade treatment (Zhu et al., 2017).

A study with seedlings of sage, a medicinal plant when exposed to 25, 50 and
75 percent of shade conditions and the leaf gas exchange parameters recorded at 60"
and 75" day after planting revealed that the photosynthesis rate, stomatal conductance
and transpiration rate decreased as light intensity decreased (Zervoudakis et al., 2012).
Also in another similar study conducted by Reza et al. (2017) in sage, it was found that
there was decrease in leaf gas exchange parameters along with water use efficiency

under shade.

Photosynthesis is a very sensitive and complex physiological process. However
the reason behind decrease in the rate of photosynthesis under low light condition is
thought to be due to increase in stomatal closure and decrease in stomata per millimeter
and which in turn lead to reduction in stomatal conductance and transpiration rate (Sato
and Kim, 1980; Farquhar and Sharkey, 1982; Liu et al., 2014). Shi et al. (2006)
reported that under shade, the activity of ribulose bisphosphate carboxylase (Rubisco)
which is an important enzyme to carry out the process of photosynthesis decrease
significantly. Also, Jiao and Li (2001) demonstrated that low light condition changes

the rate of electron transfer, quantum yield of PS Il and non-photochemical quenching.
2.1.2 Effect of shade on biochemical characters
2.1.2.1 Effect of shade on total flavonoid and total phenol content

Flavonoids and phenols are the naturally occurring, most common and widely

distributed polyphenolic compounds in plants (Carlo et al., 1999). Phenolic compounds
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have a three-ringed structure and are derived from aromatic amino acid, phenyalanine
and tyrosine (Routray and Orsat, 2012) which give them upper hand in ion-metal
chelation (Zielinski et al., 2001; Khokhar and Owusu-Apenten, 2003; Babatundeand
Oseni, 2016). Phenolic compounds are secondary metabolites and act as antioxidants.
They can maintain cell redox status and also regulate cell signaling pathways via, gene

regulation under stressed conditions (Maggi-Capeyron et al., 2001; Yun et al., 2008).

It is well documented that flavonoids have anti-inflammatory, antiallergic,
antibacterial, anti-fungal and cancer protective properties. Also they are reported to
give protection against cardiovascular diseases (Knekt et al., 1996; Mohammed et al.,
2013). On the other hand, phenols in plants inhibit oxidative damage to
macromolecules in the cells such as DNA, protein and lipids in the membrane and
regulates oxidative status of the cell via, suppressing hydrogen donor and singlet
oxygen and acting as reducing agent (Krishnaswamy and Raghuramulu, 1998; Nagah
and Seal, 2005; Yun et al., 2008).

Phenolic compounds in plants are mainly synthesized in response to adverse
environmental conditions viz., insect and pathogen attack, ultra violet-B (UV-B)
radiation, wounding etc. (Chung et al., 2003; Diaz-Napal et al., 2010; Kennedy and
Wightman, 2011). Specifically, flavonoids have got the role of protecting leaf tissues
from potentially harmful lights such as ultra violet-B (UV-B) radiation and higher level
of irradiation. However, photosynthetically active radiation (PAR) also has the
capacity to change the concentration of flavonoids either directly or indirectly
(Bergquist et al., 2007). Cen and Bornman (1990) reported that higher levels of PAR
may support UV-B-induced flavonoid synthesis to a greater extent than lower levels of
PAR.

In a study with seven rice varieties grown under 75 percent shade, the
accumulation of flavonoids was found significantly lower in four varieties (namely

NH686, KMR3, 399 and Swarna) compared to control and at the same time three
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varieties (Swarnaprabha, Nagina 22 and 192S) showed less variation between shade

treated and control plants (Panigrahy et al., 2019).

In another study with Labisia pumila (a herbal plant) locally known as Kacip
Fatimah, native to Malaysia when subjected to two levels of light intensities (70% and
30%), the result showed that the levels of flavonoid and phenol content were higher
under 70 percent light than 30 percent light (Karimi et al., 2013). Similar results were
reported in baby spinach also (Bergquist et al., 2007).

In phenolic compound biosynthetic pathway, phenylalanine ammonialyase
(PAL) is an important enzyme. But under shaded condition the activity of PAL enzyme
decreases, because the activity of PAL enzyme gets induced by high light intensity
conditions (Kumari et al., 2009). Warren et al. (2003) demonstrated that the phenolic
compound concentration in plants under higher light intensity increases due to more

accumulation of primary photosynthates under that condition.
2.1.2.2 Effect of shade on chlorophyll content

Chlorophyll is an important pigment involved in capturing and transmission of
solar light. Usually biosynthesis and degradation of chlorophyll take place in the
presence of light. However, under high intensity of light, chlorophyll gets degraded
drastically (Gongalves et al., 2005). On the contrary, under shade or low light situation
plants go through compensatory mechanism such as an increase in photosynthetic
pigments (Lichtenthaler et al., 1981; Baig et al., 2005; Rezai et al., 2018).

However leaf chlorophyll content of rice grown under shaded condition is
found to vary greatly among cultivars. Zhu et al. (2008) demonstrated that the rice
varieties tolerant to low light intensity exhibited higher total chlorophyll content and
chlorophyll ‘b’ content and at the same time lowest chlorophyll a/b ratio than the
varieties susceptible to shade. In another similar study, rice crop exhibited high leaf

chlorophyll content under low light condition at grain filling stage (Liu et al., 2009)
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Three rice varieties IR 20 (shade susceptible), CO 43 and Swarnaprabha (shade
tolerant) were subjected to 50 percent shade and it was revealed that all the three
varieties recorded highest level of chlorophyll contentand lowest chlorophyll a/b ratio
under shaded condition whereas, the low light susceptible variety recorded lowest
chlorophyll content than the tolerant varieties under shaded condition (Viji et al.,
1997). Restrepo and Garcés (2013) reported that chlorophyll content in two rice
cultivars increased at panicle initiation and flowering stage of the crop under 50%
shade when compared with no shade condition.

Mubhidin et al. (2018) conducted a study using four different upland rice
varieties with four shade treatments (less than 25% shade, 50% shade, 75% shade and
more than 75% shade) and reported that the chlorophyll content was higher in plants
subjected to 75% and 50% shade. But at lesser than 25% shade, the chlorophyll content
of the plants was found relatively higher compared to other shade levels. Alridiwirsah
et al. (2018) also observed similar results when eleven rice cultivars were subjected to

25% and 50% shade condition as compared to those grown in normal light.

In an investigation with seven genotypes of rice (Nirajo, Purnendu, Malliksalli,
Megha ricel, ASD-14, Swarnaprabha and IR-8) grown under low light (25%) and
normal light condition the shaded treatment recorded significantly higher content of

total chlorophyll than normal light condition (Panda et al., 2019).

Under low light conditions, plants have the ability to adapt and develop
strategies such as increasing the chlorophyll content by three-four folds with large and
thin leaves (Taiz and zeiger, 2002). This responses of plants allow them to capture
sufficient light required for photosynthesis by maintaining enough number of
photosynthetic antennae in the leaves (Czeczuga, 1987). Accumulation of more
chlorophyll pigment in leaves increase the efficiency of light absorption of leaves and
which finally lead to accomplishing carbon balance in plants under low light stress (Dai
et al., 2009).
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2.1.2.3 Effect of shade on proline content

Under stress, plants synthesize many different classes of metabolites which are
non-toxic organic compounds with low molecular weight and highly soluble and
among them the most important one is the amino acids. Previously there were many
studies reporting positive correlation between plant stresses and accumulation of
proline. Proline is an amino acid and plays beneficial role in various stresses in plants.
Proline is not only an excellent osmolyte but also acts as an antioxidant, metal chelator,
a signaling molecule and stabilizes sub-cellular structures (Ashraf and Foolad, 2007;
Hayat et al., 2012).

Mo et al. (2015) conducted a study on two aromatic rice varieties exposing
them (at grain filling stage) to 67 percent reduced light and found that the proline
content increased significantly under shade compared to open condition. In another
experiment with hybrid summer cucumber grown under four black shading nets
(providing 25%, 50%, 65% and 75% shade) proline content was found to show an
increasing trend as the shade levels decreased. In that study the highest proline content
was recorded in 25 percent shade and the lowest proline content in 75 percent shade
(Semida et al., 2017).

In a study with one-year-old grape plants grown under four different shade
levels (25%, 45%, 65% and 80% shade) it was found that the proline content increased
with the increasing percentage of shade (Qiu et al., 2018). Alagupalamuthirsolai et al.
(2018) reported that small cardamom plants accumulated highest proline content under
50% shaded condition followed by 75% shade and the least value was recorded in open

natural light condition.

2.2 EFFECT OF DROUGHT ON VARIOUS CHARACTERS

Plants face many biotic and abiotic stresses throughout their life cycle due to

changes in surrounding environmental conditions. Drought or water deficit condition
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is the major stress which adversely affect crop productivity and yield (Lambers et al.,
2008; Farahani et al., 2009). Under such conditions plants show certain changes in their
morphology as well as physiology which lead to reduction in plant growth and
development (Rahdari and Hoseini, 2012). Also drought stress leads to harmful effects
on plant growth characters viz., germination rate, root-shoot length, number of tillers,
fresh and dry weight, total biomass, floral initiation, panicle development, pollination,
fertilization, seed development, seed yield and seed quality (Jaleel et al., 2007; Bolat
et al., 2014). There are several reports indicating variation in plant height, leaf count,
leaf diameter, reduction in tiller number and reduction in stem length in plants exposed
to water deficit conditions (Sankar et al., 2008; Khan and Kabir, 2014).

At physiological level, water stress leads to very poor photosynthetic rate,
reduction in assimilate partitioning, reduction in stomatal conductance, decline in
activity of Rubisco enzyme and increase in rate of respiration (Bota et al., 2004;
Shahzad et al., 2016). Dehydration condition also is responsible for decrease in cell
volume and subsequent cell shrinkage and viscous cellular contents. This viscous state
of cytoplasm may develop toxicity which is harmful to enzymes to function normally
including photosynthetic machinery (Hoekstra et al., 2001).

Reactive oxygen species such as superoxide anion radicals (O72), hydroxyl
radicals (OH), hydrogen peroxide (H202), singlet oxygen (*O) and alkoxy radicals
(RO) are predominantly produced in plants under water deficit condition (Munne-
Bosch and Penuelas, 2003). Reactive oxygen species cause damage to the normal
functioning of cells by reacting with proteins, lipids and DNA in the cells (Foyer and
Fletcher, 2001). Under drought condition, secondary metabolites also get affected.
Torras-Claveria et al. (2012) reported twenty different phenolic compounds getting
upregulated in tobacco plants under water deficit condition. Ma et al. (2014) also
reported an increase in total phenols, total flavonoids, anthocyanins, and schaftosides
in wheat leaves in response to drought. Phenolic compounds are also reported to play
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an important role in the drought tolerance mechanism in many plants. However, this

response is reported to vary between plant species (Akula and Ravishankar, 2011).
2.2.1 Effect of drought on Physiological characters
2.2.1.1 Effect of drought on plant height

Water is the very important factor for plants and required for plant life processes
like seed germination, cell division and cell elongation. Unavailability of water, alters
plant growth viz., change in plant architecture, plant height, leaf size and leaf number
and also bring changes in reproductive phase of plants (Ajum et al., 2011).

It was reported that a reduction in plant height of high yielding rice varieties
(Nada, MT58 and MTA) was noticed when they were subjected to different irrigation
intervals viz., 1 day interval and 2 days interval (Ahmadikhah and Marufinia, 2016).
Similarly a reduction in plant height was reported in cotton crop also when drought
stress was given at different stages of the crop (Ahmad et al., 2013).

In another study with five different rice genotypes (Swarna Subl, Nagina 22,
NDR102, NDR 97 and SuskSamrat) when subjected to drought stress at vegetative
and flowering stage a reduction in plant height (49.31%, 17.56%, 28.55%, and 19.99%)
was observed in all the different genotypes respectively (Singh et al., 2018). Alghabari
and lhsan (2018) conducted a pot culture experiment to investigate the effect of water
stress on barley plants, where the plants were grown at 100, 50 and 30% field capacities
and reported that there was 30-50% reduction in plant height at 30% field capacity
followed by 50% field capacity (40-50% reduction) compared to the control (100%
field capacity).

In another field experiment under drought with five different rice genotypes
viz., drought susceptible (IR64), tolerant (Aeronl), moderately tolerant (MR219) and
two mutant rice genotypes (MR219-4 and MR219-9), maximum reduction in plant

height was reported in drought susceptible genotype followed by the mutant genotypes
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and the drought tolerant genotype (Kamarudin et al., 2018). Also greater reduction in
plant height of rice plants was reported when drought was imposed at different
phenological stages of rice plants, especially when the rice plants were imposed to
drought right from vegetative stage onwards the reduction in plant height was much

higher compared to control (Parfitt et al., 2017).

Many other important crops such as soybean (Specht et al., 2001), maize
(Kamara et al., 2003), okra (Bhatt and Rao, 2005), legumes (Fening et al., 2009) and
wheat (Zhang et al., 2018) also showed reduction in plant height under drought.
Reduction in plant height under drought lead to limited availability of water for normal
cell metabolic processes. This limitation of water impair the process of mitosis and
more senescence take place and there is reduction in cell turgor which lead to inhibition
of cell division, cell elongation and expansion and thus the plant height gets reduced
(Nonami, 1998; Bhatt and Rao, 2005, Kaya et al., 2006; Hussain et al., 2008; Henry et
al., 2016).

2.2.1.2 Effect of drought on leaf area index, specific leaf area and number of tillers

The study of leaf morphology such as leaf expansion, leaf elongation and leaf
emergence are thought to be useful traits that are found directly associated with vigor
and photosynthetic efficiency of plants. Leaves reflect the effect of drought more
clearly than any other organs in the plants. Reduction in the number, size and area of
the leaves are the initial signs of water shortage seen in plants and the conditions
required for leaf expansion and leaf elongation viz., leaf turgor, accumulation of
assimilates, emergence rates and leaf temperature get modified under water deficit
condition (Reddy et al., 2003; Anjum et al., 2016). Increased rate of leaf senescence
along with decrease in the production of new leaves have been reported in long term

severe water deficit conditions (DeSouza et al., 1997).
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Leaf characters like leaf area index (LAI) and specific leaf area (SLA) are the
basic physiological tools to show growth and development of plants and are found to
decrease under drought. For example, sunflower plants recorded decrease in leaf area
index at maturity and flowering stage of the plants under water stress (Hussain et al.,
2008). Similarly, Ennajeh et al. (2010) observed significant reduction in leaf area and

specific leaf area in two olive varieties when subjected to drought stress.

Dalirie et al. (2010) observed changing patterns of LAI in wheat genotypes by
terminal drought stress. In that experiment, LAl recorded was maximum at around 240-
245 days after planting and then the value decreased gradually till harvest due to
terminal drought stress. SLA and LAI also were significantly affected under 75% and
40% field capacities compared to 100% field capacity in one year old seedling of
Eucalyptus (Eucalyptus camaldulensis Dehnh) grown in lysimeters in an experiment
carried out for over two years (Rad et al., 2011). In another experiment conducted by
Mathobo et al. (2017) in dry beans (Phaseolus vulgaris L.) it was shown that there was
a significant reduction in leaf area index with increase in water stress. In an
investigation to understand the effect of drought on two pinto bean cultivars, leaf area
index was found to decrease by 55.96 and 30.57 percent when drought was imposed at
two weeks after emergence and two weeks after flowering stage respectively (Sorkhi
and Fateh, 2019).

Drought has very high adverse effect on growth and development which leads
to reduction in yield of crops. Rice is a crop which is very susceptible to drought
condition (Tao et al., 2006; Yang et al., 2008) and cause decrease in rice yield by
affecting yield related parameters viz., number of tillers, number of spikelets per
panicle, spikelet sterility, filled grains percentage and thousand grain weight
(Kamoshita et al., 2004; Bouman et al., 2005; Botwright-Acuna et al., 2008;

Moonmoon and Islam, 2017). Also, Singh et al. (2018) reported that when water stress
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was given to five different rice varieties there was significant decrease in leaf area as

well as tiller numbers compared to control.

Kamarudin et al. (2018) observed reduction in tiller number and leaf area of
flag leaf in five different rice genotypes when subjected to drought (-30 kPa soil water
tension) after 25 days of transplanting. Also another drought study, with 40% filed
capacity imposed at different critical stages of six different genotypes of rice has shown
significant reduction in effective tiller numbers compared to control plants (Moonmoon
and Islam, 2017).

Water stress interrupt cell development by reducing cell division and further
reducing mature cell size. This in turn cause reduction in number of cells per leaf in
young leaves and result in reduction in leaf area as well as tiller numbers (Henry et al.,
2016). Moreover under drought, decrease in mortality of apical portion of leaf and

increased leaf rolling cause significant reduction in leaf area (Anjum et al., 2017).
2.2.1.3 Effect of drought on Leaf gas exchange parameters

The leaf gas exchange parameters show the very first response towards drought
stress viz., closing the leaf stomata, which affect diffusion of CO. to the leaves (Muller
and Whitsitt 1996). The stomatal closure caused by water stress limit the uptake of CO;
by leaves, and the restricted CO> availability further lead to increased susceptibility to
photo-damage and inhibit photosynthesis (Cornic and Massacci, 1996). However, the
major effect is the decrease in rate of photosynthesis due to impaired photosynthetic
machinery, reduction in food production, diminished activities of Calvin cycle
enzymes, reduction in leaf expansion and premature leaf senescence (Fu and Huang,
2001; Monakhova and Chernyadév, 2002; Wahid and Rasul, 2005).

Gu et al. (2012) evaluated thirteen rice genotypes under water stress given at
flowering and at grain filling stages of the crop and reported that the leaf gas exchange

parameters i.e. photosynthetic rate, stomatal conductance and rate of transpiration
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decreased significantly under water stress condition compared to the control. Similarly
in another study also the photosynthetic rate, stomatal conductance and rate of
transpiration were reported to be severely affected in drought condition in seven rice
cultivars namely Apo, IR55419-04, IR64, IR71525-19-1-1, Moroberekan, PSBRc80
and Vandana (Lauteri et al., 2014).

In a study with five genotypes of rice namely, Improved White Ponni (IWP),
IWP-4-2, IWP-1-52, IWP-1-57 and Apo (moderately tolerant to drought stress) when
subjected to drought at reproductive stage by withholding irrigation for 25 days before
heading, it was found that all five genotypes recorded lesser values for leaf gas
exchange parameters under water stress condition. However, the moderately tolerant
cultivar (Apo) was found to perform well under drought (Dhivyapriya et al., 2016). In
another study, Kumar et al. (2020) also reported significant reduction in leaf gas
exchange parameters and reduced water use efficiency at different growth stages of
seven rice genotypes (IR 84899-B-179-16-1-1-1, IR 88964-24-2-1-4, IR 83387-B-B-
27-4, IR84899-B-183-CRA-19-1, IR84894-143-CRA-17-1, Sahbhagi Dhan and IR64)

under drought condition.

Hura et al. (2007) examined four crops (filed bean, spring triticale, maize
hybrid and amaranthus) categorized as Cz and Cs4 plants grown in two different field
capacities (70% and 30%) and reported that the leaf gas exchange parameters recorded
highest value in maize followed by amaranthus, spring triticale and the least in field
bean grown in 30% field capacity as compared to those grown under 70% field
capacity. Similarly significant reduction in photosynthetic rate, stomatal conductance
and transpiration rate were observed in dry bean (Phaseolus vulgaris L. cultivar DBS
360) under moisture stress compared to the control (fully irrigated) by Mathobo et al.
(2017).

Stomatal limitation and non-stomatal limitation are the two main limiting

factors which cause decrease in leaf gas exchange parameters like photosynthetic rate,

23



stomatal conductance and transpiration rate in plants under drought (Farooq et al.,
2009). Under drought situation excessive production of abscisic acid take place in the
mesophyll cells and they get stored in mesophyll chloroplasts. The increased abscisic
acid, then translocate to guard cells and promote the closure of stomata (Matysik et al.,
2002; Fathi and Tari, 2016). Closing of stomata decrease the rate of intake of CO2 by
leaves and due to which more free electrons are produced. These electrons in turn will
be involved in production of harmful reactive oxygen species (Farooq et al., 2009).
The decrease in transpiration rate is mainly due to stomatal closure and increase in the
dissipated heat (Yokota et al., 2002).

Also the decrease in leaf gas exchange parameters during water deficit
condition is mainly due to non-stomatal mechanisms like decreased activity of
important photosynthetic enzymes ribulose-1,5-bisphosphate carboxylase/oxygenase
(Rubisco), phosphoenol pyruvate carboxylase (PEPCase) and NADP-malic enzyme
(NADP-ME) (Hoekstra et al., 2001; Reddy et al., 2004; Zhou et al., 2007). Moreover,
reduced water content in the tissues down regulates non-cyclic electron transport and
thus reduces the ATP production (Farooq et al., 2009). It is also well documented that
there is increased activity of Rubisco binding inhibitors under reduced water content
in the leaves (Bota et al., 2004).

2.2.2 Effect of drought on biochemical characters
2.2.2.1 Effect of drought on total flavonoid and total phenol content

Flavonoids and phenol are the most distributed compounds among the groups
of plants exhibiting antioxidant properties and they play role in defensive mechanism
to cope with abiotic stresses (Romani et al., 2002; Blokhina et al., 2003; Cheynier et
al., 2013; Quan et al., 2016). Also the phenolic compounds play important role in

different physiological processes which are related to plant growth and development
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like seed germination, cell division and synthesis of photosynthetic pigments (Tanase
et al., 2009).

Sarker and Oba (2018) reported increased rate of phenol and flavonoids
accumulation during water stress, in Amaranthus (Accession VA3) genotype in a pot
culture experiment with four different field capacities viz., 100%, 90%, 60% and 30%.
Habibi (2018) also reported, highest level of total phenol and flavonoids under mild
drought (40% field capacity) followed by severe drought (20% field capacity)
compared to control (80% field capacity) in Aloe vera leaves.

In another study with four tomato cultivars, total phenols, flavonoid and
lycopene content of fruits were found to significantly increase under drought condition
compared to well watered condition (Klunklin and Savage, 2017). Quan et al. (2016)
studied the responses of 20 different rice cultivars to drought and reported that there
was positive correlation between flavonoid and phenol content with increase in water
deficit condition. In a laboratory experimental condition with rice plants, it was found
that the phenol content increased with increase in stress levels given by polyethylene
glycol (PEG) at different concentration 5%, 10%, 15% and 20% (Shehab et al., 2010).

Drought stress enhances the accumulation of phenols and flavonoids in the
plants by regulating their biosynthetic pathways (Li et al., 2018; Rezayian et al., 2018;
Gharibi et al., 2019) and protect them from the harmful effects of drought stress
(Nichols et al., 2015). A study conducted in Arabidopsis plants at transcriptomic and
metabolomics level, revealed that increased flavonoid content under water deficit
condition was very much helpful to provide resistance to plants under stressed
conditions (Nakabayashi et al., 2014). Flavonoids formed in cytoplasm during drought
stress, detoxify the harmful effects of H,O> molecules generated due to stress and it is
also proposed that in presence of ascorbate, oxidized flavonoid recycle in flavonoids
which is primary metabolite in the reaction detoxifying H20- (YYamasaki et al., 1997,
Hernandez et al., 2009).
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2.2.2.2 Effect of drought on chlorophyll content

Drought affect the plants in many ways by making changes in metabolic
functions and one of those is the reduction or loss of photosynthetic pigment synthesis.
Photosynthetic pigments are important for the process of photosynthesis and the
changes such as reduction or loss of photosynthetic pigments lead to reduction in both
light harvesting and generation of reducing powers and ultimately impair
photosynthetic process. Any change in chlorophyll content is closely associated to
plant biomass and yield (Jaleel et al., 2009). Decrease in chlorophyll content during
drought is dependent on the level or severity of drought. Pandey and Shukla, (2015)
reported that drought stress lead to reduction in chlorophyll content along with the

reduction in maximum quantum yield of PSII (F./Fm) in rice plants.

Pirdashti et al. (2009) subjected four rice cultivars (Tarom, Khazar, Fajr and
Nemat) to interrupted irrigation to induce drought at vegetative stage, flowering stage
and grain filling stage. The results indicated that there was maximum reduction in
chlorophyll content when irrigation was interrupted at grain filling stage followed by
interruption of irrigation at flowering and vegetative stages compared to the well

irrigated condition.

In a study with four rice different cultivars (KDML105, PT1, NSG19 and IR20)
grown under four different regimes of soil water content viz., fully irrigated condition
(control), mild water-deficit (7 days withholding irrigation), severe water-deficit (14
days withholding irrigation) and re-watering 3 days prior to grain harvesting, it was
found that there was lowest chlorophyll content in severe water-deficit treatment
followed by mild water-deficit treatment and re-watering treatment, whereas the
control recorded highest chlorophyll content (Cha-um et al., 2010).

In another study with five different rainfed rice varieties namely NERICA 1, 2,
3, 4 and 5 when subjected to three levels of water stress viz., well watered throughout

26



the life cycle, water deficit at vegetative stage and water deficit at reproductive stage,
it was found that the chlorophyll content was lesser in the treatment where the plants
were subjected to water deficit condition at vegetative stage compared to the other two
conditions (Sikuku et al., 2012). Khayatnezhad and Gholamin (2012) also obtained
similar results in ten maize cultivars when subjected to water deficit condition
compared to fully watered condition. Similarly in crops such as wheat and sunflower
also a decrease in chlorophyll content was reported under drought stress (Mannivannan
et al., 2007; Nikolaeva et al., 2010).

The primary reasons in the reduction of chlorophyll content in plants during
drought stress are the impaired chlorophyll biosynthetic pathway, chlorophyll
degradation, loss of chloroplast membrane and increase in lipid peroxidation (Fu and
Huang, 2001; Maisura et al., 2014; Pandey and Shukla, 2015).

2.2.2.3 Effect of drought on proline content

In plants, many different types of compatible solutes such as proline, sucrose,
polyols, trehalose, glycine betaine and proline betaine accumulate in large quantities in
response of different stresses (Ashraf and Harris, 2004). Accumulation of proline is a
common phenomenon in response to almost all environmental stresses such as drought,
salinity, heavy metal, low temperature etc. in plants (Rhodes et al., 2002; Munns, 2005;
Sharma and Dietz, 2006). Intercellular concentration of proline has been found to
increase under different stress conditions by more than 100-fold in plants (Verbruggen
and Hermans, 2008; Liang et al., 2013).

In a laboratory investigation with eight pigmented rice varieties, subjected to
drought stress (imposed by 100 mM mannitol for four days) it was found that the
accumulation of proline was more than 1.5 fold in mannitol-induced water stress
condition compared to control (Chutipaijit et al., 2012). Similarly, Lum et al. (2014)
conducted another lab experiment with eight upland rice cultivars by using four
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concentrations of PEG (-2, -4, -6 and -8 bars) along with 0 bar as control. The results
indicated that in all the cultivars, proline content in leaves increased gradually with
increase in drought stress compared to control. Another field study with five rice
genotypes exposed to drought stress (-30 kPa soil water tension) indicated that under

drought condition proline concentration increased in leaves (Kamarudin et al., 2018).

It is well documented and reviewed that in plants, proline acts as an osmolyte
for osmotic adjustment under different stress conditions (Hayat et al., 2012; Liang et
al., 2013; Chun et al., 2018). Apart from acting as an osmolyte, proline also plays
important role in stabilizing cellular structures such as membranes and proteins,
scavenging free radicles and maintaining redox potential under stressed conditions
(Ashraf and Foolad, 2007). Also proline act as a compatible hydrotrope, eliminating
cytoplasmic acidosis and maintaining suitable NADP*/NADPH ratio for proper
metabolism under stressed conditions (Hare and Cress, 1997; Strizhov et al., 1997).
Normally accumulation of proline is found in cytoplasm where, it acts as molecular
chaperons for maintaining functional structure of proteins and maintain pH and redox
status of cell (Hayat et al., 2012).

2.3 EFFECT OF ULTRAVIOLET-B (UV-B) RADIATION ON VARIOUS
CHARACTERS

The solar radiation is mainly divided into two major spectrums viz.,
photosynthetically active radiation (PAR) (400-700 nm) and ultraviolet radiation (UV)
(100-400 nm). Ultraviolet (UV) radiation constitute only 10% of the total solar
radiation and the UV radiation reaching the earth surface depends on energy output of
sun and transmission properties of ozone layer of atmosphere. Depending on the
wavelength, UV radiation is further divided into four different groups of radiation such
as, vacuum ultraviolet (100-200 nm), UV-C (200 to 280 nm), UV-B (280 to 320 nm)
and UV-A (320 to 400 nm).
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PAR and UV-A are not affected by atmosphere and they reach the carth’s
surface and they do not have any harmful biological effect on living organisms. UV-C
and vacuum-UV are the most biologically damaging radiations but totally absorbed by
ozone and other atmosphere components before penetrating the earth’s surface and
hence there is no significant effect on biological processes under natural conditions.
But UV-B radiation is selectively absorbed by ozone layer (Green et al., 1974; Vass et
al., 2005; Bhattacharya et al., 2012). A decrease in ozone layer lead to an increase in
incoming ultraviolet-B (UV-B) radiation significantly and could cause changes in the
spectral UV composition reaching the surface of earth (UNEP, 2010; WMO, 2014).
UV-B constitute only 0.5% of the total solar radiation but it has a very high potential
to cause high biological damages due to its high energy potential (Zlatev et al., 2012;
Blaustein and Searle, 2013; Li et al., 2013).

Overexposure to the UV-B radiation lead to reduction in productivity and
quality of plants. According to United Nations Environment Programme (UNEP)
report based on a wide range of filed experiments, it is evident that a decline in
productivity up to 6% takes place in terrestrial areas (UNEP, 2010). Exposure to UV-
B radiation leads to changes in morphological characters such as decrease in plant
height, internode length, fresh biomass of leaves, shoot and roots, leaf area, plant dry
weight, increased auxiliary branching as well as leaf curling (Furness et al., 1999; Zuk-
Golaszewska et al., 2003; Krizek et al., 2006; Bandurska et al., 2012). UV-B radiation
can affect important physiological processes like photosynthesis viz., impairing the
thylakoid membranes, enzymatic processes in the Calvin cycle and destruction of
amino acid residues (Reddy et al., 2003; Zhao et al., 2004). UV-B radiation also affects
the aperture of stomatal pore, number of stomata per leaves, stomatal movements and
rate of stomatal opening which lead to changes in gas exchange properties in plants
(Hetherington and Woodward, 2003; Tossi et al., 2014). Also production of reactive
oxygen species (ROS) and associated oxidative damage under high UV-B doses have
been reported in plants (Hideg et al., 2002). Recently many studies have revealed that

29



UV-B radiation is an important regulator of secondary metabolites. It is also
documented that low concentration of UV-B radiation activate biosynthesis pathways
of secondary metabolites such as phenolic compounds, carotenoids and glucosinolates
(Schreiner et al., 2014).

2.3.1 Effect of UV-B radiation on Physiological characters
2.3.1.1 Effect of UV-B radiation on plant height

It is well known that plant height is an important agronomic trait of crops that
directly affects crop architecture, apical dominance, biomass, resistance to lodging and
crowding and ultimately the yield. There are many reports in rice suggesting that
elevated UV-B radiation has negative influence on plant height, productive tillers per
unit ground area, spikelet sterility and grain weight (Teramura et al., 1991, Hakala et
al., 2002, Hidema et al., 2005).

It is reported that the plant height reduced in two rice cultivars ‘Cocodrie and
Clearfield 161’ exposed to elevated UV-B radiation supplied by UV-B emitting
fluorescent tubes from 8:00 am to 4:00 pm for 4 weeks (Mohammed et al., 2007).
Similarly in cotton also plant height was found to significantly reduce by 47% under
high UV-B radiation than control plants (Kakani et al., 2003).

In another study under greenhouse condition with rice variety ‘Jyothi’, exposed
to UV-B radiation (with fluorescent tubes daily 4 hrs. from10 am to 2 pm), it was found
that the plant height significantly reduced in UV-B radiation treated plants at tillering
and flowering stage, compared to plants grown in the condition without UV-B (Wagh
and Nandini, 2019). Kataria and Guruprasad (2012) conducted an experiment with
three wheat varieties where in the plants were grown both in UV-B radiation blocked
cages as well as in open natural solar condition and reported that the plant height was
found to reduce in plants grown in open natural solar condition compared to the plants

grown in UV-B blocked condition.
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In order to understand the effect of enhanced UV-B radiation on soybean, three
cultivars namely Hai339, Heinong35 and Kennongl8 were grown in a field condition
and exposed to elevated UV-B radiation. The study revealed that under enhanced UV-
B radiation there was reduction in plant height, dry weight of stem and yield per plant
of all the soybean cultivars studied compared to the control plants (Liu et al., 2013).
Also in barley, the plant height, leaf number, leaf area and biomass were reported to
decrease in the plants grown under enhanced UV-B radiation condition compared to
those grown in natural condition (Jun et al., 2010).

There are two very important fundamental processes viz., cell division and cell
elongation which are required for the growth and development of plants. Many
previous studies have indicated that the UV-B radiation negatively affects both cell
division and cell elongation (Liu et al., 1995; Logemann et al., 1995; Hopkins et al.,
2002). Some researchers have opined that the reduction in morphological traits under
UV-B radiation could be attributed to the reduction of IAA activity and imbalance of

hormones via. photo oxidation (Rozema et al., 2001; Jansen et al., 2002; Wagh, 2015).

2.3.1.2 Effect of UV-B radiation on leaf area index, specific leaf area and number

of tillers

Leaves are important in determining light interception as well as important to
determine plant productivity. Leaves also are very sensitive towards any changes in
their surrounding environment. In order to respond to UV-B radiation, plants induce
photomorphogenic responses viz., decrease in leaf enlargement, reduction leaf area and
increase in foliar hair density (Manetas, 2003; Lake et al., 2009). Along with leaf
characters other parameters viz., number of tillers, grain weight and spikelet sterility
are also important in determining the yield in rice (Sheehy et al., 2001). Also there are
reports indicating that elevated UV-B radiation has got negative influence on the above

mentioned parameters (Teramuraet al., 1991, Hakala et al., 2002, Hidema et al., 2005).
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In order to understand the effect of elevated UV-B radiation on green gram (cv.
KM-2) the plants were exposed to 12.2 kJ m d* radiation (supplied by UV-B lamps)
and the results indicated that UV-B had suppressed LAI, SLA, root length, shoot length
and number of leaves (Rajendiran and Ramanujam, 2003). Similarly,
Grammatikopoulos et al. (1998) also reported a significant reduction in leaf area,
number of leaves, allocation of biomass to both above and below ground parts as well
as appearance of thicker leaves in seedlings of Laurusnobilis L. and Ceratoniasiliqua
L. when exposed to ambient solar UV-B radiation compared to non UV-B radiation

condition.

In another study with seeds of A. thaliana were grown in controlled
environmental chamber with UV-B radiation (6 kJ m s™) treatment for 21 days, the
results indicated that UV-B radiation treated plants exhibited lower leaf area and lower

fresh and dry weight compared to the control plants (Boeger and Poulson, 2006).

To understand the effect of supplementary UV-B radiation (ranging from 0.18
to 0.32 W/m?) an investigation was carried out in two low land Japanese rice cultivars
(Sasanishiki and Norin 1). The study revealed that, under UV-B radiation both the
varieties produced lesser number of tillers along with lesser number of panicles as
compared to control (Kumagai et al., 2001). In another study carried out in wheat
grown under open natural solar UV-B radiation, it was found that there was reduction
in the number of tillers and leaf area in the plants grown in open natural solar UV-B

condition compared to control (Kataria and Guruprasad, 2012).

Also in a study by Mohammed and Tarpley, (2009) nine rice cultivars namely,
Cheniere, CL161, Cocodrie, Cypress, Sierra, Presidio, XL8, XL723 and CLXL729
were exposed to UV-B radiation (supplied with the help of UV florescent lamps daily
9 hr) with three different concentration 0, 8, or 16 kJ m?. The results revealed that in
all the cultivars studied there was an overall decrease in number of tillers with increase

in UV-B radiation concentration.
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It is a well-known fact that high level of UV-B radiation is responsible for
damages at the molecular level such as DNA, proteins and membranes in the cell. Also
many studies have revealed that high level of UV-B radiation damage the DNA which
further lead to delay in cell division or delay in cell expansion (Srivastava, 2002; De
Lima-Bessa et al., 2008; Hectors et al., 2010). Delay in cell division and cell elongation
might lead to further changes in leaf morphology, for example decreased leaf area, LAI
and SLA. Sometimes this even lead to premature leaf senescence with consequences
upon whole plant growth and development such as reduction in number of tillers
(Caldwell et al., 1998; Milchunas et al., 2004). There are studies indicating reduction
in leaf area and increase of leaf curling under high UV-B radiation as an adaptive

mechanism to minimize harmful effects of UV-B radiation (Zlatev et al., 2012).
2.3.1.3 Effect of UV-B radiation on Leaf gas exchange parameters

Primary source of energy for plants is sunlight and the plants are very sensitive
towards any change in the quality and quantity of sunlight. Gas exchange parameters
like photosynthesis, stomatal conductance and transpiration are affected by the quality
and quantity of sunlight. Numerous studies have shown that UV-B radiation has
negative effect on these leaf gas exchange parameters (Sullivan et al., 2003; Surabhi et
al., 2009; Yu et al., 2013; Wagh and Nandini, 2019). Also several reviews have
summarized the effect of UV-B radiation (field experiments as well as laboratory
experiments) on different plant species. Sensitivity of plants towards UV-B radiation
have been reported to vary greatly depending on the species, cultivars and growth
conditions (Kakani et al., 2003; Caldwell et al., 2007; Kataria et al., 2014).

In a study conducted by Lidon and Ramalho (2011) in the rice variety ‘Safari’
grown in growth chamber with UV-B stress imposed by fluorescent lamps (UV-B
radiation given for 1 h per day for seven days between 8 to 14 days of germination) the
results indicated that the leaf gas exchange parameters like net photosynthesis and

stomatal conductance decreased by 20% and 85% respectively compared to the control.
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Reddy et al. (2013) carried out an experiment with two corn hybrids and four levels of
UV-B radiation (0, 5, 10, and 15 kJ m? d) and reported an inverse relationship
between leaf gas exchange parameters and UV-B radiation dosage (given during the
growing period of the crop).

In an experiment with rice cultivar Liangyoupeijiu (LYPJ) exposed to UV-B
radiation for 8 h per day (with the help of UV-B lamps) during reproductive
development, the result revealed a significant reduction in net photosynthetic rate,
stomatal conductance, transpiration rate, photosynthetic pigment contents and
photochemical efficiency of photosystem Il in UV-B radiation treated plants compared
to control plants (Yu et al., 2013). Similarly in summer rape (Brassica napus, cv.
‘Landmark’) exposed to 1 kJ m?d? UV-B radiation it was found that, there was
significant decrease in leaf gas exchange parameters compared to control
(Januskaitiene, 2013). Surabhi et al. (2009) conducted an experiment with three
cowpea varieties. They were subjected to four levels of UV-B radiation viz., control
(0), 5, 10 and 15 kJ m2 d* in controlled environmental chamber and the result showed
a decrease in net photosynthesis rate and transpiration rate with increase in the intensity
of UV-B radiation. However stomatal conductance was reported non-significant in that

study.

Over the past two decades, UV-B radiation induced inhibition of leaf
photosynthesis have been demonstrated in many plant species. Also it is established,
that UV-B radiation potentially impairs the performance of main processes of
photosynthesis which are, photophosphorylation reactions of the thylakoid membrane,
CO»-fixation reactions of the Calvin cycle and stomatal control of CO> supply (Allen
et al., 1998; Kataria et al., 2014). Some studies also have indicated that enhanced UV-
B radiation damage the photosystem Il (PS 1) to a larger extent and lead to reduced
photosynthesis (Tyystjarvi, 2008; Dobrikova et al., 2013; Hassan et al., 2013). The

main targets of UV-B radiation in PS-I1 are water-oxidizing manganese (Mn) cluster,
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the reaction centers of the D1 and D2 protein, quinine electron acceptors and tyrosine
electron donors (lhle, 1997; Jansen et al., 1998; Vass et al., 2005). Regulation of
stomata is also another factor which regulate the processes of photosynthesis and
transpiration in plants. Previous studies have shown that there was reduction in CO>
assimilation due to UV-induced reduction in stomatal conductance (Nogues et al.,
1999; Jansen and Van-Den-Noort, 2000; Lu, 2009; Reddy, 2013).

Another possible reason in the decrease in leaf gas exchange parameters may
be the degradation of Rubisco enzyme under UV-B exposure (Wilson et al., 1995; Yu
et al., 2013) because Rubisco contains aromatic amino acid, tryptophan which can
absorb UV-B radiation strongly and leads to degradation of proteins (Hartman and
Harpel, 1994; Kataria et al., 2014).

2.3.2 Effect of UV-B radiation biochemical characters
2.3.2.1 Effect of UV-B radiation on total flavonoid and total phenol content

In plants, one of the most common response to high UV-B radiation is an
increase in phenolic compounds in the leaves and shoots. UV light is reported to be a
stimulus for the synthesis of phenolic compound in the plants (Searles et al., 2001).
Under UV-B radiation, accumulation of phenolic compounds increase due to induction
of the general phenylpropanoid pathway (Logemann et al., 1999). Phenolic compounds
such as flavonoid and phenol accumulate in different cellular compartments, including
cell walls, vacuoles, chloroplasts, nucleus, trichomes and epidermal cells (Jansen et al.,
2012; Schreiner et al., 2014). In many cases, phenolic compounds act as antioxidant as
a general stress response. However, there are several reports indicating that flavonoids
function in plants to screen harmful radiation, bind phytotoxins and help in regulating

stress responses by controlling auxin transport (Winkel-Shirley, 2002).

In a pot culture experiment with two rice varieties, Jyothi and Uma grown under

three different levels of UV-B radiation (i.e. reduced UV-B radiation condition,
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enhanced UV-B radiation provided with the help of UV-B lamps and natural solar UV-
B condition) the result indicated that flavonoid and phenol content increased under
natural solar UV-B condition followed by enhanced UV-B radiation condition
compared to reduced UV-B radiation condition (Wagh, 2015). Also in another study
conducted in Betula pendula L. with three UV-B radiation treatments ( UV-B 100%,
UV-B 50% and UV-B 0% of solar natural radiation ) the HPLC-mass spectrometry
(MS) analysis revealed that twenty different kinds of phenolic compounds were
significantly induced under high UV-B treatment compared to zero UV-B radiation
treatment (Morales et al., 2010).

Yuan et al. (2010) studied the effect of UV-B (2.5, 5.0 and 7.5 kJm) radiation
on flavonoid contents in the seedlings of two rice cultivars (Huangkenuo and Hexi 41)
in a pot culture experiment. Flavonoid content in both the varieties, recorded
significantly higher values under 7.5 kJm™ followed by 5.0 kim of UV-B radiation.
In an experiment with Trigonella foenum-graecum L. (fenugreek) exposing to two
treatments viz., 3.0 kis** of UV-B radiation for 4 hrs and 8 hrs a day and it was found
that there was maximum accumulation of flavonoid and phenol content under 4 hrs of
UV-B radiation treatment (Sebastian et al., 2018).

Ambasht and Agrawal (1998) conducted a field experiment with rice under
supplemental UV-B radiation (7.1 kJ m) and reported highest flavonoid and phenol
accumulation under elevated UV-B radiation. In an investigation by Rodriguez-
Calzada et al. (2019) with Capsicum annuum exposed to UV-B radiation with the help
of UV-B lamps daily 4 hrs. (from 10:30 h to 14:30 h) it was found that the accumulation
of flavonoid and phenol content in leaves significantly increased under UV-B

treatment.

On UV-B radiation exposure, accumulation of UV-B absorbing compounds
like flavonoids and phenols act as the key components of acclimation response to

increase the capabilities of photo repair in plants. The epidermal layer is the location
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of accumulation of phenolic compounds in shoots and leaves exposed to UV-B
radiation and protects internal cell layers by attenuating the impinging UV-B radiation
at the epidermis (Tevini et al., 1991; Braun et al., 1993; Olsson et al., 1998). Many
studies have revealed that increase in the levels of phenolic compounds are due to
increase in expression and activity of genes, such as CHS and PAL which encode
enzymes chalcone synthase and phenylalanine ammonialyase, respectively of the
phenylpropanoid pathway (Kubasek et al., 1992; Mackerness, 2000; Brosche et al.,
2002; Hideg et al., 2013). Casati and Walbot, (2003) carried out microarray
hybridization assay in response to UV-B radiation and reported that genes involved in
pathways associated with UV-absorbing pigments were dramatically up-regulated and
photosynthesis-associated genes were down-regulated. It has also been reported that
some pathways regulated by UV-B radiation are shared by other stresses such as salt,
drought and oxidative stress for defense. Also UV-B radiation is found to activate some

additional pathways which are not shared by other stresses.
2.3.2.2 Effect of UV-B radiation on chlorophyll content

Another major effect of UV-B radiation is reduction in photosynthetic pigments
such as chlorophyll and carotenoid in plant leaves. There are two possible ways that
UV-B radiation affect chlorophyll pigment and they are either inhibition of their
synthesis or their effect on the enzymes involved in the chlorophyll biosynthetic
pathway (Ranjbarfordoei et al., 2011). Reduction in photosynthetic capacity under UV-
B radiation can be due to degradation of chlorophyll under UV-B radiation (Jordan et
al., 1994).

In an experiment with rice cultivar ‘93-11" exposing to UV-B radiation for 6,
12 and 24 h wherein the accumulated levels of UV-B radiation were 14.4, 28.7 and
57.5 kdm™ respectively, the results indicated significant reduction in chlorophyll
content with increase in UV-B radiation compared with control (Du et al., 2011).

Similarly, Salama et al. (2010) conducted an experiment in three desert plants namely,
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M. parviflora L., P. major L., R. vesicarius L. and Sisymbrium erysimoides Desf by
exposing them to UV-B radiation for 6 h with the help of UV-B lamps and reported
that under UV-B radiation all the three desert plants recorded reduction in chlorophyll
‘a’, chlorophyll ‘b’, total chlorophyll and carotenoid content compared to control

plants.

Kataria and Guruprasad (2014) conducted a study in four varieties of
Amaranthus tricolor (Pusa kiran, Pusa lalchaulai, Arka arunima and Arka Suguna) with
three treatments viz., growing in natural solar radiation, growing in the cages covered
with polythene filter that transmits all the ambient solar radiation and without UV-B
radiation treatment. Results obtained indicated that there was maximum reduction in
total chlorophyll content under natural solar radiation followed by polythene filter
treatment and UV-B reduced treatment. Similar results were reported in rice cultivar
‘Jyothi’ also when exposed to natural solar radiation compared to the treatment with
polythene filter that transmits all the ambient solar radiation (with UV-B lamps) and
without UV-B radiation treatment (Wagh and Nandini, 2019).

Many studies have suggested that, depending on the plant species, chlorophyll
content either increase or decrease in response to UV-B radiation (Sun and Payn, 1999;
Barsig and Malz, 2000). Also UV-B radiation has been reported to inhibit the synthesis
of chlorophyll and degrade the enzymes involved in chlorophyll biosynthetic
pathways. However, there are some reports indicating that UV-B radiation lead to
reduction of chlorophyll ‘a’ content compared to chlorophyll ‘b’ content, as UV-B
radiation cause selective damage to chlorophyll ‘a’ biosynthesis or degradation of its
precursors (Marwood and Greenberg, 1996). Under UV- B radiation, significant
reduction of carotenoids also have been determined as carotenoids have role in
protecting chlorophyll pigments from photo oxidative damage and the reduction in
carotenoid could lead to degradation of chlorophyll content under UV-B radiation
(Agrawal and Rathore, 2007; Mishra et al., 2008; Cicek et al., 2012).
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2.3.2.3 Effect of UV-B radiation on proline content

It is well documented that, under stressed condition most of the crop species
accumulate proline as an adaptive response to stress condition (Verbruggen and
Hermans, 2008). Normally, proline accumulates in cytoplasm where it function as
molecular chaperons and helps stabilizing the structure of proteins and maintains cell

redox status through maintaining cytosolic pH (Hayat et al., 2012).

In an experiment with three rice varieties (Norin 1, Sasanishiki and Surjamkhi)
subjected to UV-B radiation supplied by UV-B fluorescent tubes for 5 hours a day, it
was found that there was an increase in proline content under UV-B radiation in all the
three varieties viz., 78% in Norin 1, 54% in Surjamkhi and 28% in Sasanishiki
compared to control (Fedina et al., 2010). Also another experiment with three annual
desert plants, exposing to UV-B radiation for 6 hrs. for 6 days (supplied by UV-B
fluorescent tubes) showed increase in proline content compared to control (Salama et
al., 2011).

In a study to understand the effect of combined drought and UV-B radiation
stress on lettuce cultivar ‘Romaine’ grown under three conditions viz., drought stress
(-2.0 MPa), UV-B radiation (5 kJ md) and combined drought and UV-B stress it was
found that the proline content was higher under drought stress followed by UV-B stress
and combined stress condition (Basahi et al., 2014). In another similar study with
Spilanthes acmella Murr., plant also it was shown that the proline content increased
by 376.51 percent under UV-B radiation and by 595.06 percent under drought stress

compared to control (Reshmi and Rajalakshmi, 2012).

Accumulation of proline seen higher under UV-B radiation is mainly to protect
the cells from peroxidative damage (Saradhi et al., 1995). Also, Salama et al. (2011)
suggested the accumulation of proline content as an important factor for providing

tolerance to UV radiation in plants. In addition to that, the increase in proline content
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is also considered as a protective mechanism against UV radiation due to the generation

of reactive oxygen species.

2.4 GENE EXPRESSION STUDY

Plants produce large number of secondary metabolites viz., two different
pathways: the shikimate pathway and the malonate pathway. Among these two
pathways, shikimate pathway produce most of the phenolic compound in the plants
whereas, malonate pathway is less significant in the higher plants. However, malonate
pathway is an important source of phenolic compounds in fungi and bacteria (Taiz and
Zeiger, 2010).

There are two main pathways responsible for synthesis of phenolic compounds
in plants: the shikimic acid pathway and phenylpropanoid metabolism pathway (Chen
et al.,, 2018; Wang et al., 2019). Phenylpropanoid metabolism pathways mainly
synthesize important secondary metabolites such as, flavonoids, phenols, anthocyanin,
lignin, stilbenes and tannins in plants (Rio et al., 2013; Kallscheuer et al., 2017).
Whereas the shikimate pathway start with coupling of two compounds
phosphoenolpyruvate (PEP) and D-erythrose-4-phosphate and give rise to 3-deoxy-D-
arabinoheptulosonate-7-phosphate (DAHP) and at the final stage of shikimate
pathway, chorismate is converted into phenylalanine (which is the primary substrate to
phenylpropanoid pathway) with the help of enzyme chorismate mutase. In
phenylpropanoid pathway, at the first stage phenylalanine gets converted into cinnamic
acid with the help of enzyme phenylalanine ammonia-lyase (PAL) and then by
hydroxylation, cinnamic acid gets converted into coumaric acid with the help of
cinnamic acid 4-hydroxylase enzyme. Later coumaric acid gets hydroxylased to form

different types of phenolic compounds and flavonoids.

2.4.1 Flavonoid pathway in rice
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Over the periods many studies have suggested the flavonoid biosynthesis
pathway involved in rice (Shih et al., 2008; Brazier-Hicks et al., 2009; Galland et al.,
2014). An overview of flavonoid biosynthesis pathway in rice grain is given in figure
1. Firstly coumaric acid from general phenylpropanoid pathway gets converted into a
4-coumaroyl-CoA by CoA ligases. Then by the action of chalcone synthase (CHS) it
leads to the formation of chalcone and later it gets converted in to a naringenin with
the help of enzyme chalcone isomerase (CHI). Naringenin is the primary substrate for
biosynthesis of different types of flavonoids.

Biosynthesis of flavonoids such as, anthocyanin and proanthocyanidin are
catalyzed by flavanone 3-hydroxylase (F3H) and dihydroflavonol 4-reductase (DFR)
and in the later stage they are synthesized by the action of anthocyanidin synthase
(ANS) and leucoanthocyanidin reductase (LAR) respectively. Biosynthesis of tricin
start with generation of apigenin with the help of enzyme flavone synthase Il (FSII).
At the last stage of the pathway tricin forms by the action of O-methyltransferase
(OMT) from selgin.
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General phenylpropanoid pathway
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Figure 1: Proposed flavonoid biosynthesis pathway in rice grain (Park et al., 2016).
(The abbreviations of enzyme names are follows: ANS-Anthocyanidin synthase; ANR-
Anthocyanidin reductase; CGT-C-glucosyl transferase; CHS-Chalcone synthase; CHI-
Chalcone isomerase; DFR-Dihydroflavonol 4-reductase; DH-Dehydratase; F2H-
Flavanone 2-hydroxylase; FLS-Flavonol synthase; F3H-Flavanone 3-hydroxylase;
F3’H-Flavonoid  3’-hydroxylase; FNSII-Flavone  synthase Il; LAR-
Leucoanthocyanidin reductase; OMT-O-methyltransferase; UGT-UDP-glucosyl

transferase)

In pigmented rice grain, most of the flavonoids are derived from 3’4’-
dihydroxylated leucocyanidin, whereas 3’4’-dihydroxylated leucocyanidin is derived
from 4'-hydroxylated leucopelargonidin which is absent in pigmented rice (Park et al.,
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2016). Enzyme Flavonoid 3’-hydroxylase (F3’H) catalyze B-ring hydroxylation of
flavonoid and helps to add different types of flavonoids, which implies that activity of
F3’H is prominent in pigmented rice grains. Two F3’H genes, CYP75B3 and CYP75B4
have been identified in rice belonging to cytochrome P450 family (Seitz et al., 2006).
In Arabidopsis thaliana transparent testa mutant 7 (tt7), CYP75B3 has been identified
as defective allele of F3’H, which catalyzes the 3’-hydoxylation of B-ring of flavonoids
(Shih et al., 2008). CYP75B4 has been characterized very recently and it catalyzes not
only 3’-hydroxylation but also 5’-hydroxylation of 3’-methoxylated flavone
chrysoeriol to form selgin and later selgin gets converted into tricin with the help of O-

methyltransferase (Lam et al., 2015).

In response to several abiotic stresses, biosynthesis of secondary metabolites
including some polyphenols and flavonoids increase in plants. These polyphenols and
flavonoids provide tolerance to the plants under different stress conditions such as
drought, temperature, salinity, UV radiation etc. (Ancillotti et al., 2015; Smirnov et al.,
2015; Handa et al., 2019; Naikoo et al., 2019). Under stressful conditions, biosynthesis
of phenolic compounds are regulated by the activity of some important enzymes such
as PAL and CHS. These stresses also up-regulate transcript level of genes encoding
key enzymes in biosynthesis of phenolic compound pathway such as, PAL, CHS, F3H,
F3’H, DFR and FLS (Ma et al., 2014; Zhou et al., 2018; Gharibi et al., 2019; Sharma
etal., 2019).
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3. MATERIALS AND METHODS

The present study was conducted at the Department of Plant Physiology,
College of Agriculture, Vellayani, during December 2015 to December 2019. The
details of the materials used and the methods adopted in the study are presented in this

chapter.
3.1 GENERAL DETAILS

The experiment was conducted at the College of Agriculture, Vellayani. The
geographical coordinates of the location of this college are 8°5° N latitude and 76°16’
E longitude with an altitude of 29 m above mean sea level. The current study was
planned with three different experiments. The first experiment was with medicinal rice
varieties viz. black glumed njavara and yellow glumed njavara exposing to two shade
levels and two different field capacities. In the second experiment, rice plants were
raised in polyhouse and exposed to UV-B radiation at three different critical stages of
plants. Then based on the results of the accumulation of secondary metabolite i.e. total
flavanoids in experiment one and two, the third experiment was carried out for further

molecular studies.
3.1.1 Varietal Details
3.1.1.1 Black glumed njavara

Black glumed njavara rice has red seeds with black-shaded grains. This is a
type of njavara rice normally resistant to diseases and drought condition. Black glumed
njavara rice has short duration with maturation time of 60-90 days and height of plant

is more than 1 m. This rice is mostly cultivated in northern districts of Kerala.
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Plate 1: Type of Njavara rice (A-Black glumed njavara; B-Yellow glumed njavara)



3.1.1.2 Yellow glumed njavara

Yellow glumed njavara rice also has red colour seeds, but their grains are
golden yellow in colour. This type of rice takes 60-90 days to mature depending on the
season and the land in which grown and the height of plant is more than 1 m. The crop
is vulnerable to lodging and diseases upon maturity and also susceptible to drought.
Usually, this variety is grown in the second cropping season.

3.2 EXPERIMENTAL DETAIL
3.2.1 Experiment number 1

This experiment was laid out in a Completely Randomized Design (CRD), in
pots with 5 treatments and 4 replications and with 3 pots in each replication. The
treatments comprised of two levels of shades and two levels of field capacity and
carried out with both varieties of njavara rice.

The five treatments are:

T1 - 20% shade

T2 - 40% shade

Ts - 50% field capacity

T4 - 75% field capacity

Ts- Control

Two varieties of rice used are:
V1- Black njavara

V- Yellow njavara

3.2.1.1 Details of treatment

The experiment was conducted in shade houses of size 65 m? and the shade
levels of 20% and 40% of the radiation was provided by using polyethylene nets

purchased from Kerala Agro Industries Corporation. The control pots were maintained
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Plate 2: View of the experimental plot (A-Shade house with two different shade nets;
B-Rain out shelter)



in natural open condition. For imposing water deficit stress, the dry weight and wet
weight of pots with soil at 100% field capacity (FC) of each individual pots were
recorded with the help of electronic digital top loading weighing balance. The water
holding capacity of the soil was calculated gravimetrically and the drainage holes were
closed with cement. The weight of pots to maintain field capacity (FC) at 50% and 75%
were calculated by using following formula and the pots were irrigated and maintained
at same weight throughout the experiment and the control plants were grown at 100%
FC level.

Pot weight at 100% FC = A+Q100

Pot weight at 50% FC= A+Q50

Pot weight at 75% FC= A+Q75
Where,

A= Dry weight of soil and pot

Q100, Q50 and Q75= quantity of water at 100% FC, 50% FC and 75% FC
respectively

3.2.2 Experiment number 2

The experiment was laid out in a Completely Randomized Design (CRD), in
pots with 4 treatments and 3 replications and with 4 pots in each replication. Plants
were subjected to UV-B (280-320 nm) radiation for 4 hours per day (10am - 2pm) at
different critical stages of plants as mentioned below:

T1- UV-B treatment from vegetative stage

T2 - UV-B treatment from panicle initiation stage
T3 - UV-B treatment from flowering stage

T4 - Control (without U-B radiation)

Two varieties of rice used are:
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Plate 3: View of the experimental plot (A-Polyhouse; B-UV-B florescent tubes
installed



V1 - Black njavara

V2 - Yellow njavara
3.2.2.1 Details of treatment

The experiment was conducted in ventilated polyhouse of a size 65 m?to give
treatment with UV-B radiation. The cladding material used for polyhouse was thick
polyester of 0.13 mm thickness, purchased from Kerala Agro Industries Corporation.
The sides of the polyhouse were covered with insect proof net (40 mesh). Further, the
polyhouse was compartmentalized in two parts. In the first chamber ten number of UV-
B fluorescent tubes (TUV T8-15W SIV/25, Philips) were installed at the roof of the
polyhouse, maintaining a distance from plant canopy by 50 cm and the tubes were
switched on for 4 hrs. daily (from 10 am to 2 pm) which is considered as the
biologically active photoperiod. The average UV-B radiation provided by the tubes
was measured as 4 Wm2 at canopy level of plants. The second compartment was
maintained in a similar condition as that of compartment-I but without UV-B radiation

to serve as control.
3.2.3 Experiment number 3

The experiment number 3 was carried out with selected treatments determined
based on the higher accumulation of total flavanoids in grains of both experiment 1 and

2. The molecular analysis was carried out at the grain filling stage of the crop.
3.2.4 Raising of crop and management

The plants were raised in clay pots of size 12 inches which were filled with soil
brought from Instructional Farm, College of Agriculture, Vellayani and mixed with
farm yard manure as well as sand in the proportion of 1:1:1 ratio. The nursery for
seedling were maintained at rice field under rat proof cage of department of plant

physiology. The rice seedlings of 15 days old were transplanted at the rate of three
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Plate 4: Growth of Njavara rice under different treatment at panicle initiation stage
(A-20% shade; B -40% shade; C-50% field capacity; D-75% field capacity; E-
Control)



Plate 5: Growth of black njavara under different treatment at maturity stage (T1- UV-
B treatment from vegetative stage; T.- from panicle initiation stage; Ts- UV-B

treatment from flowering stage; T4- Control; V1- Black Njavara)



Plate 6: Growth of yellow njavara under different treatment at maturity stage (T:- UV-
B treatment from vegetative stage; To- from panicle initiation stage; Ts- UV-B
treatment from flowering stage; Ts- Control; V.- Black Njavara)



seedlings per hill and one hill per pot. The fertilizer management was adapted as per
the package of practices recommendations, 2011 of Kerala Agricultural University.
Each pot received the manurial schedule at the rate of 5 tones farm yard manure per
hectare as basal which was incorporated at the time of filling pots. The crop was given
N, P and K at the rate of 40:20:30 and out of which 33.33 per cent N, 100 per cent P
and 50 per cent K were given as a basal dose. Later 33.33 per cent N was given at active
tillering stage and remaining 33.33 per cent N and 50 per cent K were applied at the
panicle initiation stage. Urea, rock phosphate and MOP were the fertilizers used for the

soil application.

3.3 OBSERVATIONS RECORDED
3.3.1 Physiological characters
3.3.1.1 Plant height

The plant height was recorded at different critical stages of plants from ground level to

tip of the longest leaf and expressed in centimeter.
3.3.1.2 Leaf area index (LAI)

The leaf area index was measured by adopting the method suggested by
Yoshida et al. (1971). Leaf area of each pot was determined by measuring the length
and width of fully matured leaves and by calculating the leaf area of the plant. The land
area covered by the plant was determined by calculating the area of the pot used. Finally
LAI was calculated by using the following formulae:

LAI= Sum of leaf area per pot (sq cm)/ Area of land covered by pot (sg cm)

3.3.1.3 Specific leaf area (SLA)
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To determine the specific leaf area, fully expanded third leaf from each pot was
collected. Leaf area of leaves were found out and dry weight of leaflets were taken by

drying at 80°C for two days. SLA was calculated using the formula:

SLA (cm?/g) = Leaf area/ dry weight
3.3.1.4 Number of tillers per pot

The number of tillerswere counted at respective stages from each pot and mean

value was expressed in number per pot.
3.3.1.5 Leaf gas exchange parameters

Leaf gas exchange parameters namely, photosynthetic rate, stomatal
conductance and transpirational rate were obtained by using portable photosynthetic
system (CIRAS-3 Ver.1.06, Amesbury, USA). The observations were taken in each
replication and the measurements were recorded three times in each replication and
then the average value was worked out. Reading was taken between 9.00 to 10.30 am
using this equipment. The following gas exchange parameters were recorded and the

units are expressed in parenthesis.
a) Photosynthesis Rate (umol CO2 m? st)
b) Stomatal Conductance (mol H20 m? s™)
¢) Transpirational Rate (mmol H,0 m? s)

3.3.2 Biochemical characters

3.3.2.1 Flavanoid content (from leaf)

The flavanoid content was determined by the well-known method suggested by
Ordonez et al. (2006) using aluminium chloride (AICl3). Leaf samples of 0.5 g were

homogenized in 80% methanol at 40°C. Then the samples were cooled down to room
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temperature and centrifuged at 4,500 rpm for 15 min. The supernatant was collected
and out of which 0.5 ml of plant extract was taken. It was followed by addition of 0.5
ml 80% methanol and 4 ml distilled water. Then 0.3 ml of 5% sodium nitrite (NaNO3)
was added and incubated for 5 min after that 0.3 ml of 10% AICl3 was added and the
solution was allowed to stand for 6 min. The reaction was stopped by adding 2 ml of 1
M sodium hydroxide (NaOH) and the final volume was brought up to 10 ml by adding
distilled water. The sample was allowed to stand for 15 min and the absorbance was
measured at 510 nm by using spectrophotometer (Model-ELICO SL 218, Double
Beam, UV-VIS, Spectrophotometer, India).

The total flavanoid content was calculated from the calibration curve using

quercetin and expressed as mg quercetin (QE)/ g of plant sample.
3.3.2.2 Phenol content

Phenol content was estimated by the method suggested by Malick and Singh
(1980). The plant sample of 0.5 g was homogenized in 10 ml of 80 per cent ethanol
and centrifuged at 10,000 rpm for 20 minutes. The supernatant was collected and
evaporated to get dry and then to it, 5 ml of distilled water was added and dissolved the
contents. Then from that 0.2 ml was taken in a test tube and made up the volume to 3
ml with distilled water. Later 0.5 ml of folin-ciocalteau reagent was added and kept for
3 minutes. The reaction was stopped by adding 2 ml of 20% sodium carbonate
(Na2COs3) solution and the absorbance was measured at 650 nm using
spectrophotometer  (Model-ELICO SL 218, Double Beam, UV-VIS,

Spectrophotometer, India). The phenol content was expressed as mg g * of fresh weight.

The standard solution was prepared with catechol and the absorbance was taken

at 650 nm. Calculation was done by using the given formula.

Test sample absorbance Concentration of standard solution
X
Standard solution absorbance Weight of sample
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3.3.2.3 Chlorophyll content

The estimation of chlorophyll a, chlorophyll b and total chlorophyll were
carried out using the method given by Hiscox and Israelstam (1979). For the estimation,
100 mg leaf sample was taken and to which 10 ml of dimethyl sulphoxide (DMSO):
acetone (80:20) was added and left in dark overnight. Next day the leaf sample was
filtered using whatman filter paper No. 2 and the final volume was made up to 25 ml
and the chlorophyll content was determined spectrophotometrically (Model-ELICO SL
218, Double Beam, UV-VIS, Spectrophotometer, India) at two wavelengths(645 nm

and 663 nm) and expressed as milligram per fresh weight of plant tissue.
The calculation was done by using the following formulae.

Chlorophyll “a” = [(12.7 x A663) — (2.69 x A645)] x /1000 X W
Chlorophyll “b” = [(22.9 x A645) — (4.68 X A663)] x V/1000 x W
Total chlorophyll = [(20.2 x A645) + (8.02 x A663)] x /1000 x W
Where,

A = Absorption at a given wavelength

V = Total volume of sample in extraction medium

W = Weight of sample

3.3.2.4 Proline content

Leaf sample of 0.5 g was homogenised in 10 ml of 3% aqueous sulphosalicylic
acid and then filtered through whatman no.2 filter paper. From that 2 ml of filtrate was
transferred in a test tube and 2 ml of glacial acetic acid and 2 ml of acid ninhydrin were
added and kept for 1 hour in boiling water bath. Then 4 ml of toluene solution was
added to the test tube and stirred well for 20-30 seconds and the toluene layer was

separated and brought to room temperature. The colour intensity was measured at 520
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nm in a spectrophotometer (Model-ELICO SL 218, Double Beam, UV-VIS,

Spectrophotometer, India).

The proline content was calculated on a fresh weight basis using the following formula:

K g proline/ ml X ml toluene 5

Micro moles per g tissue = X
1155 g of sample

3.3.2.5 Quantification of secondary metabolites (Total flavanoids from grains)

The flavanoid content in grains was estimated using the method mentioned
above (flavanoid estimation in leaves) with slight modification using AICl3 (Ordonez
et al., 2006). The grains were ground to fine powder and from which 0.5 g of grain
powder was homogenized in 80% methanol and incubated at 40°C for 24 hours. Then
the sample was cooled down to room temperature and centrifuged at 4,500 rpm for 15
min. The supernatant was collected and out of which 0.5 ml was taken and to which
0.5 ml 80% methanol and 4 ml distilled water were added. Then 0.3 ml of 5% sodium
nitrite (NaNOz) was added and incubated for 5 min. After that 0.3 ml of 10% AICl3
was added and the solutionwas allowed to stand for 6 min. The reaction was stopped
by adding 2 ml of 1 M sodium hydroxide (NaOH) and the final volume was brought to
10 ml by adding distilled water. The sample was allowed to stand for 15 min and the
absorbance was taken at 510 nm by using Spectrophotometer (Model-ELICO SL 218,
Double Beam, UV-VIS, Spectrophotometer, India).

The total flavanoid content was calculated from a calibration curve using

quercetin and expressed as mg quercetin (QE)/ g of plant sample.

3.3.3 Molecular analysis

3.3.3.1 Protein profiling (SDS-PAGE)
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Protein profiling was done using sodium dodecyl sulphate-poly acrylamide gel
electrophoresis (SDS-PAGE). Electrophoresis is the technique used to separate and
characterize molecules based on the mobility of ions in an electric field and used to
separate macromolecules such as DNA, RNA and proteins. Polyacrylamide Gel
Electrophoresis (PAGE) is one of the foremost method used widely to separate proteins
with sodium dodecyl sulphate (SDS) which is used to linearize protein by denaturing
and giving negative charge to proteins. In the present study SDS-PAGE analysis was
done by the protocol suggested by Sadasivam and Manickam (2016). All required stock

solutions prepared shown in appendix I.
3.3.3.1.1 Gel preparation and casting of gel

The gel unit was cleaned thoroughly using distilled water then with ethanol and
dried and then glass plates were assembled accurately. Resolving gel (12%) (Appendix
I1-A) was prepared using 30% acrylamide stock solution, 1.5 M trisHCI (pH 8.8), 10%
SDS, distilled water, 10% ammonium per sulphate solution and TEMED (N,N,N',N'-
tetramethylethylene-1-diamine). The solution was mixed gently and then carefully
poured between the glass plates up to three-forth portion. It was then overlaid with
distilled water to prevent contact with air for proper polymerization, since oxygen
inhibits polymerization. Stacking gel (5%) (Appendix I1-B) was prepared using 30%
acrylamide stock solution, 0.5 M trisHCI (pH 6.8), 10% SDS, distilled water, 10%
ammonium per sulphate (APS) solution and TEMED. The overlaid water was then
removed very carefully and stacking gel was poured between the glass plates and comb
was inserted properly and gel was allowed to set. Later placed the gel plate in Bio-Rad
electrophoresis apparatus and poured electrode buffer containing tris base, glycine and

SDS and the comb was removed carefully without damaging the wells.
3.3.3.1.2 Sample Preparation and Gel Loading

The sample buffer was prepared using trisHCI (pH 6.8), bromophenol blue, -

mercaptoethanol, glycerol and SDS (Appendix I-D). The sample protein concentrate
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was adjusted to 50 pg and then mixed with sample buffer. Then the samples were
heated at 93°C for 3 minutes before loading, to ensure complete interaction between
proteins and SDS. Meanwhile the wells were flushed with buffer using a syringe to
remove residual gel reagents before loading the samples. The protein samples were
allowed to cool and the samples along with pre-stained protein ladder (5 ul) were

loaded in the wells.
3.3.3.1.3 Electrophoresis

Electrode buffer (Appendix I-E) was poured into the electrophoresis apparatus
and initially run at 55 V until all the protein samples stacked on the resolving gel moved
uniformly. This was done for uniform run of all protein residuals and then it was run
at 65V for 1 to 1.5 hrs until the dye front reached the bottom.

3.2.4.1.5 Gel Staining and Destaining

After the run was complete, gel was removed carefully from the glass plates and
submerged in the staining solution for three to four hours with occasional shaking.
Staining solution (0.1%) (Appendix I11-A) was prepared by mixing coomassie brilliant
blue R 250, glacial acetic acid, methanol and distilled water. The proteins absorbed the
coomassie brilliant blue present in the staining solution. After staining, the gel was
transferred to destaining solution (Appendix Il1-B) containing all the components
except coomassie brilliant blue R 250 dye and allowed to destain till the bands were
visible and the dye that was not bound to proteins was removed. Destaining was
stopped at the right stage to visualize the protein bands. The gel was photographed after

proper destaining.
3.3.3.2 Gene expression study using RT-PCR

3.3.3.2.1 Isolation of RNA
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The RNA was isolated using TRIzol reagent from grains at the grain filling
stage. The reagents, glassware, mortar and pestle, forceps and plastic wares such as
microtips, microfuge tubes were autoclaved. All the reagents used were prepared using
DEPC (Diethyl pyrocabonate) treated water. The DEPC treated water was prepared by
adding 1 ml of DEPC to 1 liter of water (0.1%) and keeping overnight on magnetic

stirrer and then autoclaving twice to remove DEPC completely.

Chilled mortar and pestle was wiped with RNAase zap to remove any traces of
RNAase and then used for grinding the grain samples. 100 mg of samples were ground
into fine powder using liquid nitrogen. 1 ml of TRIzol reagent was added to the
powdered samples and mixed gently to homogenize the mixture and incubated at
ambient temperature for 5 minutes. Then, the mixture was transferred to pre-chilled
microfuge tube. Later, 0.2 ml chloroform was added and shaken vigorously for about
15 seconds and incubated for 5 minutes at room temperature. The microfuge tubes were
kept in ice for 10 minutes and centrifuged at 12,000 g for 15 minutes at 4 °C. The
aqueous phase from the tubes were transferred to fresh microfuge tubes. Hundred
percent ice cold isopropanol of 0.5 ml was added to each tube and kept for incubation
at room temperature for 10 minutes. Then the contents in the tubes were mixed by
inverting the tube slowly and again centrifuged at 12,000 g for 10 minutes at 4 °C.
After that the supernatant was discarded carefully and pellet was washed with 1 ml of
75% ethanol prepared in DEPC treated water and spun at 7,500 g for 5 minutes at 4 °C.
Then the supernatant was removed and the pellet was air dried at 30-40 °C in the
laminar air flow chamber. The pellet was then dissolved in 30 pl of RNAase free water
and kept for incubation at about 55-60°C for 10 minutes. The isolated RNA was stored
at -80 °C for further use.

3.3.3.2.2 Quialitative analysis and quantification of RNA

The quality of RNA was determined by using agarose get electrophoresis. The

gel was prepared using 1.5 g of agarose powder dissolved in 100 ml of 1 X TBE
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(Appendix 1V) in the microwave oven. The gel was cooled down to about 60-65 °C
and ethidium bromide (EtBr) was added to it. Then the gel was poured into a casting
tray, the comb was kept and the gel was allowed to solidify. After removing the comb,
the solidified gel was transferred to the electrophoresis tank which contained 1 X TBE
buffer. Then, RNA sample of 5 ul added to 2 pl of loading dye (bromo phenol blue)
and 5 pl DEPC treated water was mixed gently and poured in the wells carefully. The
voltage was maintained at 5 VV/cm and the gel was allowed to run till the RNA reached
three fourth of gel. The bands were visualized and documented in Gel Doc Unit (Bio-

Rad) using Quantity One software.

The quantification of RNA was determined by taking absorbance in UV-visible
spectrophotometer  (Model-ELICO SL 218, Double Beam, UV-VIS,
Spectrophotometer, India) at the wavelength of 260 and 280 nm. The absorbance value
of 1.0 at 260 nm indicated that 40 ng pl™* of RNA was present in the samples. The

concentration of RNA in the sample was determined by the formula:
Concentration of RNA (ng pl™) = Az x 40 x Dilution factor
Whereas, A2so= Absorbance at 260 nm

The quality of the RNA samples was known from the ratio of the OD values
recorded at 260 and 280 nm. The best quality of RNA was referred by Azso/A2so value

between 1.8 and 2.
3.3.3.2.3 Preparation of cDNA

RNA isolated using the above protocol was then used for synthesis of cDNA.
The ¢cDNA was synthesized using “Thermo Scientific Verso cDNA Synthesis Kit”
according to protocol provided by manufacturers. The kit contained verso reverse
transcriptase which could generate long cDNA strands, RNAase inhibitor to protect
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RNA templates from degradation and RT enhancer which help to remove DNA

contamination. The kit also contained oligo dT primer and Random hexamer.

The composition of reaction mixture (20 pl) for cDNA synthesis is as follows:

5X cDNA synthesis buffer 4 ul
dNTP mix 2ul
Oligo-dT primer 1l
RT enhancer 1l
Verso Reverse transcriptase enzyme 1l
RNA sample 4ul
Nuclease free water 7ul
Total volume 20 ul

The contents were mixed gently and incubated at 42°C for 30 minutes followed
by another incubation at 92°C for 2 minutes and then the cDNA samples were stored

at -80°C for further analysis.
3.3.3.2.4 Quality check of cDNA

The cDNA synthesis was confirmed by standard PCR technique using
housekeeping gene “Ubiquitine (UBQ5)” with gene specific primers. The standard

PCR mix was prepared as follow:

10X reaction buffer (1X) 2 ul
dNTP mix (100 uM) 1l
Forward primer (10 uM) 1l
Reverse primer (10 uM) 1l
Taq DNA polymerase 1l
Template DNA 1l
Nuclease free water 13 ul
Total volume 20 pl
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The following conditions were given for the amplification of the UBQ5 gene in the
PCR cycler:

nitial denaturation

Denaturation

Annealing

Extension

Final extension

94°C for 3 min

94°C for 30 sec \

55°C for 30 sec

X 30 cycles

72°C for 30 sec

72°C for 5 min

The final amplified PCR product was separated on agarose gel (1.2%) and

observed and documented using Gel Doc Unit (Bio-Rad) using Quantity One software.

3.3.3.2.5 Gene expression analysis using quantitative real-time PCR

To study the expression of flavonoid pathway genes viz. chalcone synthase

(CHS) and CYP75B4 in the seeds of both the njavara varieties at grain filling stage,

quantitative real-time PCR (RT-qPCR) was carried out. Ubiquitine (UBQ5) gene was

used as internal reference and non-template (without cDNA) were kept as control. The

primers used are as follows (Park et al., 2016):

Genes Locus ID Forward (5’ to 3°) Reverse (5’ to 3°)

CHS 0s11g0530600 iigﬂCATCTCGAAG g%‘gﬁTCCTCTCCTT
CYPT5B4 | 051090317900 | LS TCGCATCCECTTA | ACCARTET/ICCAAC
UBQ5 | 0s01g0328400 géﬁggAAAGGAAGGA éﬁiggGTTCAGTTC

RT-qPCR was done using BIO-RAD CFXTM Touch Real-Time Detection
System and data retrieved using BIO-RAD CFX Maestro 1.0 software. To carry out
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RT-gPCR, SYBR Green Master mix provided by Origin Diagnostics & Research, India

was used. Reaction mixture (20 pl) was prepared as follows:

SYBR Green Master mix (2X) 10 pl
Forward primer (10 uM) 1l
Reverse primer (10 uM) 1l
cDNA Template 1l
Nuclease free water 7 ul
Total volume 20 pl

The thermal profile for all RT-gPCR reactions were performed as follows:

Initial denaturation: 95°C for 3 min

Denaturation 95°C for 10 sec \

Annealing 55°C for 15 sec X 40 cycles
Extension \ 72°C for 30 sec

Final extension 72°C for 2 min

The result obtained are expressed as fold changes i.e. increase or decrease in
expression of genes. UBQ5 gene was used as internal reference gene for normalization
of RT-qPCR data. The fold changes in expression was calculated by using AACq
method (Rao et al., 2013). The difference between Cq value of query gene and

reference gene was considered as ACq.
ACqg= Cq (Query gene) - Cq (Reference gene)

Then the difference between ACq value of treatment and ACq value of control
was considered as AACq value. The fold change in expression of genes were calculated

by 27445,
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AACq= ACq(Treatment) - ACq(Control)

3.3.4 Statistical analysis

The data were analyzed using statistical software SPSS and the treatments were

compared using the design CRD.
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4. RESULTS

The results of the present study titled “Physiological, biochemical and
molecular studies in medicinal rice (Oryza sativa L.), Njavara, as influenced by abiotic
stresses” carried out at Department of Plant Physiology, Vellayani, during 2015 to 2019
are presented in this chapter. Results of observations on different physiological,
biochemical parameters and molecular aspects at four different growth stages of two
medicinal rice viz., black njavara and yellow njavara are given here. The data recorded

were analyzed statistically and presented in the relevant tables and appropriate figures.
4.1 EXPERIMENT-I

4.1.1 Physiological characters

4.1.1.1 Plant height

The data on plant height observed at four different stages of the crop showed
significant variation between treatments and varieties (Table 1). In black njavara,
treatment T> recorded maximum plant height at all the four growth stages studied
(69.50, 128.87, 134.62 and 132.13 cm respectively) and Ts recorded the minimum
(57.66, 99.03, 116.39 and 113.31 cm respectively). Similarly, in yellow njavara variety
also maximum plant height was observed in the treatment T at all the growth stages
studied (63.74, 120.49, 129.41 and 126.91 cm respectively). However, at vegetative
stage, the treatment T3 (58.31 cm) recorded the minimum value and at panicle initiation
stage treatment Ti1 (102.79 cm) recorded the minimum of plant height. Also at
flowering stage (112.71 cm) and harvesting stage (109.88 cm), T3 recorded the lowest
plant height.
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Plant height (cm)

%

. Panicle . .
Vegetative initiation Flowering | Harvesting Mean change
stage stage stage over
stage
control
ViT1 68.28 121.38 131.81 130.74 113.05 | 17.03
ViT2 69.50 128.87 134.62 132.13 116.28 | 20.37
ViT3 65.98 121.90 129.38 128.40 111.42 | 15.34
ViT4 68.41 123.11 131.54 129.78 113.21 | 17.19
ViTs 57.66 99.03 116.39 113.31 96.60 0.00
V2oT1 62.19 102.79 128.47 125.91 104.84 | -3.23
VaT2 63.74 120.49 129.41 126.91 110.14 | 1.66
V2T3 58.31 106.90 112.71 109.88 96.95 | -10.51
V2T4 61.49 119.51 128.63 126.74 109.09 | 0.69
V2Ts 62.21 110.59 131.18 129.39 108.34 | 0.00
SEm 1.509 2.684 1.557 1.505
CD (0.05) 4.379 7.789 4519 4.368
V1 65.96 118.86 128.74 126.87 110.11
V2 61.59 112.058 126.08 123.764 105.87
SE(m) 0.675 1.200 0.696 0.673
CD (0.05) 1.958 3.484 2.021 1.953
T1 64.08 115.05 130.04 127.85 109.26
T2 66.62 124.19 132.01 129.43 113.06
T3 63.36 112.09 122.26 120.31 104.51
T4 64.88 121.19 129.04 127.65 110.69
Ts 59.93 104.81 123.78 121.35 102.47
SEm 1.067 1.898 1.101 1.064
CD (0.05) 3.096 5.508 3.196 3.089

Table 1: Effect of different shade levels and field capacity levels on plant height (cm)

of njavara rice varieties (T1- 20% shade; T2- 40% shade; Ts- 50% field capacity; Ta-

75% field capacity; Ts- Control; Vi- Black Njavara; V- Yellow Njavara)
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There was significant variation found in both the varieties black njavara (V1)
and yellow njavara (V2) at all growth stages studied (Table 1) and in which, black
njavara recorded the maximum plant height than yellow njavara at all four growth
stages.

Also the plant height significantly varied under different treatments at all
growth stages. The highest plant height was observed under T (40% shade) treatment
(66.62,124.19, 132.01 and 129.43 cm respectively) at all four growth stages. However,
the control (Ts) recorded the least plant height at vegetative stage (59.93 cm) and
panicle initiation stage (104.81 cm) whereas, treatment Tz (50% field capacity)
recorded least plant height at flowering stage and harvesting stage (122.26 cm and

120.31 cm respectively).
4.1.1.2 Leaf Area Index (LAI)

The data on LAI was found to significantly vary between the different
treatments and varieties studied during vegetative, panicle initiation and harvesting
stages and at flowering stage LAI was found non-significant (Table 2). Black njavara
showed highest LAI in Ts (0.81) at vegetative stage but at panicle initiation stage and
harvesting stage, T showed highest LAI (5.44 and 6.39 respectively). The lowest LAI
was recorded in Tz at all the stages mentioned above (0.52, 1.16 and 2.87 respectively).
In yellow njavara, T» recoded highest LAI at vegetative, panicle initiation and
harvesting stage (1.39, 3.57 and 4.66 respectively) whereas, lowest LAI was recorded

in T3 (0.62, 1.39 and 3.12 respectively) at the stages mentioned above.

There was significant variation in LAl at vegetative and panicle initiation
stages, but at flowering and harvesting stages it was found non-significant among the
varieties (Table 2). At vegetative stage, yellow njavara (V2) recorded highest (0.84)
LAI than black njavara (V1) (0.62) whereas, at panicle initiation stage V1 (3.03)
recorded higher LAI than V2 (2.27).
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Leaf Area Index (LAI)
Vegetative Panicle Flowering | Harvesting | Mean %
stage Initiation stage stage change
stage over
control
ViT1 0.59 2.92 4.50 4.12 3.03 -20.05
ViT2 0.65 5.44 6.72 6.39 4.80 26.65
ViTs 0.52 1.16 3.24 2.87 1.95 -48.55
ViTa 0.55 1.76 4.32 3.66 2.57 -32.19
ViTs 0.81 3.87 5.60 4.89 3.79 0.00
VoT1 0.63 2.09 4.00 3.38 2.53 -19.43
V2T2 1.39 3.57 5.44 4.66 3.77 20.06
V2T3 0.62 1.39 3.32 3.12 2.11 -32.80
V2T 0.70 2.10 4.62 4.29 2.93 -6.69
V2Ts 0.84 2.19 5.02 4.50 3.14 0.00
SE(m) 0.087 0.243 0.331 0.318
CD (0.05) 0.254 0.707 N/A 0.923
Vi1 0.62 3.03 4.88 4.39 3.23
V2 0.84 2.27 4.48 3.99 2.90
SE(m) 0.039 0.109 0.148 0.142
CD (0.05) 0.113 0.316 N/A N/A
T1 0.61 2.51 4.25 3.75 2.78
T2 1.02 4.51 6.08 5.52 4.28
Ts 0.57 1.27 3.28 3.00 2.03
Ta 0.62 1.93 4.47 3.98 2.75
Ts 0.82 3.03 5.31 4.70 3.47
SE(m) 0.062 0.172 0.234 0.225
CD (0.05) 0.179 0.500 0.678 0.652

Table 2: Effect of different shade levels and field capacity levels on leaf area index of
njavara rice varieties (T1- 20% shade; T»- 40% shade; T3- 50% field capacity; T4-75%
field capacity; Ts- Control; V1- Black Njavara; V- Yellow Njavara)
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The LAI recorded among the treatments significantly varied at all the four
growth stages (Table 2). Highest LAl was recorded under treatment 40% shade (T>) at
all the four stages (1.02, 4.51, 6.08 and 5.52 respectively) and the least was recorded
under treatment 50% field capacity (T3) (0.57, 1.27, 3.28 and 3.00 respectively) at
different growth stages studied.

4.1.1.3 Specific Leaf Area (SLA)

Specific leaf area (SLA) was found significantly different among the different
treatments and varieties at all the growth stages studied (Table 3). The variety black
njavara (V1) recorded maximum SLA (391.33, 377.12, 382.79 and 375.79 cm? g})
under 40% shade (T>) at vegetative, panicle initiation, flowering and harvesting stages
respectively and the lowest SLA was recoded under 20% shade (T1) at vegetative stage
(239.71 cm?gt). But at panicle initiation, flowering and harvesting stages the treatment
50% field capacity (Ts) recorded lower SLA (239.71, 303.93 and 296.93 cm? g!
respectively) in black njavara. In the yellow njavara (V2), treatment 40% shade (T>)
recorded maximum SLA at vegetative, panicle initiation and flowering stage (376.81,
364.04 and 373.53 cm? g respectively), however at harvesting stage, the treatment
75% field capacity (T4) recorded maximum SLA (368.53 cm?gt). Whereas, lower SLA
was recoded under 20% shade (T1) at vegetative stage (248.46 cm?gt) and at panicle
initiation stage, flowering stage and harvesting stages, the treatment 50% field capacity
(T3) recorded the lowest SLA (196.59, 241.11 and 236.11 cm? g™* respectively) in

yellow njavara.

SLA was observed non-significant at vegetative stage in both varieties whereas,
at panicle initiation, flowering and harvesting stages it was found to significantly vary
(Table 3). The variety black njavara (V1) recorded higher SLA at panicle initiation
stage (309.39 cm? g1) followed by flowering stage (346.17 cm? g) and harvesting
stage (339.17 cm?g™) compared to the yellow njavara (V2) at the corresponding growth
stages (291.22, 316.18 and 311.53 cm? g™* respectively).
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Specific Leaf Area (cm?/g)

Vegetative | Panicle | Flowering | Harvesting | Mean %
stage initiation stage stage change
stage over
control
ViT1 239.71 279.88 314.71 367.72 300.51 -9.33
ViT2 391.33 377.12 382.79 375.79 381.76 15.18
ViTs 247.79 239.71 303.93 296.93 272.09 | -17.91
ViTs 301.03 318.56 374.72 307.71 325.51 -1.79
ViTs 291.75 331.67 354.68 347.68 331.45 0.00
VoT1 248.46 265.22 301.29 297.04 278.00 -11.57
VaT2 376.81 364.04 373.53 314.92 357.33 13.67
V2Ts 258.96 196.59 241.11 236.11 233.19 | -25.82
V2Ts 330.61 335.62 318.92 368.53 338.42 7.65
V2Ts 275.75 294.63 346.04 341.04 314.37 0.00
SE(m) 6.142 2.093 6.725 6.759
CD (0.05) 17.826 6.075 19.517 19.615
Vi1 294.32 309.39 346.17 339.17 322.26
V2 298.12 291.22 316.18 311.53 304.26
SE(m) 2.747 0.936 3.007 3.023
CD (0.05) N/A 2.717 8.728 8.772
T1 244.09 272.55 308.00 332.38 289.26
T2 384.07 370.58 378.16 372.16 376.24
Ts 253.37 218.15 272.52 266.52 252.64
Ta 315.82 327.09 346.82 311.32 325.26
Ts 283.75 313.15 350.36 344.36 322.91
SE(m) 4.343 1.480 4.755 4.779
CD (0.05) 12.605 4.296 13.800 13.870

Table 3: Effect of different shade levels and field capacity levels on specific leaf area
(cm?/g) of njavara rice varieties (T1- 20% shade; T2- 40% shade; Ts- 50% field

capacity; T4-75% field capacity; Ts- Control; V1i- Black Njavara; V- Yellow Njavara).
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The SLA was observed to significantly vary at all the growth stages studied
among treatments (Table 3). Highest SLA was observed in the treatment T, at
vegetative stage (384.07 cm? g, panicle initiation stage (370.58 cm? g1), flowering
stage (378.16 cm? g1) and harvesting stage (372.16 cm? g). The lowest SLA was
recorded in the treatment T at vegetative stage. However at panicle initiation,
flowering and harvesting stages (218.15, 272.52 and 266.52 cm? g™* respectively), the

treatment T3 recorded the minimum values.
4.1.1.4 Number of Tillers

Number of tillers per plants was observed significantly different between
treatments and varieties at only flowering stage while non-significant at vegetative
stage, panicle initiation stage and harvesting stage (Table 4). At flowering stage, both
the varieties (V1-23.83; V2-22.67) recorded highest number of tillers per plant under
control (Ts) and the lowest number of tillers per plants was observed in the treatment
50% field capacity (Ts) (V1-12.42; V»-13.08) at the flowering stage.

Between the varieties, the number of tillers per plants was observed
significantly different at only panicle initiation stage and non-significant at vegetative
stage, flowering stage and harvesting stage (Table 4). Variety black njavara (V1)
recorded most number of tillers per plant (10.83) than the yellow njavara (V2) variety

(9.68) at panicle initiation stage.

The number of tillers per plant was found to significantly vary among the
different treatments and at all growth stages studied (Table 4). Among the treatments,
the control (Ts) showed the highest number of tillers per plant (8.54, 13.04, 23.25 and
20.29) whereas the treatment 50% field capacity (T3) showed the lowest number of
tillers per plant (3.67, 7.21, 12.75 and 10.99) respectively at different growth stages
studied (Table 4).
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Number of Tillers (per plant)

Vegetative | Panicle | Flowering | Harvesting | Means %
stage initiation stage stage change
stage over
control
ViT1 4.03 10.92 14.42 14.50 10.97 -32.28
ViT2 5.09 9.50 15.99 14.25 11.21 -30.80
ViTs 3.58 7.42 12.42 11.50 8.73 -46.11
ViTa 7.08 13.49 20.83 17.83 14.81 -8.58
ViTs 7.99 12.96 23.83 20.03 16.20 0.00
V2T 4.08 8.83 13.67 14.00 10.15 -38.03
V2T2 4.45 7.75 16.33 14.25 10.70 -34.68
V2T3 3.75 7.00 13.08 10.49 8.58 -47.62
V2T 6.75 11.67 22.50 17.49 14.60 -10.87
V2Ts 9.08 13.17 22.67 20.58 16.38 0.00
SE(m) 0.35 0.49 0.44 0.45
CD (0.05) N/A N/A 1.29 N/A
Vi1 5.55 10.83 17.49 15.69 12.39
V2 5.62 9.68 17.65 15.35 12.08
SE(m) 0.16 0.22 0.19 0.20
CD (0.05) N/A 0.64 N/A N/A
T1 4.04 9.88 14.04 14.25 10.55
T2 4.75 8.63 16.17 14.15 10.93
T3 3.67 7.21 12.75 10.99 8.66
Ta 6.92 12.54 21.67 17.63 14.69
Ts 8.54 13.04 23.25 20.29 16.28
SE(m) 0.25 0.35 0.31 0.39
CD (0.05) 0.71 1.01 0.91 0.92

Table 4: Effect of different shade levels and field capacity levels on number of tillers

per plant of njavara rice varieties (T1- 20% shade; T»- 40% shade; Ts- 50% field

capacity; T4-75% field capacity; Ts- Control; V1- Black Njavara; V2- Yellow Njavara)
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4.1.1.5 Photosynthetic rate

The data on photosynthetic rate is given in table 5. Photosynthetic rate between
varieties and treatments was found significant at only flowering stage but non-
significant at vegetative stage, panicle initiation stage and harvesting stage (Table 5).
At the flowering stage, both varieties viz., black njavara (V1) and yellow njavara (V2)
showed highest photosynthetic rate under treatment Ts (19.40 and 18.95 umol CO2, m"
251 respectively). However, the lowest photosynthetic rate was recorded under
treatment T in the black njavara (11.15 umol CO2 m2s?) and in treatment T3 (10.43

pmol CO2 m2s?) in the case of yellow njavara (Table 5).

Photosynthetic rate was found significantly different at vegetative stage,
flowering stage and harvesting stage but no significant variation was found at panicle
initiation stage between the varieties. Black njavara (V1) variety recorded highest
photosynthetic rate at vegetative stage (13.93 umol CO, ms™), flowering stage (14.64
pmol CO2 m2sh) and harvesting stage (12.42 pmol CO, ms™). But the yellow njavara
(V2) variety recorded the lowest values (13.38, 13.98, and 11.64 pumol CO, m?s?
respectively) at all the above mentioned growth stages.

The photosynthetic rate recorded among the treatments significantly varied at
all growth stages studied (Table 5). Highest rate of photosynthesis was recorded in
control (Ts) at all the four growth stages of the study (18.05, 18.91, 19.18 and 15.10
pmol CO2 m2s respectively) and the lowest was recorded in the treatment 50% field
capacity (Ts) at vegetative stage (10.11 umol CO2m%s1), panicle initiation stage (10.54
pmol CO2 m?s™) and harvesting stage (9.64 pmol CO, ms1). But at flowering stage,
the treatment 40% shade (T2) recorded the lowest photosynthetic rate (10.91 umol
CO,m%s?).
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Photosynthesis rate (umol CO2 m2s)

Vegetative | Panicle | Flowering | Harvesting | Mean %
stage initiation stage stage change
stage over
control
ViT1 13.83 14.23 14.90 13.28 14.06 -22.45
ViT2 10.95 11.15 11.15 9.80 10.76 -40.65
ViTs 10.30 11.03 11.70 10.08 10.78 -40.54
V1T 16.28 15.45 16.03 13.35 15.28 -15.72
ViTs 18.28 19.25 19.40 15.60 18.13 0.00
V2T 13.45 13.45 14.23 12.18 13.33 -23.79
VaT2 10.45 11.10 10.68 9.53 10.44 -40.31
V2Ts 9.93 10.05 10.43 9.20 9.90 -43.40
V2T 15.23 16.23 15.63 12.68 14.94 -14.58
V2Ts 17.83 18.58 18.95 14.60 17.49 0.00
SE(m) 0.170 0.346 0.154 0.159
CD (0.05) N/A N/A 0.448 N/A
V1 13.93 14.22 14.64 12.42 13.80
V2 13.38 13.88 13.98 11.64 13.22
SE(m) 0.076 0.155 0.069 0.071
CD (0.05) 0.221 N/A 0.200 0.206
T1 13.64 13.84 14.56 12.73 13.69
T2 10.70 11.13 10.91 9.66 10.60
T3 10.11 10.54 11.06 9.64 10.34
T4 15.75 15.84 15.83 13.01 15.11
Ts 18.05 18.91 19.18 15.10 17.81
SE(m) 0.120 0.245 0.109 0.112
CD (0.05) 0.349 0.710 0.317 0.326

Table 5: Effect of different shade levels and field capacity levels on photosynthesis

rate (umol CO2 m s1) of njavara rice varieties (T1- 20% shade; T2- 40% shade; Ts-

50% field capacity; Ts-75% field capacity; Ts- Control; Vi- Black Njavara; V2- Yellow

Njavara)
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4.1.1.6 Stomatal conductance

Data on stomatal conductance is presented in table 6. The data on stomatal
conductance was found significantly vary between the different treatments and
varieties studied during vegetative, panicle initiation and harvesting stages but at

flowering stage it was found non-significant (Table 6).

Stomatal conductance within varieties was observed to significantly vary at
vegetative stage, panicle initiation stage and flowering stage whereas, no significant
difference was found at harvesting stages. Variety black njavara (V1) (285.95, 336.84
and 348.80 mol H,O ms? respectively) recorded higher stomatal conductance at
above mentioned stages than the yellow njavara (V2) (277.75, 316.73 and 325.35 mol

H,0 ms respectively).

There was significant variation in stomatal conductance among different
treatments at all the growth stages studied. At vegetative stage, the treatment 20%
shade (T1) recorded highest stomatal conductance (327.36 H.0 m™ s!) whereas, at
panicle initiation stage, flowering and harvesting stage, the control (Ts) recorded the
highest value of stomatal conductance (376.75, 384.89 and 340.75 mol H,O m2s?
respectively). However, lowest stomatal conductance was recorded in treatment 50%
field capacity (T3) at all the growth stages studied (225.88, 260.85, 271.50 and 260.38
mol H20 m2s?respectively).

4.1.1.7 Transpiration rate

The data on transpiration rate is given in table 7. Transpiration rate between
treatments and varieties was found to significantly vary at vegetative stage, panicle
initiation stage and flowering stage but non-significant at harvesting stage (Table 7).
In black njavara (V1), the control (Ts) recorded the highest transpiration rate at
vegetative stage (3.58 mmol H.O m?s?), panicle initiation (4.34 mmol H,O m?2s)

stage and flowering stage (4.38 mmol H.O ms™). But the lowest transpiration rate
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Stomatal conductance (mol H20 m2 s?)

Vegetative Panicle Flowering | Harvesting | Mean %
stage initiation stage stage change
stage over
control
ViT1 304.00 370.51 376.50 298.00 337.25 | -8.38
ViT2 273.75 294.70 302.74 262.75 283.49 | -22.98
ViTs 221.50 278.74 291.25 251.00 260.62 | -29.19
V1T 300.55 357.20 372.19 321.00 337.74 | -8.24
ViTs 330.00 382.70 401.28 358.35 368.08 0.00
V2T 350.74 359.50 366.26 304.25 345.19 0.60
VaT2 216.01 273.08 297.25 292.56 269.73 | -21.39
V2Ts 230.25 243.00 251.75 269.75 248.69 | -27.52
V2T 282.00 337.50 343.00 283.00 311.38 | -9.25
V2Ts 309.75 370.78 368.50 323.50 343.13 0.00
SE(m) 3.767 2.737 7.760 8.660
CD (0.05) 10.933 7.942 N/A 25.132
V1 285.95 336.84 348.80 298.20 317.45
V2 277.75 316.73 325.35 294.60 303.61
SE(m) 1.685 1.224 3.470 3.873
CD (0.05) 4.889 3.552 10.071 N/A
T1 327.36 365.00 371.35 301.13 341.21
T2 244.88 283.87 300.05 277.63 276.61
T3 225.88 260.85 271.50 260.38 254.65
Ta 291.25 347.35 357.63 302.00 324.56
Ts 319.87 376.75 384.89 340.75 355.57
SE(m) 2.664 1.935 5.487 6.123
CD (0.05) 7.731 5.616 15.924 17.771

Table 6: Effect of different shade levels and field capacity levels on stomatal

conductance (mol H.0 m s™1) of njavara rice varieties (T1- 20% shade; T»- 40% shade;
Ts- 50% field capacity; T4-75% field capacity; Ts- Control; Vi- Black Njavara; V»-

Yellow Njavara)
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Transpiration rate (mmol H20 m2 s)

Vegetative | Panicle | Flowering | Harvesting | Mean %
stage initiation stage stage change
stage over
control
ViT1 3.23 3.45 3.59 1.55 2.96 -20.86
ViT2 1.54 1.66 1.93 1.26 1.60 -57.22
ViT3 1.61 2.00 1.94 1.05 1.65 -55.88
ViTs 1.77 2.57 2.51 1.49 2.09 -44.12
ViTs 3.58 4.34 4.38 2.67 3.74 0.00
VoT1 1.96 1.91 1.99 1.12 1.75 -39.66
VoT2 1.37 1.33 1.70 0.98 1.35 -53.45
V2T3 1.43 0.93 1.34 0.95 1.16 -60.00
V2Ta 1.67 1.58 1.48 1.22 1.49 -48.62
V2Ts 1.87 3.76 3.78 2.17 2.90 0.00
SE(m) 0.197 0.137 0.170 0.134
CD (0.05) 0.572 0.397 0.493 N/A
V1 2.34 2.80 2.87 1.60 2.40
V2 1.66 1.90 2.06 1.29 1.73
SE(m) 0.088 0.061 0.076 0.060
CD (0.05) 0.256 0.178 0.221 0.173
T1 2.60 2.68 2.79 1.33 2.35
T2 1.45 1.49 1.81 1.12 1.47
Ts 1.52 1.47 1.64 1.00 1.41
Ta 1.72 2.08 1.99 1.35 1.79
Ts 2.72 4.05 4.08 242 3.32
SE(m) 0.139 0.097 0.120 0.094
CD (0.05) 0.405 0.281 0.349 0.274

Table 7: Effect of different shade levels and field capacity levels on transpiration rate
(mmol H20 m s) of njavara rice varieties (T1- 20% shade; T»- 40% shade; T3- 50%
field capacity; Ts-75% field capacity; Ts- Control; Vi- Black Njavara; V2- Yellow
Njavara)
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was recorded in treatment T at the above mentioned growth stages (1.54, 1.66 and
1.93 mmol H20 m= s respectively). In case of yellow njavara (V2) the highest
transpiration rate was recorded in T1 at vegetative stage (1.96 mmol H.0 m2s?) and
at Ts in panicle initiation (3.76 mmol H.0 ms?!) and flowering stage (3.78 mmol H,0
m2s?). The lowest rate of transpiration was recorded in treatment T at vegetative
stage (1.37 mmol H,0 m2s™) and T3 at panicle initiation (0.93 mmol H,O m2s™) and

flowering stage (1.34 mmol H.0O m?s™).

Both varieties showed significant variation at all the growth stages studied.
Black njavara (V1) recorded the higher rate of transpiration at all the growth stages
(2.34, 2.80, 2.87 and 1.60 mmol H,O m s respectively). However, the transpiration
rate in yellow njavara (V2) was found lesser at all the stages mentioned above (1.66,
1.90, 2.06 and 1.29 mmol H.0 m2s respectively).

Transpiration rate recorded among the treatments significantly varied at all
growth stages studied. Highest transpiration rate was recorded under control (Ts) at all
the stages studied (2.72, 4.05, 4.08 and 2.42 mmol H,O m2 s respectively). But the
lowest transpiration rate was recoded in treatment 40% shade (T2) at vegetative stage
(1.45 mmol H20 m2s?) and in treatment 50% field capacity (Ts) at panicle initiation,
flowering stage and harvesting stage (1.47, 1.64 and 1.00 mmol HO mws?

respectively).
4.1.2 Biochemical characters
4.1.2.1 Flavonoid content in leaves

The data on total flavonoid content is presented in table 8. Flavonoid content
was found to vary significantly at only flowering stage and non-significant at
vegetative stage, panicle initiation stage and harvesting stage between varieties and
treatments (Table 8). At flowering stage, both black njavara (V1) and yellow njavara
(V2) showed highest flavonoid content under treatment T3 (18.95 and 15.58 mg g* FW
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Flavonoid content (mg g*FW)

Vegetative Panicle Flowering | Harvesting | Mean %
stage initiation stage stage change
stage over
control
ViT1 11.45 12.77 13.18 14.82 13.06 -4.88
ViT2 10.97 11.66 12.07 13.23 11.98 -12.75
ViTs 14.84 16.01 18.95 16.03 16.46 19.88
V1T 12.82 13.71 17.45 15.72 14.93 8.74
ViTs 12.50 12.49 16.62 13.29 13.73 0.00
V2T 11.09 11.79 12.62 13.8 12.33 -2.76
VaT2 10.73 11.61 11.91 10.67 11.23 -11.44
V2Ts 13.29 15.53 15.58 13.69 14.52 14.51
V2T 11.72 12.79 15.02 13.57 13.28 4.73
V2Ts 12.24 12.11 13.79 12.59 12.68 0.00
SE(m) 0.402 0.572 0.315 0.502
CD (0.05) N/A N/A 0.914 N/A
V1 12.52 13.33 15.65 14.62 14.03
V2 11.81 12.77 13.78 12.88 12.81
SE(m) 0.180 0.256 0.141 0.224
CD (0.05) 0.521 N/A 0.409 0.651
T1 11.27 12.28 12.90 14.31 12.69
T2 10.85 11.64 11.99 11.95 11.61
T3 14.06 15.77 17.27 14.86 15.49
Ta 12.27 13.25 16.23 14.69 14.11
Ts 12.37 12.30 15.20 12.94 13.20
SE(m) 0.284 0.404 0.223 0.355
CD (0.05) 0.824 1.173 0.646 1.030

Table 8: Effect of different shade levels and field capacity levels on flavonoid content
(mg g FW) of njavara rice varieties (T1- 20% shade; T2- 40% shade; Ts- 50% field
capacity; T4-75% field capacity; Ts- Control; V1- Black Njavara; V.- Yellow Njavara)
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respectively) and the least content of flavonoid was recorded under treatment T in the
both the varieties (12.07 and 11.91 mg g™* FW respectively).

The flavonoid content within varieties was observed to significantly vary at
vegetative stage, flowering stage and harvesting stage. However at panicle initiation
stage, flavonoid content was found non-significant among the varieties. Variety black
njavara (V1) recorded highest content of flavonoid at vegetative stage (12.52 mg g*
FW), flowering stage (15.65 mg g FW) and harvesting stage (14.62 mg g™t FW) and
the lowest values were recorded for yellow njavara (V2) (11.81, 13.78 and 12.88 mg g°

LFW respectively).

Flavonoid content under different treatments was found to significantly vary at
all the growth stages studied. The treatment 50% field capacity (T3) recorded highest
flavonoid content (14.06, 15.77, 17.27 and 14.86 mg g FW respectively) at all the
four stages studied. The least flavonoid content was observed in 40% shaded condition
(T2) (10.85, 11.64, 11.99 and 11.95 mg g* FW respectively) at all the stages studied.

4.1.2.2 Phenol content

The data on phenol content is presented in table 9. Phenol content between
varieties and treatments was found significantly different at panicle initiation stage and
harvesting stage and both the varieties showed highest content of phenol in the
treatment T3 at panicle initiation stage (V1-2.83 mg g™* FW; V»-1.85 mg g FW) and at
harvesting stage (V1-2.11 mg gt FW; V2-1.76 mg g FW). The lowest phenol content
was recorded in the treatment T both at panicle initiation stage and harvesting stage
(Table 9).

Both varieties showed significant variation in phenol content at all the stages
of growth. Black njavara (V1) recorded higher phenol content (1.87, 1.88, 2.07 and
1.30 mg gt FW respectively) respectively at all the growth stages. But the
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Phenol content (mg g* FW)

Vegetative | Panicle | Flowering | Harvesting | Mean %
stage initiation stage stage change
stage over
control
ViT1 1.39 1.42 1.64 0.96 1.35 -14.56
ViT2 1.34 1.22 1.59 0.87 1.26 -20.25
ViTs 2.64 2.83 2.88 2.11 2.62 65.82
V1T 2.20 2.13 2.42 1.64 2.10 32.91
ViTs 1.76 1.81 1.82 0.91 1.58 0.00
V2T 1.52 1.44 1.37 0.82 1.29 -11.64
VaT2 1.34 1.26 1.12 0.72 1.11 -23.97
V2Ts 1.89 1.85 2.86 1.76 2.09 43.15
V2T 1.85 1.70 2.24 1.01 1.70 16.44
V2Ts 1.47 1.63 1.73 0.99 1.46 0.00
SE(m) 0.149 0.131 0.132 0.044
CD (0.05) N/A 0.381 N/A 0.128
V1 1.87 1.88 2.07 1.30 1.78
V2 1.61 1.57 1.87 1.06 1.53
SE(m) 0.067 0.059 0.058 0.020
CD (0.05) 0.194 0.171 0.172 0.057
T1 1.46 1.43 1.51 0.89 1.32
T2 1.34 1.24 1.35 0.80 1.18
T3 2.27 2.34 2.87 1.93 2.35
Ta 2.02 1.91 2.33 1.33 1.90
Ts 1.61 1.72 1.78 0.95 1.52
SE(m) 0.105 0.093 0.094 0.031
CD (0.05) 0.306 0.270 0.272 0.090

Table 9: Effect of different shade levels and field capacity levels on phenol content
(mg g FW) of njavara rice varieties (T1- 20% shade; T2- 40% shade; Ts- 50% field
capacity; T4-75% field capacity; Ts- Control; V1- Black Njavara; V.- Yellow Njavara)
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corresponding phenol content in yellow njavara (V2) was lesser at the stages mentioned
above (1.61, 1.57, 1.87 and 1.06 mg g* FW respectively).

However, the crop grown at 50% field capacity (T3) recorded significantly
higher content of phenol at all the four stages (2.27, 2.34, 2.87 and 1.93 mg g FW
respectively) than other treatments. But the crop grown in 40% shaded condition (T2)
recorded least content of phenol at all the four stages studied (1.34, 1.24, 1.35 and 0.80
mg gt FW respectively).

4.1.2.3 Chlorophyll content
a) Chlorophyll ‘a’

The data on chlorophyll ‘a’ observed among different varieties and treatments
was significant at vegetative and panicle initiation stage and non-significant at
flowering and harvesting stage (Table 10). At vegetative stage, treatment T4 (1.54 mg
g! FW) in the black njavara (V1) and T3z (1.67 mg g FW) in yellow njavara (V2)
recorded highest content of chlorophyll ‘a’ whereas the lowest value was recorded in
Ts (V1-1.44 mg gt FW; V2-1.01 mg g FW) in both the varieties. Treatment T,
recorded the highest content of chlorophyll ‘a’ at panicle initiation stage in both the
varieties V1 (1.46 mg g* FW) and V2 (1.71 mg g* FW). However lowest values were
recorded in T3 (1.29 and 1.43 mg g* FW) in both the varieties respectively.

Chlorophyll ‘a’ was found significantly different during two growth stages viz.,
panicle initiation stage and harvesting stage. The variety yellow njavara (V2) recorded
highest value of chlorophyll ‘a’ at panicle initiation stage (1.55 mg g* FW) and
harvesting stage (1.25 mg g FW). The corresponding values of chlorophyll ‘a’ for
black njavara (V1) are found lower (1.41 mg g™ FW and 1.13 mg g FW).

There was significant variation in chlorophyll ‘a’ content among different

treatments at all the growth stages studied. At vegetative stage, the treatment 75% field
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capacity (T4) showed highest content of chlorophyll ‘a’ (1.59 mg g* FW) whereas, at
all other three stages the treatment 40% shade (T>) recorded highest value (1.58, 1.47
and 1.35 mg g FW respectively) and the lowest value was recorded in control (Ts) at
the vegetative stage (1.23 mg g FW). But at panicle initiation stage, flowering stage
and harvesting stage the treatment 50% field capacity (T3) recorded lowest content of
chlorophyll ‘a’ (1.38, 1.12 and 0.98 mg g* FW respectively).

b) Chlorophyll ‘b’

Between varieties and treatments, chlorophyll ‘b’ content was found significant
only at vegetative and harvesting stages (Table 10). Black njavara recorded highest
content of chlorophyll ‘b’ in treatment T1 (1.68 mg g™* FW) and the lowest content was
recorded in treatment in T3 (0.59 mg g FW). But in yellow njavara, the treatment T
(1.31 mg g FW) recorded the highest content and the lowest was recorded in treatment
T1 (0.66 mg g* FW) at vegetative stage. But at harvesting stage, T recorded highest
chlorophyll ‘b’ content in both black njavara (1.15 mg g* FW) and yellow njavara
(2.07 mg g FW) varieties. However the least value was recorded in the treatment T
(0.45mg g FW) in case of black njavara and in T4 (0.41 mg g™ FW) in case of yellow

njavara variety.

Chlorophyll ‘b’ content was found significant at only harvesting stage in both
varieties wherein the highest value was recorded in yellow njavara (1.07 mg g FW)
and lowest in black njavara (0.82 mg g* FW).

Chlorophyll ‘b’ content was found significantly different at all the growth
stages studied. However, 40% shaded treatment (T2) recorded highest content of
chlorophyll ‘b’ at all the four stages studied (1.45, 1.86, 1.59 and 1.61 mg g* FW
respectively). But the lowest content of chlorophyll ‘b’ was found at 50% field capacity
(Ts) (0.70, 0.59, 0.41 and 0.44 mg g* FW) respectively at all the stages of study.

79



Chlorophyll content (mg g* FW)

Vegetative stage

Panicle initiation stage

Flowering stage

Harvesting stage

Chl Chl Total Chl Chl | Total Chl Chl | Total Chl Chl Total

‘a’ ‘b’ chl ‘a’ ‘b’ chl ‘a’ ‘b’ chl ‘a’ ‘b’ chli
ViTa 1.49 1.68 3.16 144 | 1.70 3.13 1.43 1.64 | 3.07 1.25 0.90 | 2.15
V1T 1.52 1.59 3.12 146 | 1.62 3.07 1.46 1.40 | 2.86 1.28 1.15 2.43
ViTs 1.48 0.59 2.07 1.29 | 0.55 1.83 1.10 0.41 1.51 0.98 0.45 2.05
V1T, 1.54 | 0.69 2.23 1.44 | 0.63 2.09 1.34 0.78 2.12 0.99 0.68 1.67
ViTs 144 | 0.61 2.05 1.44 | 0.65 2.09 1.49 1.49 | 297 1.17 0.90 | 2.07
V.T1 1.55 0.66 2.21 1.67 | 2.02 3.45 1.43 1.41 2.84 1.45 1.65 3.09
V2T2 1.44 1.31 2.75 1.71 1.62 3.07 1.44 1.78 3.22 1.41 2.07 | 347
V2T3 1.67 0.81 2.47 143 | 0.86 | 2.54 1.14 0.42 1.56 0.98 0.42 1.40
V2T, 1.64 | 0.86 2.50 145 | 0.84 [ 2.55 1.42 0.90 | 2.32 1.10 0.41 1.51
V2Ts 1.01 1.15 2.16 147 | 0.63 2.10 1.45 1.65 3.09 1.34 0.83 2.17
SE (m) 0.056 | 0.120 | 0.143 | 0.053 | 0.141 | 0.156 | 0.056 | 0.156 | 0.184 | 0.050 | 0.108 | 0.121
CD (0.05) 0.163 | 0.350 | 0.416 | 0.153 | N/A N/A N/A N/A N/A N/A | 0.312 | 0.351
Vi 1.49 1.03 2.52 1.41 1.03 2.44 1.37 1.14 | 2.51 1.13 0.82 1.95
V> 1.46 | 0.96 2.42 1.55 1.20 | 2.74 1.37 1.23 2.60 1.25 1.07 | 2.33
SE (m) 0.025 | 0.054 | 0.064 | 0.024 | 0.063 | 0.070 | 0.025 | 0.070 | 0.082 | 0.022 | 0.048 | 0.054
CD (0.05) N/A N/A N/A 10.069 | N/A | 0.202 | N/A N/A N/A ] 0.065 | 0.140 | 0.157
T1 1.52 1.17 2.69 1.56 | 1.62 3.18 1.43 1.53 2.96 1.32 1.27 | 2.59
T2 1.48 1.45 2.93 1.58 | 1.86 3.44 1.47 1.59 3.05 1.35 1.61 2.95
Ts 1.57 0.70 2.27 1.38 | 0.59 1.97 1.12 0.41 1.53 0.98 0.44 1.42
Ts 1.59 0.77 2.36 145 | 074 | 232 1.38 0.84 | 222 1.05 0.54 1.59
Ts 1.23 0.88 2.11 144 | 0.76 | 2.31 1.45 1.57 3.02 1.25 0.87 [ 2.12
SE (m) 0.040 | 0.085 | 0.101 | 0.037 | 0.100 | 0.110 | 0.039 | 0.110 | 0.130 | 0.035 | 0.076 | 0.085
CD (0.05) 0.115 | 0.247 | 0.294 | 0.108 | 0.290 | 0.320 | 0.114 | 0.320 | 0.378 | 0.103 | 0.221 | 0.248

Table 10: Effect of different shade levels and field capacity levels on chlorophyll
content (mg g* FW) of njavara rice varieties (T1- 20% shade; T»- 40% shade; Ts- 50%
field capacity; T4-75% field capacity; Ts- Control; Vi- Black Njavara; V2- Yellow

Njavara)
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c) Total chlorophyll

The data on total chlorophyll is given in table 10. Total chlorophyll content was
observed significantly different between the varieties and treatments only at vegetative
and harvesting stage. Black njavara (V1) showed highest value for total chlorophyll
content under T:1 (3.16 mg g* FW) at vegetative stage and T2 (2.43 mg g* FW) at
harvesting stage. However at vegetative stage, the lowest value was recorded under
treatment Ts (2.05 mg gt FW) and at harvesting stage the lowest value was recorded
under treatment T4 (1.67 mg g FW). But in yellow njavara (V) variety, highest
content of total chlorophyll was recorded in the treatment T, at vegetative and
harvesting stage (2.75 and 3.47 mg g FW respectively). At vegetative stage, the
treatment Ts (2.16 mg g FW) and at harvesting stage the treatment T3 (1.40 mg g*
FW) recorded the lowest value of total chlorophyll content.

At varietal level, total chlorophyll content was found significant only at panicle
initiation and harvesting stages. However at vegetative and at flowering stages, no
significant variation was observed. At panicle initiation stage (2.74 mg g* FW) and
harvesting stage (2.33 mg g FW), the variety yellow njavara (V2) recorded highest
content of total chlorophyll and black njavara recorded the lowest value (2.44 mg g

FW and 1.95 mg g* FW) at panicle initiation and harvesting stage respectively.

Total chlorophyll was found to vary significantly among the treatments at all
growth stages. Treatment T» (40% shaded) showed the highest values for total
chlorophyll content at all the four growth stages (2.93, 3.44, 3.05 and 2.95 mg g* FW
respectively). However, control (Ts) recorded the least total chlorophyll content at
vegetative stage (2.11 mg gt FW) and T3 (50% field capacity) recorded least values of
total chlorophyll content at all other growth stages viz., panicle initiation stage (1.97

mg g FW), flowering stage (1.53 mg g* FW) and harvesting sage (1.42 mg g FW).

4.1.2.4 Proline content
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The proline content between varieties and treatments was found significantly
different at vegetative stage, panicle initiation stage and at harvesting stage. However,
no significant difference was found at flowering stage (Table 11). Black njavara (V1)
recorded highest proline content in the treatment T3 (0.241, 0.419 and 0.348 pg™* FW
at the three above mentioned growth stages respectively). However the least proline
content was recorded at vegetative stage in the treatment Ts (0.151 ug™* FW). But
treatment T1 showed least proline content at panicle initiation stage (0.287 pg? FW)
and harvesting stage (0.258 pg™ FW). In the yellow njavara variety, highest proline
content was recorded in the treatment T3 at vegetative stage (0.215 pg™* FW) and at
panicle initiation stage (0.357 ug™ FW) but at harvesting stage the treatment T (0.350
ugt FW) recorded the highest value. Least proline content was recorded in the
treatment Ts at all the three above mentioned growth stages (0.147, 0.238 and 0.278
ug™ FW respectively).

The data on proline content is found significantly different between the varieties
both at vegetative and panicle initiation stages. But it was found non-significant at
flowering and harvesting stages. Among the different rice varieties, black njavara (V1)
recorded highest proline content at vegetative and panicle initiation stage (0.198 and
0.348 ug* FW respectively) and the corresponding values for yellow njavara (V2) were
found lower (0.183 and 0.300 pg™ FW respectively).

Plants grown at 50% field capacity (T3) recorded significantly higher content
of proline at vegetative stage, panicle initiation stage and flowering stage (0.228, 0.388
and 0.488 pg* FW respectively). But at harvesting stage, the treatment 40% shade (T2)
recorded highest proline content (0.347 pg™* FW) than other treatments. The plants
grown in controlled condition (Ts) recorded least content of proline at vegetative stage
(0.149 pg™* FW) and flowering stage (0.289 ug™* FW). However, at panicle initiation
stage and harvesting stage, the treatment 20% shade (T1) recorded the least proline
content (0.262 and 0.280 ug™* FW respectively).
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Proline content (ug* FW)
Vegetative | Panicle | Flowering | Harvesting | Mean %
stage initiation stage stage change
stage over
control

ViT1 0.207 0.287 0.342 0.258 0.27 0.00
ViT2 0.225 0.350 0.468 0.345 0.35 29.63
ViTs 0.241 0.419 0.540 0.348 0.39 44.44
V1T 0.168 0.346 0.327 0.323 0.29 7.41
ViTs 0.151 0.337 0.320 0.287 0.27 0.00
V2T 0.175 0.250 0.317 0.302 0.26 13.04
VaT2 0.214 0.335 0.438 0.350 0.33 43.48
V2Ts 0.215 0.357 0.436 0.338 0.34 47.83
V2T 0.164 0.320 0.392 0.321 0.30 30.43
V2Ts 0.147 0.238 0.258 0.278 0.23 0.00
SE(m) 0.005 0.012 0.033 0.014
CD (0.05) 0.014 0.035 N/A 0.040
V1 0.198 0.348 0.399 0.312 0.31
V2 0.183 0.300 0.368 0.318 0.29
SE(m) 0.002 0.005 0.015 0.006
CD (0.05) 0.006 0.016 N/A N/A
T1 0.191 0.262 0.329 0.280 0.27
T2 0.219 0.342 0.453 0.347 0.34
T3 0.228 0.388 0.488 0.339 0.36
Ta 0.166 0.333 0.359 0.322 0.30
Ts 0.149 0.294 0.289 0.313 0.26
SE(m) 0.003 0.009 0.023 0.010
CD (0.05) 0.010 0.025 0.067 0.028

Table 11: Effect of different shade levels and field capacity levels on proline content
(Mg FW) of njavara rice varieties (T1- 20% shade; T.- 40% shade; Ts- 50% field
capacity; T4-75% field capacity; Ts- Control; V1- Black Njavara; V.- Yellow Njavara)
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4.1.2.5 Flavonoid content in Grains

The data on flavonoid content in grains is shown in table 12. Flavonoid content

in grains between varieties and treatments was found significantly different. In both

the varieties viz., black njavara (V1) and yellow njavara (V2) the treatment 75% field

capacity (T4) recorded highest flavonoid content in grains (V1-19.48 mg g* grain and

V,-18.56 mg g* grain), followed by treatment 20% shade (V1-17.40 mg g™* grain and

V,-16.78 mg gt grain). However, least flavonoid content in grains was recorded under

treatment 50% field capacity (Ts) in black njavara (16.02 mg g* grain) and under

treatment 40% shade (T2) in yellow njavara (12.79 mg g grain).

Flavonoid content in grain (mg g* grain)

V1 (Black % change V2 (Yellow % change
Njavara) over Njavara) over
control control
T1 17.40 3.82 T1 16.78 26.36
T2 16.11 -3.88 T2 12.79 -3.69
Ts 16.02 -4.42 Ts 14.76 11.14
T4 19.48 16.23 Ta 18.56 39.76
Ts 16.76 0.00 Ts 13.28 0.00
Mean 17.15 Mean 15.23
Variety Treatment Var X Treat

SE(m) 0.297 0.470 0.665
CD
(0.05) 0.884 1.397 1.976

Table 12: Effect of different shade levels and field capacity levels on total flavonoid

content in grain (mg g*) of njavara rice varieties (T1- 20% shade; T2- 40% shade; Ts-

50% field capacity; Ts-75% field capacity; Ts- Control; V- Black Njavara; V2- Yellow

Njavara)
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Flavonoid content in grains was found to significantly vary among the varieties
and in which the variety black njavara (17.15 mg g™* grain) recorded highest flavonoid

content of grains than yellow njavara (15.23 mg g* grain).
4.2 EXPERIMENT-II

4.2.1 Physiological characters

4.2.1.1 Plant height

The data on plant height observed at four different stages of the crop showed
no significant variation between the varieties and treatments (Table 13).

There was significant variation found between both the varieties; black njavara
(V1) and yellow njavara (V2) at panicle initiation stage and harvesting stage. But at
vegetative and flowering stages, plant height was found non-significant between
varieties. At panicle initiation stage and harvesting stage, variety Vi (107.16 and
120.58 cm respectively) recorded highest plant height than V> (103.10 and 115.29 cm

respectively).

The plant height significantly varied under different treatments at all growth
stages studied. The highest plant height was observed under control (T4) (65.03,
109.53, 128.35 and 125.29 cm respectively) at all four growth stages studied. At
vegetative stage, treatment T (UV-B radiation from panicle initiation stage) recorded
the lowest plant height (57.88 c¢cm) whereas, at panicle initiation, flowering and
harvesting stages, the treatment T1 (UV-B radiation from vegetative stage) recorded the
lowest plant height (95.84, 117.99 and 112.07 cm respectively).

4.2.1.2 Leaf Area Index (LAI)

The data on LAI was found to significantly vary between the different varieties
and treatments only at panicle initiation stage. But at vegetative, flowering and
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Plant height (cm)

Vegetative | Panicle | Flowering | Harvesting | Mean %
stage initiation stage stage change
stage over
control
ViT1 60.72 97.86 118.34 113.88 97.70 | -10.85
ViT2 57.95 107.99 121.80 118.18 101.48 | -7.40
ViTs 59.67 111.24 126.65 121.50 104.77 | -4.40
ViTa 66.21 111.56 131.82 128.77 109.59 0.00
VaT1 56.69 93.83 117.48 110.27 94.57 -9.52
V2T2 57.81 106.42 120.76 113.91 99.73 -4.58
V2T3 58.04 104.63 126.12 115.15 100.99 | -3.38
V2T 63.857 107.51 124.88 121.82 104.52 0.00
SEm 1.873 2.254 1.643 1.383
CD (0.05) N/A N/A N/A N/A
V1 61.14 107.16 124.65 120.58 103.38
V2 59.10 103.10 122.31 115.29 99.95
SE(m) 0.936 1.127 0.822 0.692
CD (0.05) N/A 3.407 N/A 2.091
T 58.71 95.84 117.99 112.07 96.15
T2 57.88 107.20 121.28 116.04 100.60
T3 58.85 107.93 126.39 118.32 102.87
Ta 65.03 109.53 128.35 125.29 107.05
SEm 1.324 1.594 1.162 0.978
CD (0.05) 4.004 4.819 3.514 2.958

Table 13: Effect of UV-B radiation on plant height (cm) at different growth stages of

njavara rice varieties (T1- UV-B treatment from vegetative stage; T»- UV-B treatment

from panicle initiation stage; Ts- UV-B treatment from flowering stage; T4- Control,

V1- Black Njavara; V- Yellow Njavara)
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Leaf Area Index (LAI)

Vegetative | Panicle | Flowering | Harvesting | Mean %
stage initiation stage stage change
stage over
control
ViT1 1.04 1.66 1.93 1.37 1.50 -57.98
ViT2 1.04 1.47 2.62 1.94 1.77 -50.42
ViTs 1.08 2.37 3.86 2.58 2.47 -30.81
ViTs 1.26 3.54 5.34 4.14 3.57 0.00
VaT1 0.72 0.98 1.25 1.09 1.01 -66.78
VT2 0.62 1.60 2.19 1.59 1.50 -50.66
V2Ts 0.76 1.87 3.76 2.11 2.13 -29.93
V2Ts 0.69 2.55 5.13 3.79 3.04 0.00
SE(m) 0.133 0.163 0.194 0.163
CD (0.05) N/A 0.494 N/A N/A
V1 1.11 2.26 3.44 2.51 2.33
V2 0.70 1.75 3.08 2.14 1.92
SE(m) 0.066 0.082 0.097 0.081
CD (0.05) 0.201 0.247 0.293 0.246
T 0.88 1.32 1.59 1.23 1.26
T2 0.83 1.54 2.41 1.76 1.64
Ts 0.92 2.12 3.81 2.34 2.30
Ta 0.97 3.04 5.23 3.96 3.30
SE(m) 0.094 0.115 0.137 0.115
CD (0.05) N/A 0.349 0.414 0.348

Table 14: Effect of UV-B radiation on leaf area index at different growth stages of
njavara rice varieties (T1- UV-B treatment from vegetative stage; T»>- UV-B treatment
from panicle initiation stage; Ts- UV-B treatment from flowering stage; T4- Control,

V1- Black Njavara; V2- Yellow Njavara)
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harvesting stages, LAl was found non-significant (Table 14). Both black njavara (3.54)
and yellow njavara (2.55) recorded highest LAl under the control condition (T4) mainly
at the panicle initiation stage. However the lowest LAI was recorded under T» (UV-B
treatment from panicle initiation stage) in black njavara (1.47) and under T: (UV-B

treatment from vegetative stage) in yellow njavara (0.98) at the panicle initiation stage.

There was significant variation found among the varieties at vegetative, panicle
initiation, flowering and harvesting stages (Table 14). Black njavara (V1) recorded
higher LAI (1.11, 2.26, 3.44 and 2.51) than the yellow njavara (V) (0.70, 1.75, 3.08
and 2.14 respectively) at all the four growth stages studied.

The LAI recorded among the treatments significantly varied at panicle initiation
stage, flowering stage and harvesting stage but non-significant at vegetative stage. The
control (T4) recorded highest LAI at panicle initiation stage (3.04), flowering stage
(5.23) and harvesting stage (3.96). Whereas, treatment T; (UV-B radiation from
vegetative stage) recorded the lowest LAI (1.32, 1.59 and 1.23) at the above mentioned

growth stages respectively.
4.2.1.3 Specific Leaf Area (SLA)

Specific leaf area (SLA) was found significantly different among the different
treatments and varieties at all the growth stages studied (Table 15). The variety black
njavara (V1) recorded maximum SLA (364.29, 382.83, 347.77 and 407.47 cm? g?)
under control (T4) at vegetative, panicle initiation, flowering and harvesting stage
respectively. Whereas, the lowest SLA was recoded under treatment Tz (UV-B
treatment from flowering stage) at vegetative stage (273.38 cm? g1). But at panicle
initiation stage (255.18 cm?gt) and harvesting stage (254.44 cm? gt ) the treatment Tz
(UV-B treatment from vegetative stage) recorded the least SLA and the treatment T>
(UV-B treatment from panicle initiation stage) at flowering stage (229.63 cm?g?) in

black njavara. In yellow njavara (V>), the control (T4) recorded the highest SLA at
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Specific Leaf Area (cm?/g)

Vegetative | Panicle | Flowering | Harvesting | Mean %
stage initiation stage stage change
stage over
control
ViT1 298.31 255.18 234.94 254.44 260.72 | -30.58
ViT2 276.43 272.11 229.63 270.59 262.19 | -30.19
ViTs 273.38 302.19 280.42 315.39 292.85 | -22.03
ViTa 364.29 382.83 347.77 407.47 375.59 0.00
VaT1 307.52 242.85 211.28 212.60 243.56 | -26.47
VT2 257.58 264.87 250.39 227.58 250.11 | -24.50
V2T3 281.38 274.22 260.47 240.44 264.13 | -20.27
V2T 312.11 319.38 305.10 388.44 331.26 0.00
SE(m) 3.371 2.061 9.200 2.064
CD (0.05) 10.193 6.231 27.819 6.241
V1 303.10 303.08 273.19 311.97 297.84
V2 289.65 275.33 256.81 267.27 272.27
SE(m) 1.686 1.030 4.600 1.032
CD (0.05) 5.097 3.116 13.910 3.120
T1 302.92 249.02 223.11 233.52 252.14
T2 267.01 268.49 240.01 249.09 256.15
Ts 277.38 288.21 270.44 277.92 278.49
Ta 338.20 351.10 326.44 397.95 353.42
SE(m) 2.384 1.457 6.505 1.459
CD (0.05) 7.208 4.406 19.671 4.413

Table 15: Effect of UV-B radiation on specific leaf area (cm?/g) at different growth

stages of njavara rice varieties (T1- UV-B treatment from vegetative stage; T.- UV-B

treatment from panicle initiation stage; Ts- UV-B treatment from flowering stage; Tas-

Control; V1- Black Njavara; V2- Yellow Njavara)
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vegetative, panicle initiation, flowering stage and harvesting stage (312.11, 319.38,
305.10 and 388.44 cm? glrespectively) and the lowest SLA was recorded under
treatment T, at vegetative stage (257.58 cm? gt). But at panicle initiation, flowering
and harvesting stages, the treatment T recorded the lowest SLA (242.85, 211.28 and

212.60 cm? gt respectively) in yellow njavara.

SLA was found to significantly vary between the varieties at vegetative, panicle
initiation, flowering and harvesting stages (Table 15). The variety black njavara (V1)
recorded higher SLA (303.10, 303.08, 273.19 and 311.97 cm?g'!) than yellow njavara
(V2) (289.65, 275.33, 256.81 and 267.27 cm? g) at all the above mentioned growth

stages respectively.

The SLA was observed to significantly vary among the different treatments
studied (Table 15). Highest value for SLA was observed under control (Ts) at
vegetative stage (338.20 cm? gt), panicle initiation stage (351.10 cm? gt), flowering
stage (326.44 cm? g) and harvesting stage (397.95 cm?gt). However the lowest value
for SLA at vegetative stage, was recorded by the treatment T2 (267.01 cm? g!) and at
panicle initiation, flowering and harvesting stages, by the treatment T (249.02, 223.11
and 233.52 cm? gt respectively).

4.2.1.4 Number of Tillers

The data on number of tillers per plant observed at four different stages of the
crop showed no significant variation between different varieties and treatments (Table
16).

Among the varieties, the number of tillers per plant was found to significantly
vary at panicle initiation stage, flowering stage and harvesting stage and non-
significant at vegetative stage (Table 16). Variety black njavara (V1) recorded more
number of tillers per plant (10.94, 18.22 and 16.69) at panicle initiation, flowering and
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Number of Tillers (per plant)

Vegetative | Panicle | Flowering | Harvesting | Mean %
stage initiation stage stage change
stage over
control
ViT1 7.44 9.00 12.44 11.78 10.17 | -39.17
ViT2 6.67 10.65 15.78 15.22 12.08 | -27.75
ViTs 7.00 10.78 20.55 19.11 1436 | -14.11
ViTa 8.78 13.33 24.11 20.67 16.72 0.00
V2T 7.00 8.67 10.78 9.78 9.06 -41.74
V2T2 6.67 9.64 14.22 12.89 10.86 | -30.16
V2T3 6.78 9.67 20.67 19.00 14.03 -9.77
V2T 7.55 12.553 22.00 20.11 15.55 0.00
SE(m) 0.350 0.512 0.620 0.608
CD (0.05) N/A N/A N/A N/A
V1 7.47 10.94 18.22 16.69 13.33
V2 6.99 10.14 16.98 15.45 12.39
SE(m) 0.175 0.256 0.310 0.304
CD (0.05) N/A 0.774 0.937 0.920
T1 7.22 8.83 11.61 10.78 9.61
T2 6.67 10.17 15.00 14.06 11.48
T3 6.89 10.22 20.61 19.06 14.20
Ta 8.17 12.94 23.06 20.39 16.14
SE(m) 0.247 0.362 0.438 0.430
CD (0.05) 0.748 1.095 1.325 1.301

Table 16: Effect of UV-B radiation on number of tillers per plant at different growth

stages of njavara rice varieties (T1- UV-B treatment from vegetative stage; T.- UV-B

treatment from panicle initiation stage; Ts- UV-B treatment from flowering stage; Tas-

Control; V1- Black Njavara; V2- Yellow Njavara)

91




harvesting stages than the yellow njavara (V2) variety (14, 16.98 and 15.45) at the

above mentioned growth stages respectively.

The number of tillers per plant was found to significantly vary among different
treatments at all the growth stages studied (Table 16). Among the treatments, control
(T4) showed the highest number of tillers per plant (8.17, 12.94, 23.06 and 20.39
respectively) at all the growth stages studied. But the lowest number of tillers per plant
(6.67) was recorded by the treatment T at vegetative stage and by the treatment T
(8.83, 11.61 and 10.78) at panicle initiation, flowering and harvesting stages

respectively.
4.2.1.5 Photosynthetic rate

The data on photosynthetic rate is given in table 17. Photosynthetic rate
between varieties and treatments was found significant at panicle initiation stage and
harvesting stage but non-significant at vegetative stage and flowering stage (Table 17).
At panicle initiation stage and harvesting stage, both varieties viz., black njavara (V1)
(21.80 and 20.73 pumol CO? m?s? respectively) and yellow njavara (V2) (19.27 and
14.97 umol CO? ms respectively) showed highest photosynthetic rate under control
condition (Ts). However, the lowest photosynthetic rate was recorded under the
treatment T1 (UV-B treatment from vegetative stage) both in black njavara (12.17 and
11.63 pmol CO?m2st) and in yellow njavara (10.80 and 10.67 umol CO? m%s?) at the
above mentioned growth stages respectively.

Photosynthetic rate was found significantly different at panicle initiation stage,
flowering stage and harvesting stage but no significant variation was found at
vegetative stage between the varieties. Black njavara (V1) variety recorded higher
photosynthetic rate at panicle initiation stage (16.22 pmol CO? m%st), flowering stage

(16.80 umol CO? m?s™)and harvesting stage (14.38 umol CO? m?st) compared to the
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Photosynthesis rate (umol CO2 m? s?)

Vegetative | Panicle | Flowering | Harvesting | Mean %
stage initiation stage stage change
stage over
control
ViT1 15.00 12.17 11.60 11.63 12.60 -38.75
ViT2 14.57 15.57 14.63 12.43 14.30 -30.48
ViTs 15.30 15.33 18.80 12.70 15.53 -24.50
ViTs 17.57 21.80 22.17 20.73 20.57 0.00
VaT1 19.57 10.80 10.57 10.67 12.90 -30.72
VT2 15.87 16.43 12.23 12.40 14.23 -23.58
V2Ts 17.00 14.93 17.13 12.80 15.47 -16.92
V2Ts 19.30 19.27 20.93 14.97 18.62 0.00
SE(m) 1.602 0.524 0.701 0.616
CD (0.05) N/A 1.586 N/A 1.863
V1 15.61 16.22 16.80 14.38 15.75
V2 17.93 15.36 15.22 12.71 15.31
SE(m) 0.801 0.262 0.351 0.308
CD (0.05) N/A 0.793 1.060 0.931
T 17.28 11.48 11.08 11.15 12.75
T2 15.22 16.00 13.43 12.42 14.27
Ts 16.15 15.13 17.97 12.75 15.50
Ta 18.43 20.53 21.55 17.85 19.59
SE(m) 1.133 0.371 0.496 0.436
CD (0.05) N/A 1.121 1.499 1.317

Table 17: Effect of UV-B radiation on photosynthesis rate (umol CO2 m? s?) at

different growth stages of njavara rice varieties (T:- UV-B treatment from vegetative

stage; To- UV-B treatment from panicle initiation stage; T3- UV-B treatment from

flowering stage; T- Control; Vi- Black Njavara; V- Yellow Njavara)
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yellow njavara (V2) variety (15.36, 15.22 and 12.71 pmol CO? m2s?) at the above

mentioned growth stages respectively.

Photosynthetic rate between the treatments was found significantly different at
panicle initiation stage, flowering stage and harvesting stage but no significant
variation was found at vegetative stage (Table 17). Highest rate of photosynthesis was
recorded in control (Ts) at different stages mentioned above (20.53, 21.55 and 17.85
pumol CO? m2s?t respectively) and the lowest was recorded in treatment T1 (UV-B
treatment from vegetative stage) at panicle initiation stage (11.48 pmol CO? m?2s™?),
flowering stage (11.08 umol CO? m?2s?) and at harvesting stage (11.15 umol CO?> m-

28-1)_
4.2.1.6 Stomatal conductance

Data on stomatal conductance is presented in table 18 and was found to
significantly vary between different treatments and varieties studied during flowering
and harvesting stages. But at vegetative and panicle initiation stages, stomatal
conductance was found non-significant (Table 18). At flowering stage (V1-420.33 mol
H20 mst; V»-373.00 mol H20 m%s1) and at harvesting stage (V1-391.67 mol H.O m-
25°1: V,-371.33 mol H.0 m%s1) the control (T4) recorded highest stomatal conductance
in both the varieties. However the lowest stomatal conductance was recorded in
treatment T1 (UV-B radiation from vegetative stage) both in black njavara (V1) and
yellow njavara (V2) at the flowering stage (259.67 and 243.00 mol H,O m™s
respectively). But at harvesting stage, black njavara (V1) recorded the lowest value
under treatment T1 (237.33 mol H.0 m%s) and yellow njavara (V2) under treatment
T2 (213.67 mol H20 m%s?),

Stomatal conductance within varieties was observed to significantly vary at all
the growth stages studied. Variety black njavara (V1) (259.42, 338.83, 328.17 and

292.42 mol H,0 ms™ respectively) recorded higher stomatal conductance at all the
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Stomatal conductance (mol H20 m?s%?)

Vegetative | Panicle | Flowering | Harvesting | Mean %
stage initiation stage stage change
stage over
control
ViT1 239.67 291.67 259.67 237.33 257.09 -31.97
ViT2 238.33 325.00 265.00 266.67 273.75 | -27.56
ViTs 272.00 326.67 367.67 274.00 310.09 | -17.95
ViTs 287.67 412.00 420.33 391.67 377.92 0.00
VaT1 225.33 271.33 243.00 260.33 250.00 -27.73
VT2 216.67 315.67 251.00 213.67 249.25 -27.95
V2Ts 230.00 305.33 347.67 285.67 292.17 | -1554
V2Ts 259.00 380.33 373.00 371.33 345.92 0.00
SE(m) 8.038 3.851 2.183 1.940
CD (0.05) N/A N/A 6.600 5.866
V1 259.42 338.83 328.17 292.42 304.71
V2 232.75 318.17 303.67 282.75 284.34
SE(m) 4.019 1.926 1.091 0.970
CD (0.05) 12.153 5.823 3.300 2.933
T1 232.52 281.50 251.33 248.83 253.55
T2 227.54 320.33 258.00 240.17 261.51
Ts 251.00 316.00 357.67 279.83 301.13
Ta 273.37 396.17 396.67 381.50 361.93
SE(m) 5.684 2.723 1.543 1.372
CD (0.05) 17.187 8.235 4.667 4.148

Table 18: Effect of UV-B radiation on stomatal conductance (mol H.0 m?2 s?) at

different growth stages of njavara rice varieties (T1- UV-B treatment from vegetative

stage; To- UV-B treatment from panicle initiation stage; T3- UV-B treatment from

flowering stage; Ts- Control; Vi- Black Njavara; V- Yellow Njavara)
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growth stages than the yellow njavara (V2) (232.75, 318.17, 303.67 and 282.75 mol

H,0 ms respectively) at the above mentioned growth stages.

There was significant variation in stomatal conductance among different
treatments at all the growth stages studied. At vegetative stage, flowering stage, panicle
initiation stage and harvesting stages, the control (Ts) recorded highest stomatal
conductance (273.37, 396.17, 396.67 and 381.50 mol H,O ms? respectively).
However, at vegetative stage and harvesting stage, the treatment T recorded the lowest
value of stomatal conductance (227.54 and 240.17 mol H2O ms? respectively)
whereas, at panicle initiation stage and flowering stage, lowest stomatal conductance

was recorded under treatment T1 (281.50 and 251.33 mol H,O ms™ respectively).
4.2.1.7 Transpiration rate

The data on transpiration rate is given in table 19. Transpiration rate between
treatments and varieties was found to significantly vary at vegetative stage, panicle
initiation stage and harvesting stage but non-significant at flowering stage (Table 19).
In black njavara (V1), control (T4) recorded the highest transpiration rate at vegetative
stage (4.55 mmol H.0 m2s), panicle initiation stage (4.38 mmol H,O ms?) and
harvesting stage (3.96 mmol H,O ms™). But the lowest transpiration rate (4.04, 2.32
and 1.46 mmol H20O ms?t) was recorded in treatment T1 (UV-B treatment from
vegetative stage) at the above mentioned growth stages respectively. In case of yellow
njavara (V2) the highest transpiration rate was recorded in treatment T, (UV-B
treatment from panicle initiation stage) at vegetative stage (4.01 mmol H.0 m?s™?) and
at panicle initiation stage (4.12 mmol H.O ms™) but in the control (T4) at harvesting
stage (3.90 mmol H.0 m2s™). However the lowest rate of transpiration was recorded
under control (T4) at vegetative stage (3.81 mmol H.0 ms1) and under the treatment
T at panicle initiation stage (2.20mmol H.0O ms!) and at harvesting stage (1.45 mmol
H20 m?2s?).
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Transpiration rate (mmol H20 m? s?)

Vegetative | Panicle | Flowering | Harvesting | Mean %
stage initiation stage stage change
stage over
control
ViT1 4.04 2.32 2.41 1.46 2.56 -41.95
ViT2 4.39 3.70 2.52 1.98 3.15 -28.57
ViTs 4.11 3.52 3.85 2.07 3.39 -23.13
ViTs 4.55 4.38 4.74 3.96 441 0.00
VaT1 3.97 2.20 2.36 1.45 2.50 -38.57
VT2 4.01 3.32 2.40 1.57 2.83 -30.47
V2T3 4.01 3.87 3.71 2.07 3.42 -15.97
V2Tas 3.81 4.12 4.43 3.90 4.07 0.00
SE(m) 0.113 0.094 0.079 0.037
CD (0.05) 0.340 0.284 N/A 0.111
V1 4.27 3.48 3.38 2.37 3.38
V2 3.95 3.38 3.22 2.25 3.20
SE(m) 0.056 0.047 0.039 0.018
CD (0.05) 0.170 N/A 0.119 0.056
T1 4.00 2.26 2.39 1.46 2.53
T2 4.20 3.51 2.46 1.77 2.99
Ts 4.06 3.69 3.78 2.07 3.40
Ta 4.18 4.25 4.59 3.93 4.24
SE(m) 0.080 0.066 0.056 0.026
CD (0.05) N/A 0.201 0.169 0.079

Table 19: Effect of UV-B radiation on transpiration rate (mmol H.O m s%) at different

growth stages of njavara rice varieties (T1- UV-B treatment from vegetative stage; T»-

UV-B treatment from panicle initiation stage; Ts- UV-B treatment from flowering

stage; Ts- Control; V1- Black Njavara; V- Yellow Njavara)
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Both the varieties showed significant variation at vegetative, flowering and
harvesting stage but was non-significant at panicle initiation stage. Black njavara (V1)
recorded higher rate of transpiration (4.27, 3.38 and 2.37 mmol H,O ms?) than the
yellow njavara (V2) (3.95, 3.22 and 2.25mmol H,O m2s™ 1) at the above mentioned

growth stages respectively.

Transpiration rate recorded among the treatments significantly varied at panicle
initiation stage, flowering stage and harvesting stage. However, at vegetative stage it
was found non-significant. Highest transpiration rate was recorded under control (Ta4)
at panicle initiation, flowering and harvesting stage (4.25, 4.59 and 3.93 mmol H,O m"
251 respectively). But the lowest transpiration rate (2.26, 2.39 and 1.46 mmol H,0 m
25'1) was recorded in treatment T1 (UV-B treatment from vegetative stage) at the above
mentioned growth stages respectively.

4.2.2 Biochemical characters
4.2.2.1 Flavonoid content in leaves

The data on total flavonoid content in leaves is presented in table 20. Flavonoid
content was observed to significantly vary at vegetative stage, flowering stage and
harvesting stage, but non-significant at panicle initiation stage both between varieties
and treatments (Table 20). In black njavara (V1), the treatment Tz (UV-B treatment
from flowering stage) recorded the highest flavonoid content at vegetative stage (14.90
mg g FW) whereas, at flowering and harvesting stages, treatment T1 (UV-B treatment
from vegetative stage) recorded the highest flavonoid content (19.97 and 19.27 mg g*
FW respectively). But the lowest flavonoid content was recorded in control (Ts) at
vegetative stage (11.31 mg g FW), flowering stage (13.41 mg g™t FW) and harvesting
stage (15.47 mg g* FW) in black njavara (V1. In the case of yellow njavara (V2),
highest flavonoid content was recorded by the treatment Tz at vegetative stage (13.07

mg gt FW), by the treatment T at flowering stage (18.08 mg g™t FW) and by the
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Flavonoid content (mg g*FW)

Vegetative | Panicle | Flowering | Harvesting | Mean %
stage initiation stage stage change
stage over
control

ViT1 13.62 17.13 19.97 19.27 17.50 31.68

ViT2 14.48 14.42 17.46 18.75 16.28 22.50

ViT3 14.90 14.55 13.59 17.75 15.20 14.37

ViTs 11.31 12.95 13.41 15.47 13.29 0.00

VaT1 13.01 16.90 18.08 18.68 16.67 36.75

VT2 12.56 13.27 17.30 18.80 15.48 26.99

V2Ts 13.07 13.66 14.41 17.54 14.67 20.34

V2Tas 11.47 12.21 12.44 12.65 12.19 0.00

SE(m) 0.346 0.289 0.348 0.287

CD (0.05) 1.047 N/A 1.053 0.868

V1 13.58 14.76 16.11 17.81 15.57

V2 12.53 14.01 15.56 16.92 14.76

SE(m) 0.173 0.145 0.174 0.144

CD (0.05) 0.523 0.437 0.526 0.434

T1 13.31 17.02 17.38 18.98 16.67

T2 13.52 13.85 19.03 18.78 16.30

Ts 13.98 14.11 14.00 17.64 14.93

Ta 11.39 12.58 12.92 14.06 12.74

SE(m) 0.245 0.205 0.246 0.203

CD (0.05) 0.740 0.618 0.744 0.614

Table 20: Effect of UV-B radiation on flavonoid content (mg g FW) at different

growth stages of njavara rice varieties (T1- UV-B treatment from vegetative stage; T»-

UV-B treatment from panicle initiation stage; Ts- UV-B treatment from flowering

stage; Ts- Control; V1- Black Njavara; V- Yellow Njavara)

99




treatment T, at harvesting stage (18.80 mg g FW). However the lowest flavonoid
content (11.47, 12.44 and 12.65 mg g* FW) was recorded in the control (T4) at the
above mentioned growth stages respectively.

The flavonoid content within the varieties was found to significantly vary at all
the growth stages studied. Black njavara (V1) recorded highest content of flavonoid at
vegetative stage (13.58 mg g* FW), panicle initiation stage (14.76 mg g* FW),
flowering stage (16.11 mg g* FW) and at harvesting stage (17.81 mg g™* FW). However
the lowest values were recorded for yellow njavara (V2) at the above mentioned growth
stages (12.53, 14.01, 15.56 and 16.92 mg g* FW respectively).

Flavonoid content under different treatments were found to significantly vary
at all the growth stages studied. Treatment T3, recorded highest flavonoid content at the
vegetative stage (13.98 mg g FW) whereas, at panicle initiation stage and harvesting
stage the treatment T1 (17.02 and 18.98 mg g™ FW respectively) recorded the highest
flavonoid content. However, at flowering stage, the treatment T2 (19.03 mg g FW)
recorded the highest flavonoid content. But the lowest flavonoid content was observed
in treatment T4 (11.39, 12.58, 12.92 and 14.06 mg g* FW respectively) at the different

growth stages studied.
4.2.2.2 Phenol content

The data on phenol content is presented in table 21. Phenol content between
varieties and treatments was significantly different only at panicle initiation stage. Both
the varieties showed highest content of phenol in the treatment T, (UV-B treatment
from vegetative stage) (V1-1.89 mg gt FW; V2-1.55 mg gt FW) and the lowest phenol
content was observed in the control (T4) (V1-0.69 mg g FW; V2-0.76 mg g™ FW) at
panicle initiation stage.

Both the varieties showed significant variation in phenol content at all the

stages of growth studied. Black njavara (V1) recorded higher phenol content (0.86,
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Phenol content (mg g* FW)

Vegetative | Panicle | Flowering | Harvesting | Mean %
stage initiation stage stage change
stage over
control
ViT1 0.92 1.89 2.92 3.42 2.29 146.24
ViT2 0.84 0.96 1.87 3.09 1.69 81.72
ViTs 0.86 1.02 1.17 2.61 1.42 52.69
ViTs 0.83 0.69 1.00 1.20 0.93 0.00
VoT1 0.83 1.55 2.52 3.14 2.01 125.84
VaT2 0.79 1.01 1.45 2.78 151 69.66
V2Ts 0.78 0.91 1.11 2.47 1.32 48.31
V2Ts 0.68 0.76 0.97 1.13 0.89 0.00
SE(m) 0.053 0.052 0.102 0.098
CD (0.05) N/A 0.158 N/A N/A
V1 0.86 1.14 1.74 2.58 1.58
V2 0.77 1.06 1.51 2.38 1.43
SE(m) 0.026 0.026 0.051 0.049
CD (0.05) 0.079 0.079 0.154 0.148
T1 0.87 1.72 1.66 3.28 1.88
T2 0.82 0.99 2.72 2.94 1.87
Ts 0.82 0.96 1.14 2.54 1.37
Ta 0.76 0.73 0.99 1.17 0.91
SE(m) 0.037 0.037 0.072 0.069
CD (0.05) N/A 0.112 0.218 0.209

Table 21: Effect of UV-B radiation on phenol content (mg g* FW) at different growth

stages of njavara rice varieties (T1- UV-B treatment from vegetative stage; T.- UV-B

treatment from panicle initiation stage; Ts- UV-B treatment from flowering stage; Tas-

Control; V1- Black Njavara; V2- Yellow Njavara)
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1.14, 1.74 and 2.58 mg g* FW respectively) than the yellow njavara (V2) (0.77, 1.06,
1.51 and 2.38 mg g* FW respectively) at all the growth stages studied.

Phenol content under different treatments were found to significantly vary at
panicle initiation, flowering and harvesting stage. But at vegetative stage, the phenol
content was found non-significant among the treatments. Treatment T recorded
highest phenol content at panicle initiation stage (1.72 mg g* FW) and harvesting stage
(3.28 mg gt FW). However at flowering stage, treatment T, (2.72 mg g™* FW) recorded
highest content of phenol. The lowest phenol content was observed under treatment T4
at panicle initiation, flowering and harvesting stages (0.73, 0.99 and 1.17 mg g* FW

respectively).
4.2.2.3 Chlorophyll content
a) Chlorophyll ‘a’

The data on chlorophyll ‘a’ observed among different varieties and treatments
was found significant at panicle initiation stage, flowering stage and harvesting stage
but non-significant at vegetative stage (Table 22). The control (T4) recorded highest
chlorophyll ‘a’ in both the varieties at panicle initiation stage (V1-2.70 mg g FW; V»-
2.68 mg gt FW), flowering stage (V1-2.69 mg g* FW; V2-2.05 mg g FW) and
harvesting stage (V1-2.57 mg g FW; V»-1.77 mg g* FW). Black njavara (V1) recorded
lowest chlorophyll ‘a’ content in treatment T1 (UV-B treatment from vegetative stage)
at panicle initiation stage (2.28 mg g FW), flowering stage (1.30 mg g* FW) and
harvesting stage (1.12 mg g* FW). Similarly yellow njavara (V2) also recorded lowest
chlorophyll ‘a’ content in the treatment T (1.76, 1.13 and 1.21 mg g™ FW respectively)

at the above mentioned growth stages.

Chlorophyll ‘a’ was found significantly different during panicle initiation stage,
flowering stage and harvesting stage whereas, at vegetative stage it was found non-

significant between varieties. The variety black njavara (V1) recorded higher value of
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chlorophyll ‘a’ at panicle initiation stage (2.55 mg g* FW), flowering stage (1.80 mg
gl FW) and harvesting stage (1.56 mg g* FW) than the yellow njavara (V2) (2.14, 1.61
and 1.38 mg gt FW) at those growth stages.

There was significant variation in chlorophyll ‘a’ content among different
treatments at panicle initiation stage, flowering stage and harvesting stage whereas, at
vegetative stage it was found non-significant. Treatment T4 recorded highest
chlorophyll ‘a’ content at the above mentioned growth stages (2.69, 2.37 and 2.17 mg
gl FW respectively). But the lowest chlorophyll ‘a’ content was recorded in the
treatment T1(2.02, 1.22 and 1.16 mg g™* FW respectively) at those growth stages.

b) Chlorophyll ‘b’

Among the varieties and treatments, chlorophyll ‘b’ was found significant only
at flowering stage (Table 22). The control (T4) recorded highest content of chlorophyll
‘b> (1.50 mg g* FW) and the treatment T1 (UV-B treatment from vegetative stage)
recorded the lowest chlorophyll ‘b’ content (0.78 mg g* FW) in black njavara at the
flowering stage. But, the treatment Ty recorded the highest chlorophyll ‘b’ content
(1.14 mg g! FW) and the treatment T3 (UV-B treatment from flowering stage)
recorded the lowest chlorophyll ‘b’ content (0.89 mg g FW) in yellow njavara at

flowering stage.

There was no significant variation observed between both varieties with regard

to chlorophyll ‘b’ content

Chlorophyll ‘b’ content was found to significantly vary at panicle initiation
stage, flowering stage and harvesting stage and at vegetative stage it was found non-
significant. At panicle initiation stage, the treatment T> recorded highest chlorophyll
‘b’ content (1.02 mg g FW) whereas, at flowering and harvesting stages the treatment
Tarecorded the highest chlorophyll ‘b’ content (1.29 and 1.03 mg g FW respectively).

However, lowest chlorophyll ‘b’ content was recorded under treatment T at panicle
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Chlorophyll content (mg g* FW)

Vegetative stage

Panicle initiation stage

Flowering stage

Harvesting stage

Chl Chl Total Chl Chl Total Chl Chl Total Chl Chl Total

‘a’ ‘b’ chl ‘a’ ‘b’ chl ‘a’ ‘b’ chl ‘a’ ‘b’ chl
V1T, 0.93 0.53 1.46 2.28 0.57 2.85 1.30 0.78 2.08 1.12 0.27 1.39
ViT2 0.91 0.49 1.40 2.62 1.11 3.72 1.42 0.90 2.32 1.21 0.31 1.52
ViT3 1.01 0.57 1.58 2.61 0.74 3.35 1.80 0.95 2.75 1.34 0.35 1.69
V1T, 0.98 0.45 1.43 2.70 0.87 3.57 2.69 1.50 4.18 2.57 1.14 3.71
V2T, 0.96 0.55 1.51 1.76 0.65 2.41 1.13 1.14 2.27 1.21 0.34 1.55
V2T2 0.96 0.57 1.53 2.37 0.94 3.30 1.68 0.96 2.64 1.23 0.31 1.54
V2T3 0.86 0.50 1.36 1.77 0.56 2.33 1.58 0.89 2.47 1.31 0.47 1.78
V2T, 1.03 0.64 1.67 2.68 0.82 3.50 2.05 1.09 3.13 1.77 0.93 2.69
SE (m) 0.098 | 0.080 | 0.171 | 0.134 | 0.148 | 0.220 | 0.078 | 0.115 | 0.160 | 0.097 | 0.077 | 0.101
CD (0.05) N/A N/A N/A | 0.406 | N/A N/A ]0.236 | 0.347 | 0.483 ] 0.293 | N/A 0.306
Vi1 0.96 0.51 1.47 2.55 0.82 3.37 1.80 1.03 2.83 1.56 0.52 2.08
V2 0.95 0.57 1.52 2.14 0.74 2.88 1.61 1.02 2.63 1.38 0.51 1.89
SE (m) 0.049 | 0.040 | 0.085 | 0.067 | 0.074 | 0.110 | 0.039 | 0.057 | 0.080 | 0.048 | 0.038 | 0.051
CD (0.05) N/A N/A N/A 10.203 | N/A | 0332 |1 0.118 | N/A N/A 0.146 | N/A 0.153
T1 0.95 0.54 1.49 2.02 0.61 2.63 1.22 0.96 2.18 1.16 0.31 1.47
T2 0.94 0.53 1.47 2.49 1.02 3.51 1.55 0.93 2.48 1.22 0.32 1.53
Ts 0.93 0.54 1.47 2.19 0.65 2.84 1.69 0.92 2.61 1.33 0.41 1.74
T4 1.01 0.54 1.55 2.69 0.84 3.53 2.37 1.29 3.66 2.17 1.03 3.20
SE (m) 0.070 | 0.057 | 0.121 | 0.095 | 0.104 | 0.155 | 0.055 | 0.081 | 0.113 | 0.069 | 0.054 | 0.072
CD (0.05) N/A N/A N/A ]10.287 | 0.316 | 0.470 | 0.167 | 0.245 | 0.342 | 0.207 | 0.165 | 0.216

Table 22: Effect of UV-B radiation on chlorophyll content (mg g* FW) at different
growth stages of njavara rice varieties (T1- UV-B treatment from vegetative stage; T»-
UV-B treatment from panicle initiation stage; Ts- UV-B treatment from flowering
stage; Ts- Control; V1- Black Njavara; V- Yellow Njavara)
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initiation stage (0.61 mg g FW) and at harvesting stage (0.31 mg g* FW). But at
flowering stage, the treatment T3 (0.92 mg g FW) recorded lowest chlorophyll ‘b’

content.
c) Total chlorophyll

The data on total chlorophyll is given in table 22. Total chlorophyll content was
observed significantly different between the varieties and treatments only at flowering
and harvesting stage. Black njavara (V1) showed highest value for total chlorophyll
content under control (T4) at flowering stage (4.18 mg g FW) and at harvesting stage
(3.71 mg g* FW). However in black njavara, lowest total chlorophyll content (2.08 and
1.39 mg g) was recorded under treatment T1 (UV-B treatment from vegetative stage)
at the above mentioned growth stages respectively. But yellow njavara (V2) recorded
the highest total chlorophyll content in control (T4) at flowering and harvesting stage
(3.13 and 2.69 mg g FW respectively). But the lowest total chlorophyll content was
recorded under the treatment T, at flowering stage (2.27 mg g FW) and under T at

harvesting stage (1.54 mg g™ FW).

At varietal level, total chlorophyll content was found significant only at panicle
initiation and harvesting stage. However at vegetative and flowering stages, no
significant variation was observed. At panicle initiation stage (3.37 mg g** FW) and
harvesting stage (2.08 mg g FW), the variety black njavara (V2) recorded highest
content of total chlorophyll and yellow njavara (V2) recorded the lowest value (2.88
mg g* FW and 1.89 mg g FW) at panicle initiation and harvesting stage respectively.

Total chlorophyll was found to vary significantly among the treatments at
panicle initiation stage, flowering stage and harvesting stage. Treatment T4 (control)
showed the highest values for total chlorophyll content at the above mentioned growth
stages (3.53, 3.66 and 3.20 mg g FW respectively). However, treatment T1 (UV-B

treatment from vegetative stage) recorded the least total chlorophyll content at panicle
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initiation stage (2.63 mg g FW), flowering stage (2.18 mg g** FW) and at harvesting
stage (1.47 mg gt FW).

4.2.2.4 Proline content

The proline content between varieties and treatments was found significantly
different only at flowering stage. However, no significant difference was found at
vegetative stage, panicle initiation stage and at harvesting stage (Table 23). At
flowering stage, both black njavara (V1) and yellow njavara (V2) recorded highest
proline content in the treatment T1 (UV-B treatment from vegetative stage) (V1-0.433
ugt FW; V2-0.481 pg* FW). But the control (T4) recorded lowest proline content at
flowering stage in both the varieties (V1-0.194 pg™ FW; V2-0.207 ug™* FW).

The data on proline content is found to significantly vary between different
varieties at all the growth stages studied. Among the different rice varieties, yellow
njavara recorded higher proline content at vegetative, panicle initiation stage, flowering
stage and harvesting stage (0.136, 0.230, 0.354 and 0.341 pg™* FW respectively) than
the black njavara (0.122, 0.211, 0.325 and 0.331 pg* FW respectively) at the above
mentioned growth stages.

Between the different treatments, T4 (0.138 ug™ FW) recorded significantly
higher proline content than other treatments at vegetative stage. Whereas, treatment T
recorded higher proline content at panicle initiation stage, flowering stage and
harvesting stage (0.319, 0.457 and 0.415 pg™ FW respectively). Lowest proline content
was recorded under treatment T; at vegetative stage (0.119 ug™ FW). But at panicle
initiation, flowering and harvesting stages, lowest proline content was recorded under
treatment T4 (0.174, 0.201 and 0.192 ug™ FW respectively).
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Proline content (ug* FW)

Vegetative | Panicle | Flowering | Harvesting | Mean %
stage initiation stage stage change
stage over
control
ViT1 0.114 0.305 0.433 0.412 0.316 | 115.71
ViT2 0.126 0.188 0.390 0.366 0.268 | 91.62
ViTs 0.123 0.190 0.285 0.357 0.239 | 86.91
ViTa 0.124 0.160 0.194 0.191 0.167 0.00
V2T 0.125 0.332 0.481 0.418 0.339 | 117.71
V2T2 0.146 0.201 0.431 0.383 0.290 | 99.48
V2T3 0.119 0.199 0.296 0.369 0.246 | 92.19
V2T 0.152 0.188 0.207 0.192 0.185 0.00
SE(m) 0.007 0.012 0.003 0.006
CD (0.05) N/A N/A 0.011 N/A
V1 0.122 0.211 0.325 0.331 0.247
V2 0.136 0.230 0.354 0.341 0.265
SE(m) 0.011 0.006 0.002 0.003
CD (0.05) 0.004 0.018 0.005 0.009
T1 0.119 0.319 0.457 0.415 0.328
T2 0.136 0.195 0.411 0.374 0.279
T3 0.121 0.195 0.291 0.363 0.243
Ta 0.138 0.174 0.201 0.192 0.176
SE(m) 0.005 0.008 0.002 0.004
CD (0.05) 0.015 0.025 0.007 0.013

Table 23: Effect of UV-B radiation on proline content (ug* FW) at different growth

stages of njavara rice varieties (T1- UV-B treatment from vegetative stage; T.- UV-B

treatment from panicle initiation stage; Ts- UV-B treatment from flowering stage; Tas-

Control; V1- Black Njavara; V2- Yellow Njavara)
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4.2.2.5 Flavonoid content in Grains

The data on flavonoid content in grains is shown in table 24. Flavonoid content

in grains between varieties and treatments was found to vary significantly. In both the

varieties viz., black njavara and yellow njavara, highest flavonoid content in grains was

recorded under treatment T, (UV-B treatment from panicle initiation stage) (V1-28.74

mg gt grain and V2-26.91 mg g* grain). However, the least flavonoid content in grains

was recorded under control (T4) in V1 (22.63 mg g grain) and V2 (21.96 mg g™ grain).

Flavonoid content in grain (mg g?)
[0) 0,
V1 (Black /6 change V2 (Yellow 76 change
Njavara) over Njavara) over
control control
T1 23.04 1.81 T1 23.70 7.92
T2 28.74 27.00 T2 26.91 22.54
T3 25.09 10.87 Ts 23.70 7.92
Ta 22.63 0.00 Ta 21.96 0.00
Mean 24.88 Mean 24.07
Variety Treatment Var X Treat

SE(m) 0.244 0.345 0.488
CD
(0.05) 0.738 1.044 1.477

Table 24: Effect of UV-B radiation on total flavonoid content in grain (mg g?) of

njavara rice varieties (T1- UV-B treatment from vegetative stage; T»>- UV-B treatment

from panicle initiation stage; Ts- UV-B treatment from flowering stage; T4- Control,

V1- Black Njavara; V2- Yellow Njavara)
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Flavonoid content in grains was found to significantly vary among the varieties,
in which variety black njavara (24.88 mg g grain) recorded higher flavonoid content

in grains than yellow njavara (24.07 mg g™ grain).
4.3 EXPERIMENT-III

The treatments which resulted in the highest accumulation of flavonoid content
in grains were selected from experiment 1 (20% shade and 75% field capacity) and
experiment 2 (UV-B radiation treatment from panicle initiation stage) for molecular
analysis of both the varieties in experiment 3 (Table 12 and 24). The protein profiling

and gene expression studies were carried out during grain filling stage of the crop.
4.3.1 Protein profiling

Protein profiling was done by sodium dodecyl sulphate-poly acrylamide gel
electrophoresis (SDS-PAGE) using leaves of both varieties at grain filling stage of the
crop. SDS-PAGE mediated protein profiling showed differential expression of proteins

under different treatments as well as varieties (Plate 7).

The protein profile showed variation in the intensity of 55 kDa and 16 kDa
polypeptides between different treatments and varieties. Those polypeptides
corresponding to large subunit and small subunit of RuBisCO were present in all the
treatments in both the varieties. However, the intensity of those bands were found
higher in 20% shade (T1), 75% field capacity (T2) and control (T4) whereas, under UV-
B radiation treatment from panicle initiation stage (T3) relatively lesser intensity was
exhibited in both the varieties. Among the varieties, black njavara (V1) exhibited more
intense bands of 55 kDa and 16 kDa polypeptides than the yellow njavara (V2) in all
the treatments. The present study showed absence of bands between 55-48 kDa and 25-
17 kDa in both varieties under under UV-B radiation treatment from panicle initiation

stage (T3).
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Plate 7: SDS-PAGE protein profile of the two njavara rice varieties under different
treatments (T1 -20% Shade; T2 -75% field capacity; Ts - UV-B treatment from panicle

initiation stage; T4 - Control)



4.3.2 Gene expression study using RT-PCR

Gene expression analysis using quantitative real-time PCR (qRT-PCR) was
carried out in grains collected during grain filling stage of the crop. Two genes from
flavonoid biosynthetic pathway were selected for the present study viz., chalcone
synthase (CHS) and CYP75B4 (flavanone 3-hydroxylase family) along with Ubiquitin
(UBQ5) gene for internal reference.

4.3.2.1 Isolation of RNA

Total RNA was isolated from grains of both the varieties during grain filling
stage of the crop raised under four different conditions viz., T1 (20% shade), T2 (75%
field capacity), Tz (UV-B treatment from panicle initiation stage) and T4 (control). Two
distinct intact bands at 28S and 18S of rRNA with no apparent degradation were
observed on agarose gel (1.5%) (Plate 8).

4.3.2.2 Quality and quantity of isolated RNA

The quantification of RNA was determined by spectrophotometric method. The
good quality of RNA are referred by Azeo/A2go value between 1.8 and 2. In the present
study good quality of RNA was obtained (Table 25).

4.3.2.3 Preparation and Quality check of cDNA

In the present study cDNA was synthesized using “Thermo Scientific Verso
cDNA Synthesis Kit” following the protocol provided by manufacturers. The cDNA
synthesis was confirmed by standard PCR technique using housekeeping gene UBQ5
with gene specific primer. The amplicon of expected size (100 bp) was obtained

indicating good quality of cDNA synthesized (Plate 9).
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Plate 8: Electrophoresis of total RNA isolated from Black and Yellow njavara varieties
(T1-20% Shade; T»-75% field capacity; T3-UV-B treatment from panicle initiation
stage; Ts-Control; Vi-Black njavara; V2-Yellow njavara)



A Azso/ Am Concentration
260 280 Ratio (Hg / ml)
Black Njavara | TV, 0.025 0.012 2.1 0.60
TV, | 0031 | 0016 1.9 0.74
T.V, 0.029 0.014 2.1 0.70
TV 0.041 0.021 2.0 0.98
Yellow Njavara | T V, 0.027 0.014 1.9 0.65
TV, | 0035 | 0.019 1.8 0.84
T.V, 0.019 0.010 1.9 0.46
TV, 0.034 0.018 1.9 0.82

Table 25: Quality and quantity of total RNA extracted from two njavara medicinal rice
grains under different treatments (T1- 20% Shade; T2- 75% field capacity; T3- UV-B
treatment from panicle initiation stage; Ts- Control; Vi- Black njavara; V- Yellow

njavara)
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Ladder Blank T]_Vl T2V1 T V T4V1 T]_VZ T2V2 T3V2 T V

100bp

Plate 9: Gel profile of the amplicon from cDNA using UBQ5 specific primers (Ladder-
100 bp; T1-20% Shade; T»-75% field capacity; Ts-UV-B treatment from panicle

initiation stage; T4-Control; Vi-Black njavara; V2-Yellow njavara)
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Plate 10: Melt curve analysis under different conditions by qRT-PCR (A-CHS; B-
CYP75B4; C- UBQ5)



4.3.2.4 Analysis of quantitative real-time PCR (QRT-PCR)

The cDNA synthesized (from different treatments of both varieties) were
subjected to qRT-PCR using primers with CHS and CYP75B4 genes along with UBQ5
as reference gene. The melting curve of all three genes have shown single peak
obtained from the three technical replications in different treatments and varieties
(Plate 10).

Differential relative expression of both query genes in grains were seen under
different treatments and in both varieties. In the black njavara (V1), relative expression
of CHS gene was found higher under UV-B treatment from panicle initiation stage (T3)
by 2.93 fold, followed by 75% field capacity (T2) by 1.82 fold compared to control (T4)
(Figure 2). Whereas, treatment 20% shade (T1) recorded low relative expression of
CHS by 0.15 fold compared to control. Relative expression of CYP75B4 was seen up-
regulated in T2 by 3.60 fold followed by T3 by 2.18 fold compared to control in black
njavara. Treatment Ty recorded down-regulation of CYP75B4 by 0.18 fold compared
to control (Figure 2).

In the yellow njavara (V2) relative expression of CHS and CYP75B4 were found
higher in treatment T3 by 2.46 and 2.01 fold respectively, followed by treatment T in
which, relative expression was 0.58 and 0.90 fold for CHA and CYP75B4 respectively
compared to control (Figure 3). Under treatment Ty, relative expression was lower for
both query genes, CHS (0.32 fold) and CYP75B4 (0.76 fold) compared to control
(Figure 3).
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Figure 2: Relative expression of CHS and CYP75B4 under different conditions in
black njavara variety (T1- 20% Shade; T»-75% field capacity; Tz-UV-B treatment from

panicle initiation stage; T4-Control)
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Figure 3: Relative expression of CHS and CYP75B4 under different conditions in
yellow njavara variety (T1- 20% Shade; T»-75% field capacity; Ts-UV-B treatment

from panicle initiation stage; Ts-Control)
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5. DISCUSSION

Rice is the staple food for more than a billion people all over the world and over
thousand varieties are grown around the world. Njavara is a unique rice landrace
described in ancient Sanskrit treatises of Ayurveda for its nutritive and medicinal
properties. Njavara rice is native to Kerala, India, traditionally used as an efficient
health food as well as for external application under Panchakarma treatment. It is used
in wide range of treatments such as diseases related to circulatory, respiratory, digestive
ailments, skin inflammation and other skin related infections. Flavones, a
chemotherapeutic agent belonging to a particular group of flavonoids, occur at higher
concentration in njavara rice and have also shown anti-inflammatory effect in
carrageenan-induced rat paw edema (Mohanlal et al., 2011). The antioxidant properties
of njavara rice also help to maintain the sugar level of diabetic patients (Reshmi and
Nandini, 2013).

Abiotic stresses are the major factors responsible for the production of various
antioxidants and secondary metabolites in plants. Abiotic stresses viz., temperature,
humidity, light intensity, water, CO., ultraviolet light and minerals are found to
enhance the accumulation of almost all classes of secondary metabolites such as simple
and complex phenols, flavonoids as well as different kinds of terpenes and alkaloids
(Akula and Gokare, 2011; Selmar and Maik, 2013). These abiotic factors are widely
used as elicitors to increase the production or to induce de novo synthesis of secondary
metabolites under in vitro systems (Dicosmo and Misawa, 1985). A number of studies
have shown that different kinds of elicitors could increase the secondary metabolite
production in cell, tissue and organ cultures (Sudha and Ravishankar, 2003;
Karuppusamy, 2009). However, depending on the physiological and developmental
stages of plants, the production of secondary metabolites varies greatly and usually
they are produced at very low concentrations (Rao and Ravishankar, 2002).
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In the present study ‘Physiological, biochemical and molecular studies in
medicinal rice (Oryza sativa L.), Njavara, as influenced by abiotic stresses’ was
conducted to elicit information on the physiological, biochemical and molecular
attributes associated to secondary metabolites accumulation due to abiotic stresses viz.,
shade, drought, and UV-B stress in medicinal rice njavara. The results obtained from

the study are discussed in this chapter.
5.1 EFFECT OF SHADE AND DROUGHT ON PHYSIOLOGICAL CHARACTERS

Two types of njavara viz., black and yellow njavara were grown under four
different abiotic stress condition in pot culture (20% shade, 40% shade, 50% field
capacity and 75% field capacity) along with control. Influence of low light and water
deficit conditions on physiological parameters of both the varieties are discussed

below.
5.1.1 Plant height

Plant height is a very important agronomic trait of crops that directly affect crop
architecture, apical dominance, biomass, resistance to lodging and crowding and
ultimately the yield. In the present study, low light and water deficit stresses were found
to differentially affect the plant height in both the varieties. Under shade condition
increase in plant height was recorded and in which maximum increment in plant height
was seen in treatment T2 (40% shade) in the both varieties compared to open condition
(Ts) (Figure 4). Black njavara (V1) recorded increase in plant height by 20.37% and
yellow njavara (V2) by 1.66% under T» treatment compared to control (Table 1).
Similar results were reported in rice by Sunilkumar and Geethakumari (2002) and
Alridiwirsah et al. (2018). According to Schoch (1972) low light stress stimulate rapid
cell division and cellular expansion which in turn lead to an increase in plant height.
Many researchers have reported that the increase in the plant height with increase in

shade levels mainly indicate a phototropic response taking place to modify the
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Figure 4: Effect of different shade levels and field capacity levels on plant height (cm)

of njavara rice varieties (T1- 20% shade; T2- 40% shade; Ts- 50% field capacity; Ts-
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Figure 5: Effect of different shade levels and field capacity levels on leaf area index
(LATI) of njavara rice varieties (T1- 20% shade; T»- 40% shade; T3z- 50% field capacity;

T4-75% field capacity; Ts- Control)



distribution of leaves so as to help the plants to get enough light (Yang et al., 2007;
Wang et al., 2009; Mapes and Xu, 2014).

Drought stress had no negative effect on black njavara (V1) and plant height
was found to increase by 15.34% and 17.19% under T3 (50% field capacity) and T4
(75% field capacity) respectively compared to control (Table 1). But in the case of
yellow njavara (V2), plant height was found to reduce under T3 treatment by 10.51%
compared to control. Whereas, under T4 treatment, plant height was on par with control.
There are many reports in rice indicating that plant height reduced significantly under
water stress conditions (Alghabari and Ihsan, 2018; Kamarudin et al., 2018; Singh et
al., 2018). But in the present study, black njavara (V1) recorded increased plant height
under water stress condition, and this result obtained indicate the tolerance capacity of
black njavara to drought condition (Rani, 2010; Mohanlal, 2011). Reduction in plant
height under drought stress has been reported primarily due to the reduction in cell
turgor, leading to inhibition in cell division, cell elongation and expansion. The
limitation of water was also found to impair the process of mitosis leading to more
senescence (Bhatt and Rao, 2005, Kaya et al., 2006; Hussain et al., 2008; Henry et al.,
2016).

5.1.2 Leaf area index (LAI), Specific leaf area (SLA) and Number of tillers

Leaf surface carry out many important processes which play vital role in a
biogeochemical cycle in the environment and any change in leaf character leads to
changes in plant growth and development (Wright et al., 2004; He et al., 2006). In the
present study leaf characters like LAl and SLA recorded higher values under treatment
T2 (40% shade) in both varieties but between varieties black njavara (V1) recorded
higher values than yellow njavara (V2) (Figure 5 and 6). LAI increased by 26.65% in
variety V1 and 20.02% in variety V> under treatment T. whereas, SLA increased by
15.18% and 13.67% in both varieties respectively under T (Table 2 and 3). Similar
results were reported in other crops like rice (Aumonde et al., 2013), wheat (La et al.,
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2010) and barley (Gunn et al., 1999) also. Many researchers have suggested that
increase in parameters like LAI and SLA help the plants to capture sufficient light and
to have better utilization of available light for the production of photoassimilates
(Evans and Poorter, 2001; Lima et al., 2008). Number of tillers per plant showed a
negative effect under shade treatments (Figure 7). In black njavara, number of tillers
per plant reduced by 32.28% under T1 (20% shade) and 30.80% under T (40% shade)
compared to Ts (control). Similarly in yellow njavara, tillers per plant reduced by
38.03% and 34.68% under T1 and T2 respectively (Table 4). Emmanuel and Mary
(2014) and Ginting et al. (2015) reported that in rice, the number of tillers significantly
decreased with increase in shade levels. Reduction in tiller number under shade
condition may be due to the reason that the tiller buds not growing into productive
tillers due to insufficient photoassimilates (Ginting et al. 2015; Sridevi and
Chellamuthu, 2015).

LAI, SLA and number of tillers per plant reduced under drought treatments and
maximum reduction was observed under treatment T3 (50% field capacity) compared
to Ts (control) in the present study (Figure 5, 6 and 7). In black njavara (V1), LAI, SLA
and tiller number reduced by 48.55%, 17.91% and 46.11% respectively under treatment
T3 (Table 2, 3 and 4). In yellow njavara (V2), LAI (32.80%), SLA (25.82%) and tillers
per plant (47.62%) were also found to be reduced under 50% field capacity (Ts3)
condition compared to control. These results are in agreement with Singh et al. (2018),
who reported that when water stress was given to rice varieties there was significant
decrease in leaf parameters as well as tiller numbers compared to control. Sorkhi and
Fateh (2019) also reported that LAl was found to decrease by 55.96 to 30.57 percent
under drought condition in pinto bean. Changes in leaf morphology are the initial signs
of water deficit condition seen in plants. Under low water situation leaf characters such
as leaf turgor, accumulation of assimilates, emergence rates and leaf temperature get
modified which are important for leaf expansion and leaf elongation (Reddy et al.,
2003; Anjum et al., 2016). Drought condition also disturb processes of cell division
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and cell development which further affect cells and results in reduction in leaf area
(Henry et al., 2016). Anjum et al. (2017) reported that under drought, mortality of

apical part of leaf and increased leaf rolling cause significant reduction in leaf area.
5.1.3 Leaf gas exchange parameters

Leaf gas exchange parameters like photosynthesis, stomatal conductance and
transpiration are highly sensitive to any changes in the environment and even slight
change in light intensity can lead to changes in leaf gas parameters in plants (Yamori
et al., 2016). In the present study, photosynthetic rate, stomatal conductance and
transpiration rate decreased under shade condition compared to control in both the
varieties. But between the varieties, yellow njavara (V2) recoded lowest photosynthetic
rate, stomatal conductance and transpiration rate than black njavara (V1) (Figure 8, 9
and 10). Treatment T2 (40% shade) showed maximum reduction in photosynthetic rate
(40.65%), stomatal conductance (22.98%) and transpiration rate (57.22%) in variety
V1 compared to Ts (control) (Table 5, 6 and 7). In yellow njavara the reduction was
40.31%, 21.39% and 53.45% respectively for the above mentioned parameters under
T, treatment. These findings are in agreement with many reports in different crops such
as rice (Panda et al., 2019), wheat (Acreche et al., 2009), mustard (Zhu et al., 2017),
sorghum (Li et al., 2014) and soybean (Feng et al., 2019). There are several reasons
behind decrease in leaf gas exchange parameters but the primary reason thought is that,
under low light condition closure of stomata take place and the number of stomata per
millimeter decrease which lead to reduction in stomatal conductance and transpiration
(Farquhar and Sharkey, 1982; Liu et al., 2014). Ribulose bisphosphate carboxylase
(Rubisco) activity (which is important enzyme to carry photosynthetic process)
decrease significantly under shade condition (Shi et al., 2006). Shade also changes the
rate of non-photochemical quenching, electron transfer and quantum yield of PS Il

which ultimately affects the photosynthetic efficiency of plants (Jiao and Li, 2001).
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In the present study drought adversely affected the leaf gas exchange
parameters in both varieties. Yellow njavara (V2) was observed more sensitive than
black njavara (V1) towards water deficit condition (Figure 8, 9 and 10). In black njavara
(V1), treatment T3 (50% field capacity) showed maximum reduction in photosynthetic
rate (40.54%), stomatal conductance (29.19%) and transpiration rate (55.88%)
compared to Ts (control) (Table 5, 6 and 7). In yellow njavara (V2), the reduction was
43.40%, 27.52% and 60.00% respectively for the above mentioned parameters under
Ts treatment. There are several other studies also which reported similar results in rice
(Gu et al., 2012; Lauteri et al., 2014; Dhivyapriya et al., 2016; Kumar et al., 2020).
Under water deficit condition, excessive production of abscisic acid takes place which
then translocate to guard cells and promote the closure of stomata and leads to decrease
in stomatal conductance and transpiration rate (Yokota et al., 2002; Fathi and Tari,
2016). Low water status has been reported to decrease the activity of important
photosynthetic enzymes such as Rubisco, PEPCase and NADP-malic enzyme which
also alter the rate of leaf gas exchange parameters (Reddy et al., 2004; Zhou et al.,
2007). Bota et al. (2004) reported that under drought condition, the activity of Rubisco

binding inhibitors increase in the leaves.
5.2 EFFECT OF SHADE AND DROUGHT ON BIOCHEMICAL CHARACTERS
5.2.1 Total flavonoid in leaves and total phenol content

Total flavonoid and total phenol content were found to reduce in both varieties
under shade condition. However, yellow njavara (V1) recorded lowest content of
flavonoid and phenol content than black njavara (V2) (Figure 11 and 12). Flavonoid
content in leaves decreased under T (40% shade) by 12.75% and 11.44% in V1 and V>
respectively compared to Ts (control) (Table 8). Similarly phenol content was also
found to decrease under T, by 20.25% and 23.97% in both the varieties (V1 & V2)
respectively (Table 9). Similar results has been reported by Panigrahy et al. (2019) in
rice. Kumari et al. (2009) reported that under shaded condition the activity of PAL
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Figure 12: Effect of different shade levels and field capacity levels on phenol content
(mg g FW) of njavara rice varieties (T1- 20% shade; T2- 40% shade; Ts- 50% field
capacity; T4-75% field capacity; Ts- Control)



enzyme decreases and the activity (PAL enzyme) increases by high light intensity
conditions. Warren et al. (2003) also demonstrated higher accumulation of phenolic

compounds under high light intensity.

Drought conditions had positive effects on flavonoid content as well as phenol
content in the present study (Figure 11 and 12). Black njavara produced higher content
of flavonoid content and phenol content than the yellow njavara under water deficit
condition. Treatment T3 (50% field capacity) recorded higher flavonoid content in V1
(19.88%) and V- (14.51%) over control (Table 8). Phenol content also was found to
increase under treatment Tz by 65.82% and 43.15% in variety V1 and V2 respectively
(Table 9). These results confirm with the findings in rice (Quan et al., 2016), tomato
(Klunklin and Savage, 2017), Amaranthus (Sarker and Oba, 2018) and Aloe vera
(Habibi, 2018). Flavonoid and phenol act as antioxidants in plant and they can maintain
cell redox status under stressed conditions (Maggi-Capeyron et al., 2001; Yun et al.,
2008). Nakabayashi et al. (2014) demonstrated that in Arabidopsis, under low water
stress, flavonoid content increased and played important role to provide resistance

under stressed conditions.
5.2.2 Chlorophyll content

In the present study, low light and drought stresses were found to differentially
affected chlorophyll content in both the varieties (Table 10). Under shade stress,
chlorophyll content increased in both the varieties (Table 26). In black njavara (V1)
chlorophyll ‘a’ increased under treatment T> (40% shade) by 2.88% compared to
control (Ts). However, increased chlorophyll ‘b’ (62.64%) and total chlorophyll
(25.22%) content were recorded under treatment T1 (20% shade). On contrary to that,
in yellow njavara (V2) chlorophyll ‘a’ (15.91%) content was found to increase under
treatment T1 (20% shade) compared to control. And increased chlorophyll ‘b’ and total
chlorophyll content were recorded under treatment T, (40% shade) (58.88% and
31.51% respectively). Many other researchers have also reported similar results in rice
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crop (Viji et al., 1997; Restrepo and Garcés, 2013; Muhidin et al., 2018). Taiz and
Zeiger (2002) reported that under shade, plants have the ability to enhance the
chlorophyll content by three-four folds with large and thin leaves and this responses of
plants allow them to capture sufficient light required for photosynthesis by maintaining
enough number of photosynthetic antennae in the leaves (Dai et al., 2009). The present
study also revealed that the shade conditions influenced higher chlorophyll ‘b’ content
and lower chlorophyll a/b ratio (Figure 13). However the lower chlorophyll a/b ratio
indicates higher amount of light harvesting chlorophyll binding proteins (Burke et al.,
1979). Previous studies also revealed that the chlorophyll a/b ratio lower in
photosystem-1l1 than photosystem-1 (Thayer and Bjorkman, 1992), suggesting
chlorophyll ‘b’ enriched outer antennae pigments relative to the core complexes of
photosystem-1 and photosystem-I1 (Baig et al., 2005). Reducing the chlorophyll a/b
ratio might be a way to minimize the stress damage by adjusting their pigment

composition in the leaves.

Under water deficit condition, decrease in chlorophyll pigment (chlorophyll ‘a’,
chlorophyll ‘b’ and total chlorophyll) was evident compared to control (Table 10).
Under water deficit condition, both the varieties recorded reduced chlorophyll content
and among the varieties black njavara (V1) recorded maximum reduction than yellow
njavara (V2) (Table 26). Chlorophyll ‘a’, chlorophyll ‘b’ and total chlorophyll reduced
by 12.95%, 45.05% and 18.70% respectively under T3 (50% field capacity) in black
njavara (V1) compared to the control. Similarly in yellow njavara (V2) chlorophyll ‘a’
(0.76%), chlorophyll ‘b’ (41.12%) and total chlorophyll (16.39%) reduced under
treatment T3 (50% field capacity) .There are many studies which reported similar
results in rice crop (Pirdashti et al., 2009; Cha-um et al., 2010; Sikuku et al., 2012).
The primary reasons attributed to the decrease of chlorophyll content in plants under
low water stress are impaired chlorophyll biosynthetic pathway, chlorophyll
degradation, loss of chloroplast membrane and increase in lipid peroxidation (Fu and
Huang, 2001; Maisura et al., 2014; Pandey and Shukla, 2015).
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Chlorophyll content (mg g* FW)

Mean | Mea Mean | Chloro | Chl ‘a’ % | Chl ‘b’ % | Total chl
Chl Chl Total -phyll change change | % change
‘a’ ‘b’ chl alb over over over
ratio control control control
ViT1 1.40 1.48 2.88 0.95 0.72 62.64 25.22
ViT2 1.43 1.44 2.87 0.99 2.88 58.24 24.78
V1T3 121 0.50 1.87 2.42 -12.95 -45.05 -18.70
ViT4 1.33 0.70 2.03 1.90 -4.32 -23.08 -11.74
ViTs 1.39 0.91 2.30 1.53 0.00 0.00 0.00
V2T 1.53 1.44 2.90 1.06 15.91 34.58 21.85
V2T2 1.50 1.70 3.13 0.88 13.64 58.88 31.51
V2Ts 1.31 0.63 1.99 2.08 -0.76 -41.12 -16.39
V2T4 1.40 0.75 2.22 1.87 6.06 -29.91 -6.72
V2Ts 1.32 1.07 2.38 1.23 0.00 0.00 0.00
V1 1.35 1.01 2.36 1.34
V2 1.41 1.12 2.52 1.26
T 1.46 1.40 2.86 1.04
T2 1.47 1.63 3.09 0.90
T3 1.26 0.54 1.80 2.33
Ts 1.37 0.72 2.12 1.90
Ts 1.34 1.02 2.39 1.31

Table 26: Mean of chlorophyll content (mg g* FW) and a/b ratio of njavara rice
varieties (T1- 20% shade; T.- 40% shade; Ts- 50% field capacity; T4-75% field
capacity; Ts- Control; V1- Black Njavara; V2- Yellow Njavara).
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Figure 13: Chlorophyll a/b ratio under different shade levels and field capacity levels
of njavara rice varieties (T1- 20% shade; T»- 40% shade; Tz- 50% field capacity; Tas-
75% field capacity; Ts- Control)
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Figure 14: Effect of different shade levels and field capacity levels on proline content
(Mg FW) of njavara rice varieties (T1- 20% shade; T- 40% shade; Ts- 50% field
capacity; Ts- 75% field capacity; Ts- Control)
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5.2.3 Proline content

In the present study, proline content was found to significantly increase under
shade stress as well as under drought stress treatments in both the varieties compared
to the non-stressed treatments (Figure 14). Under shade stress, the treatment T, (40%
shade) recorded higher proline content in both the varieties (V1-29.63%; V»-43.48%)
compared to control (Ts). However, under T1 (20% shade) proline content was found
on par between black njavara (V1) and yellow njavara (V2) and the increase accounted
to 13.04% compared to the plants grown under 100% light (Ts). Mo et al. (2015) also
reported that in two aromatic rice varieties grown under 67% reduced light, the proline

content was found higher than those grown under the open condition.

Black njavara (V1) recorded higher proline content (44.44%) under T3z (50%
field capacity) than the control (Ts) but under T4 (75% field capacity) the increase was
only 7.41% (Table 11). Similarly, in yellow njavara (V2) higher proline content was
recorded under T3 (47.83%) followed by T4 (30.43) than the control (Ts). Increase in
proline content under drought stress in rice plants has been reported by various
researchers (Chutipaijit et al., 2012; Lum et al., 2014; Kamarudin et al., 2018). Also
there are reports indicating the increase of proline content in plants under vast
environment stresses such as drought, temperature, shade, salinity, UV etc (Rhodes et
al., 2002; Munns, 2005; Sharma and Dietz, 2006). In such conditions proline play an
important role viz., acting as an osmolyte, stabilizing the membranes, maintaining
protein structure, scavenging free radicles and maintaining redox potential of cells
(Hayat et al., 2012; Liang et al., 2013; Ashraf and Foolad, 2007; Chun et al., 2018).

5.2.4 Flavonoid content in grain

Treatment T4 (75% field capacity) recorded significantly increased flavonoid

content in grains of black njavara (16.23%) and yellow njavara (39.76%) followed by
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treatment Ty (20% shade) by 3.82% and 26.36% in both the varieties respectively

compared to control (Table 12).

The present study revealed that, mild stress viz., T1 (20% shade) and T4 (75%
field capacity) could increase the accumulation of flavonoids in grains. But under
severe stress i.e. 40% shade (T2) and 50% field capacity (T3) there was no increase in
the flavonoid content of the grains. This can be attributed to the effect of low light
conditions on restricting the activity of important enzymes like phenylalanine
ammonia-lyase (PAL) and chalcone synthase (CHS) since they are light induced
enzymes (Kumari et al., 2009). However under severe stress, 40% shade (T2) and 50%
field capacity (Ts), the flavonoid content was found higher in leaves (Table 11) and
may have been involved in other functions such as acting as anti-oxidant, maintaining
cell redox status and detoxifying harmful effect of H.O> (Nagah and Seal, 2005; Yun
et al., 2008; Hernandez et al., 2009).

5.2 EFFECT OF UV-B RADIATION ON VARIOUS CHARACTERS

Black njavara and yellow njavara were grown under four different treatments
in ventilated polyhouse. Plants were subjected to UV-B (280-320 nm) radiation for 4
hours per day according to the treatments. The four different treatments included
subjecting the plants to UV-B (280-320 nm) radiation during different critical stages
of plants viz., from vegetative stage, from panicle initiation stage and from flowering
stage till maturity and a control (without UV-B radiation). UV-B radiation was
provided using UV-B fluorescent tubes and the average radiation measured at plant
canopy level was 4 Wm?2. The effect of UV-B radiation on physiological and

biochemical parameters are discussed below.
5.2.1 Physiological characters

Both black njavara and yellow njavara recorded lower plant height under UV-

B radiation treatments compared to control condition. In black njavara (V1), there was
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up to 10.85, 7.40 and 4.40 percent reduction in plant height under T1 (UV-B radiation
treatment from vegetative stage), T. (UV-B radiation from panicle initiation stage and
Ts (UV-B radiation from flowering stage) respectively compared to plants grown
without UV-B radiation (T4) (Figure 15). Similar results were observed in yellow
njavara (V) also wherein the reduction in plant height was 9.52, 4.58 and 3.38 percent
under above mentioned treatments respectively compared to Ts. There are reports
indicating that elevated UV-B radiation has negative influence on plant height in rice
(Mohammed et al., 2007; Wagh and Nandini, 2019), cotton (Kakani et al., 2003),
wheat (Kataria and Guruprasad, 2012), soybean (Liu et al., 2013) and in barley (Jun et
al., 2010).

Leaf area index (LAI) and specific leaf area (SLA) were found to decrease
under elevated UV-B radiation treatments in both varieties. However between the
varieties, black njavara (V1) showed higher LAl and SLA than the yellow njavara (V2)
under elevated UV-B radiation condition (Figure 16 and 17). In black njavara,
maximum reduction in LAl and SLA was found under UV-B radiation from vegetative
stage (T1) (57.98% and 30.58% respectively) followed by UV-B radiation from panicle
initiation stage (T2) (50.42% and 30.19% respectively) and the least reduction was
recorded under treatment UV-B radiation from flowering stage (T3) (30.81% and
22.03% respectively) than control (Ts). Similarly in yellow njavara, maximum
reduction in LAl and SLA was recorded under treatment T: (66.78% and 26.47%
respectively) followed by T (50.66% and 24.50% respectively) and the least reduction
was recorded in Tz (29.93 and 20.27% respectively) than control (T4). The current
findings are in agreement with those reported in green gram (Rajendiran and

Ramanujam, 2003) and A. thaliana (Boeger and Poulson, 2006).

The results on number of tillers per plant indicated significant variation between
varieties and treatments. Among the different treatments, UV-B radiation from

vegetative stage (T1) recorded the least number of tillers per plant followed by
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Figure 16: Effect of UV-B radiation on leaf area index (LAI) at different growth stages
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treatment UV-B radiation from panicle initiation stage (T2) and UV-B radiation from
flowering stage (T3) and the maximum number of tillers was recorded under control
condition (T4) in both the varieties (Figure 18). Between both the varieties, black
njavara produced higher number of tillers per plant under the above mentioned
treatments than yellow njavara (Table 16). In black njavara, tillers per plant reduced
by 39.17%, 27.75% and 14.11% under Ty, T2 and T3 respectively compared to control
(T4). Similarly in yellow njavara, number of tillers per plant under T1, T2 and T3z reduced
by 41.74%, 30.16% and 9.77% respectively compared to control. Similar findings of
decrease in tillers per plant in rice under UV-B radiation have been reported by other

researchers also (Kumagai et al., 2001; Mohammed and Tarpley, 2009, Wagh, 2015).

Reduction in morphological characters like plant height, LAI, SLA and tillers
under UV-B radiation are mainly due to reduction cell division and cell elongation
(Milchunas et al., 2004; De Lima-Bessa et al., 2008; Hectors et al., 2010). It is well
documented that UV radiation is strongly absorbed by proteins leading to changes in
protein structure and loss of functions. Similarly, Zaremba et al. (1984) has reported
that the tubulin protein strongly absorb UV radiation which leads to disruption of
microtubule formation during cell division that might delay the cell division.
Logemann et al. (1995) demonstrated repression of transcription of cell cycle genes
such as Cyclin-dependent kinase 2 (cdk2) and cyclin in UV irradiated suspensions of
Petroselinium crispum cells. There are also reports indicating that the reduction in
morphological traits under UV-B radiation might be attributed to the reduction of IAA
activity and imbalance of hormones via, photo oxidation of plant hormones (Rozema
et al., 2001; Jansen et al., 2002; Hopkins et al., 2002).

5.2.2 Leaf gas exchange parameters

Sunlight is the primary source of energy for plants and any change in quality
and quantity of sunlight can lead to changes in gas exchange parameters like
photosynthesis rate, stomatal conductance and transpiration rate. Under UV-B
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radiation, reduction in rate of photosynthesis was accompanied by decrease in stomatal
conductance and transpiration rate (Figure 19, 20 and 21). This finding is in agreement
with the results obtained by Surabhi et al. (2009) in cowpea, Yu et al. (2013) in rice,
Reddy et al. (2013) in corn and Januskaitiene (2013) in rapeseed. In black njavara, the
treatment UV-B radiation from vegetative stage (T1) recoded lowest photosynthetic
rate, stomatal conductance and transpiration rate (38.75%, 31.97% and 41.95%
respectively) compared to the control (T4). Similarly, a reduction in photosynthetic
rate, stomatal conductance and transpiration rate was recorded under treatment T
(30.72%, 27.73% 38.57% and respectively) in yellow njavara.

Reduction in leaf gas exchange parameters under UV-B radiation is mainly due
to deterioration of processes like photophosphorylation reactions of the thylakoid
membrane, CO»-fixation reactions of the Calvin cycle and stomatal control of CO-
supply (Kataria et al., 2014). In detail, UV-B radiation mainly impairs photosystem-11
(PS-11) through damaging water-oxidizing manganese (Mn) cluster, the reaction
centers of the D1 and D2 protein, quinine electron acceptors and tyrosine electron
donors (Jansen et al., 1998; Vass et al., 2005; Dobrikova et al., 2013). Reduction in
photosynthesis under UV-B radiation is mainly due to the degradation of Rubisco
enzyme under UV-B exposure (Wilson et al., 1995; Yu et al., 2013). UV-B radiation
is strongly absorbed by aromatic amino acid, tryptophan which is present in Rubisco
protein and which leads to degradation of proteins (Hartman and Harpel, 1994; Kataria
et al., 2014). It is also reported that UV-B radiation induce reduction in stomatal
conductance which leads to reduction in CO2 assimilation (Jansen and VVan-Den-Noort,
2000; Lu, 2009; Reddy, 2013). Nogues et al. (1999) demonstrated that the stomatal
closing effect of UV-B radiation was larger on adaxial stomata than abaxial stomata
when equally exposed because adaxial guard cell receive higher UV-B radiation than
abaxial guard cell due to UV-B-adsorbing pigments such as flavonoids, particularly in
the epidermis (Bilger et al., 1997; Allen et al., 1998).
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Figure 20: Effect of UV-B radiation on stomatal conductance (mol H.0 m2 s?) at
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5.2.3 Effect of UV-B radiation biochemical characters

Total flavonoid and phenol content in leaves, which are involved in photo
protection and as antioxidants recorded an increasing trend under UV-B radiation in
both varieties. Flavonoid and phenol content in leaves were found higher in black
njavara (V1) than yellow njavara (V2) under UV-B radiation (Figure 22 and 23). In
black njavara, maximum increment in flavonoid content (31.68%) and phenol content
(146.24%) were found in the treatment with UV-B radiation from vegetative stage (T1)
compared to the control (T4). In yellow njavara, the increment was 36.75% and
125.84% (in flavonoid and phenol content respectively) in the above mentioned
treatment. The present result is in agreement with the finding of Ambasht and Agrawal
(1998); Yuan et al. (2010); Wagh, 2015) in rice. Accumulation of flavonoids and
phenols are key components of acclimation response under UV-B radiation to increase
the capabilities of photo repair and antioxidants in plants. Flavonoid accumulates in
epidermal layer of shoots and leaves on exposure to UV-B radiation and protects cell
components by attenuating the impinging at the epidermis (Braun et al., 1993; Olsson
et al., 1998). Over exposure to UV-B radiation leads to production of reactive oxygen
species (ROS) and associated oxidative damage in plants. Phenols inhibit oxidative
damage to macromolecules in the cells and regulates oxidative status of the cell viz.,
suppressing hydrogen donor and singlet oxygen (Nagah and Seal, 2005; Yun et al.,
2008).

Decrease in chlorophyll pigment content (chlorophyll ‘a’, chlorophyll ‘b’ and
total chlorophyll) was observed during exposure of plants under UV-B radiation in
both the varieties (Table 27). However, black njavara (V1) retained significantly higher
chlorophyll content than yellow njavara (V2) under UV-B radiation. In black njavara,
the highest degradation of chlorophyll ‘a’, chlorophyll ‘b’ and total chlorophyll
(37.02%, 45.71% and 39.64% respectively) were observed under treatment with UV-
B radiation from vegetative stage (T1) than control (T4). Yellow njavara also recorded
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Figure 23: Effect of UV-B radiation on phenol content (mg g'* FW) at different growth
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stages of njavara rice varieties (T1- UV-B treatment from vegetative stage; T.- UV-B
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Chlorophyll content (mg g* FW)

Mean Mea Mean | Chloro | Chl ‘a’ % | Chl ‘b’ % | Total chl
Chl¢‘a’ | Chl‘b’> | Total | -phyll change change | % change
chl alb over over over
ratio control control control
ViT1 141 0.54 1.95 2.62 -37.02 -45.71 -39.64
ViT2 1.54 0.70 2.24 2.19 -31.10 -29.04 -30.49
V1T3 1.69 0.65 2.34 2.59 -24.38 -34.09 -27.31
V1T 2.24 0.99 3.22 2.26 0.00 0.00 0.00
V2T 1.27 0.67 1.94 1.89 -32.80 -22.99 -29.57
V2T2 1.56 0.70 2.25 2.24 -17.13 -20.11 -18.02
VT3 1.38 0.61 1.99 2.28 -26.69 -30.46 -27.75
V2T 1.88 0.87 2.75 2.16 0.00 0.00 0.00
V1 1.72 0.72 2.44 2.39
V2 1.52 0.71 2.23 2.14
T 1.34 0.61 1.94 2.21
T2 1.55 0.70 2.25 2.21
T3 1.54 0.63 2.17 2.44
Ta 2.06 0.93 2.99 2.23

Table 27: Mean of chlorophyll content (mg g* FW) and a/b ratio of njavara rice

varieties (T1- UV-B treatment from vegetative stage; T»- UV-B treatment from panicle

initiation stage; Ts- UV-B treatment from flowering stage; Ts- Control; Vi- Black

Njavara; V2- Yellow Njavara)
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similar results wherein chlorophyll ‘a’ (32.80%), chlorophyll ‘b’ (22.99%) and total
chlorophyll (29.57%) reduced under UV-B radiation treatment from vegetative stage
(T1) than control (T4). There are studies indicating similar results in different plant
species such as rice (Du et al., 2011), Amaranthus tricolor (Kataria and Guruprasad,
2014), jack bean (Choi and Roh, 2003) and medicinal plant ‘Tropaeolum majus’ (Germ
et al., 2015). However some studies have suggested that increase or decrease in
chlorophyll content in response to UV-B radiation depend on the plant species (Sun
and Payn, 1999; Barsig and Malz, 2000). UV-B radiation mainly damage to important
enzymes ‘aminolevulinic acid’ and precursor ‘protochlorophyllide’ involved in
chlorophyll biosynthesis pathway and inhibits the chlorophyll biosynthesis (Boddi et
al., 1995; Marwood and Greenberg, 1996; Ranjbarfordoei et al., 2011). Some reports
indicate that UV-B radiation significantly reduce carotenoid content, which play an
important role in protecting chlorophyll from photo oxidation (Agrawal and Rathore,
2007; Mishra et al., 2008; Cicek et al., 2012). Hence in the present study, reduction in
chlorophyll content under UV-B radiation treatment may be attributed due to the
degradation of carotenoids.

In the present study proline content was observed to significantly vary between
treatments and varieties (Table 23). Among the varieties, yellow njavara (V2) recorded
higher proline content than black njavara (V1) under UV-B radiation treatments (Figure
24). Higher accumulation of proline content was observed under treatment UV-B
radiation from vegetative stage (T1) in black njavara (115.71%) as well as in yellow
njavara (117.71%) than the control (T4). Further, it was followed by treatment UV-B
radiation from panicle initiation stage (T2) and treatment UV-B radiation from
flowering stage (Ts). Fedina et al. (2010) reported that under UV-B radiation, proline
content increased by 78%, 54% and 28% in three rice varieties viz., Norin 1, Surjamkhi
and Sasanishiki respectively compared to control. Saradhi et al. (1995) found that the
accumulation of proline under UV radiation is mainly to protect the cells from
peroxidative damage which serves as an important factor for providing tolerance to UV
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radiation in plants. Salama et al. (2011) reported that there are three possible reasons
which cause accumulation of proline: first, proline synthesis from glutamic acids,
which is dependent on the abscisic acid concentration, second, inhibition of proline
oxidation to other soluble compounds and third, inhibition of protein synthesis.

The data on total flavonoid content in grains clearly showed that UV-B
radiation significantly increased the flavonoid content in grains of both varieties (Table
24). In black njavara (V1), the treatment T» (UV-B treatment from panicle initiation
stage) recorded higher flavonoid content in grains followed by Tz (UV-B treatment
from flowering stage) by 27% and 10.87% respectively compared to control (Ta4).
Whereas least accumulation of flavonoid content in grains (1.81%) was recorded in Ty
(UV-B treatment from vegetative stage). Similarly in yellow njavara (V2), UV-B
treatment from panicle initiation stage (T2) recorded higher flavonoid content in grains
(22.54%) compared to control (T4). However, under UV-B treatment from vegetative
stage (T1) and UV-B treatment from flowering stage (T3) the increment in flavonoid in
grains was same (7.92) in yellow njavara. The biosynthesis of flavonoids in plants due
to increased expression of genes, such as chalcone synthase and phenylalanine
ammonialyase of the phenylpropanoid pathway has been reported and there are many
studies indicating that UV radiation can act as strong elicitor to increase the expression
of these genes (Brosche et al., 2002; Casati and Walbot, 2003; Hideg et al., 2013). In
the present study, treatment T> (UV-B treatment from panicle initiation stage) recorded
highest flavonoid content in grains which revealed that UV-B radiation treatment from
panicle initiation stage has acted as optimum elicitor to accumulate flavonoid in grains.
However, treatment T1 (UV-B radiation from vegetative stage) received higher dose of
UV-B radiation throughout the growing period but could not produce high flavonoid
content in the grains. Which may have been utilized in other functions where it
screened harmful radiation and protected cells and cell organelles and helped in
regulating stress responses by controlling auxin transport (Braun et al., 1993; Olsson
et al., 1998; Winkel-Shirley, 2002).
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5.4 MOLECULAR ANALYSIS

The treatments which resulted in the highest accumulation of flavonoid content
in grains were selected from experiment 1 (20% shade and 75% field capacity) and
experiment 2 (UV-B radiation treatment from panicle initiation stage) for molecular
analysis of both the varieties of njavara rice (black and yellow) in experiment 3 (Table
12 and 24). The plants were grown in pots and subjected to respective treatments and

the results on protein profiling and gene expression studies are discussed below.
5.4.1 Protein profiling

In the present study, SDS-PAGE mediated protein profiling showed differential
expression of leaf proteins in different treatments and varieties at grain filling stage
(Plate 7). There are reports indicating that, UV-B radiation significantly reduced the
expression of polypeptides ranging from 18-24 and 43-55 kDa in rice (Britto et al.,
2011), legumes (Shanthi and Janetta, 2015) and Alaria esculenta (Bischof et al., 2000).
In the present study also, under UV-B radiation treatment from panicle initiation stage
(T3), proteins of molecular weight between 55-48 kDa and 25-17 kDa were found to
either exhibit lesser band intensity or absent in both the varieties. However, treatments
20% shade (T1), 75% field capacity (T2) and control (T4) showed higher intensity of
protein bands at molecular weight of 55 kDa and 16 kDa in both the varieties. UV-B
radiation has been reported to denature proteins and damage nucleic acid which lead to
reduction in the amount of many proteins. The damage to nucleic acids affect synthesis
of proteins such as RuBisCO which constitute about 50% of the total soluble proteins
in plants (Strid et al., 1990). Caldwell (1993) and Kulandaivelu and Noorudeen, (1993)
have reported the loss of 47 kDa polypeptide, due to damage to photosystem-II
complex under UV radiation and similar results were observed in the present study also
in both the varieties under UV-B radiation. Seidler (1994) reported that polypeptides
of molecular weight 23 kDa and 17 kDa are associated with oxygen evolving

machinery (water oxidizing complex). Also there are many investigations which
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indicate that primarily under UV-B radiation, there will be damage to water oxidizing
complex which result in the inactivation of the electron transport chain (Renger et al.,
1989; Vass et al., 1996; Lidon et al., 2012; Kataria et al., 2014).

5.4.2 Gene expression study using gqRT-PCR

Among the many secondary metabolite pathways in plants, flavonoid
biosynthetic pathway is one of the best studied pathways and many important genes
involved have been investigated in response to different stresses (Zhou et al., 2018;
Gharibi et al., 2019; Sharma et al., 2019). In the present study, comparison of
expression patterns of rice flavonoid pathway genes viz., CHS and CYP75B4, in the
seeds (at grain filling stage) of two njavara rice varieties (black and yellow) subjected
to different treatments was carried out. Both the genes (CHS and CYP75B4) were
expressed predominantly under T3 (UV-B radiation treatment from panicle initiation
stage) and T2 (75% field capacity) and the least expression was found under T1 (20%

shade) condition in both the varieties (Figure 2 and 3).

Chalcone synthase (CHS) is the first enzyme in flavonoid biosynthetic pathway
and later CHI (Chalcone isomerase) catalyze chalcone to naringenin, which is then
converted into other flavonoid compounds under series of actions of different enzymes.
Similarly, CYP75B4 (F3’H gene family) play an important role in the production of
different types of flavonoids specifically ‘tricin’ also. Park et al. (2016) reported that
F3’H (Flavonoid 3’-hydroxylase) helps to add different types of flavonoids. Lam et al.
(2015) reported that the rice CYP75B4 mutants were unable to produce tricin whereas,
transgenic Arabidopsis with CYP75B4 accumulate flavones ‘tricin’ and concluded that
CYP75B4 also catalyzes 5’-hydroxylation of 3’-methoxylated flavone chrysoeriol to
form selgin and later selgin gets converted into tricin with the help of O-
methyltransferase. Vasquez-Robinet et al. (2008) in potato and Ma et al. (2014) in
wheat reported that CHS and F3°H (Flavonoid 3’-hydroxylase) had higher expression
during the period of drought stress. Also, Ryan et al. (2002) in Petunia and Casati and
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Walbot, (2003) in maize showed higher expression of flavonoid biosynthesis genes

under UV-B radiation treatment.

The present study also revealed that the expression of CHS and CYP75B4
(F3’H gene family) were very low under treatment 20% shade (T1) compared to
control. Similar findings were reported in rice (Chen et al., 2013), tea plant (Liu et al.,
2018) and Syringa oblata (Liu et al., 2019). This results may be due to the different
regulatory networks of individual gene activities in rice grain such as PAL and CHS
genes in requirement for light exposure (Wu et al., 2016; Liu et al., 2017). Also in the
present experiment, expression of both the (CHS and CYP75B4) were found higher in
black njavara (V1) than the yellow njavara (V2). There are several studies indicating
that the expression of important genes involved in flavonoid biosynthesis is higher in
pigmented rice (like black, red and brown rice) than normal white rice (Chen et al.,
2013; Park et al., 2016; Poulev et al., 2019). This may be due to the reason that in
pigmented rice grains, most of the flavonoids are derived from 3°4’-dihydroxylated
leucocyanidin, (which is derived from 4'-hydroxylated leucopelargonidin) and is
absent in pigmented rice, which implies that the activity of F3’H (Flavonoid 3’-

hydroxylase) is prominent in pigmented rice grains (Park et al., 2016).
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6. SUMMARY

Rice is the basic food for more than a billion people all over the world. There
are several different medicinal varieties of rice being cultivated and used in various
parts of the world. Njavara rice (a medicinal rice) indigenous to Kerala, India, is a
unique grain plant in the Oryza genus and has been cultivated over 2500 years. The
ancient Ayurvedic texts mentioned detail information about nutritional, medicinal
qualities and use of Njavara especially in Panchakarma treatment in “Njavara Kizhi”
and “Njavara Theppu”. It is used in the treatment of various diseases related to
circulatory, respiratory and digestive ailments in traditional medicine. The isolated
flavonoid compound from njavara rice have shown good antioxidant activity and anti-
inflammatory effect in carrageenan-induced rat paw edema. The antioxidant properties
of njavara rice also help to maintain the sugar level of diabetic patients. Recently, it is
reported that njavara rice has got anti-cancer properties too. Also an anti-cancer gene
associated with ‘Bowman-Brisk trypsin inhibitor protein’ has been identified in njavara

rice.

Abiotic stresses viz., temperature, humidity, light intensity, water, COa,
ultraviolet light and minerals are found to enhance the accumulation of almost all
classes of secondary metabolites such as simple and complex phenols, flavonoids as
well as different kinds of terpenes and alkaloids. These abiotic factors are widely used
as elicitors to increase the production or to induce de novo synthesis of secondary
metabolites under in vitro system. A number of studies have shown that different kinds
of elicitors could increase the secondary metabolite production in cell, tissue and organ
culture. However, depending on physiological and developmental stages of the plant,
the production of secondary metabolites varies greatly. Thus, the present study was
proposed to understand physiological, biochemical and molecular attributes associated

to secondary metabolites accumulation due to abiotic stresses viz., shade, drought and
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UV-B stress in medicinal rice njavara. The study consisted of three separate

experiments.

Experiment one was a pot culture study laid out in CRD with two varieties of
njavara rice and five treatments. The study included a combination of two levels of
shade stress (20% shade and 40% shade), two levels of water deficit stress (50% field
capacity and 75% field capacity) and a control. The observations were taken at different
critical stages of the crop viz., vegetative stage, panicle initiation stage, flowering stage
and harvesting stage. The results revealed that the morphological characters such as
plant height, leaf area index and specific leaf area were higher under 40% shade (T2)
whereas, under 50% field capacity (T3), they were found to be highly reduced in both
varieties. However, number of tillers per plant was reduced under shaded and water
deficit conditions compared to control. Photosynthetic rate, stomatal conductance and
transpiration rate were found to significantly reduce at all growth stages studied under
shade and water deficit condition compared to the control and the maximum reduction
was recorded under 50% field capacity (T3) followed by 40% shaded condition (T>)
compared to the control (Ts). Among the varieties, yellow njavara recoded lowest
photosynthetic rate, stomatal conductance and transpiration rate than black njavara.
The biochemical characters, like chlorophyll content (chlorophyll ‘a’, ‘b’ and total
chlorophyll) was found higher under 40% shaded condition (T>) at all growth stages
studied in both the varieties. However, shade conditions exhibited lower chlorophyll
a/b ratio and higher chlorophyll ‘b’ content. Flavonoids and phenol content of leaves
were found higher under 50% field capacity (T3) and lower under 40% shade (T2)
condition at all the growth stages studied. The proline content was found to
significantly increase under both shade and water deficit treatments in both the
varieties. The total flavonoid content in the grains was found higher under treatment
75% field capacity (T4) in black njavara (16.23%) and yellow njavara (39.76%)
followed by treatment 20% shade (T1) by 3.82 percent and 26.36 percent in both the

varieties respectively compared to control.
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The second experiment was carried out in pot culture in CRD with four
treatments. The crop was subjected to UV-B (280-320 nm) radiation with the help of
UV-B fluorescent tubes during the different critical stages of the crop i.e. from
vegetative stage, from panicle initiation stage and from flowering stage till harvesting
in ventilated polyhouse. The UV-B tubes were switched on for 4 hours daily from 10
am to 2 pm and the average intensity of UV-B radiation at the canopy level of plants
was maintained at 4 Wm2. The control was maintained in another compartment of
polyhouse without UV-B tubes. The results showed that the morphological characters
viz., plant height, leaf area index, specific leaf area and tiller number reduced
significantly under UV-B radiation treatment and the maximum reduction was
observed in treatment T1 (UV-B treatment from vegetative stage) in both the varieties.
Leaf gas exchange parameters viz., photosynthetic rate, stomatal conductance,
transpiration rate and chlorophyll content decreased significantly under UV-B
radiation treatments compared to the treatment without UV-B radiation. However
flavonoid, phenol and proline contents which are having protective function to UV-B
radiation were found to increase under all UV-B treatments. The accumulation of total
flavonoid in grains was found significantly higher in UV-B radiation treatments in both
the varieties. In black njavara (V1), the treatment T, (UV-B treatment from panicle
initiation stage) recorded highest increase in flavonoid content (27%) compared to
control (T4). Similarly, in yellow njavara, flavonoid content in grains increased by

22.54 percent compared to control (Ta).

The experiment three was conducted with three treatments selected based on
the accumulation of flavonoids in grains from experiment 1 (20% shade and 75% field
capacity) and experiment 2 (UV-B radiation treatment from panicle initiation stage).
The protein profiling and gene expression studies were carried out during grain filling
stage of the crop. SDS-PAGE mediated protein profiling showed differential
expression of leaf proteins in different treatments and in the treatment Tz (UV-B

radiation from panicle initiation stage), proteins of molecular weight between 55-48
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kDa and 25-17 kDa were found to either exhibit lesser band intensity or absent in both
the varieties. However, treatments 20% shade (T1), 75% field capacity (T2) and control
(T4) showed higher intensity of protein bands of molecular weight 55 kDa and 16 kDa
in both the varieties. In the present study, comparison of expression patterns using gRT-
PCR of rice flavonoid pathway genes (CHS and CYP75B4) in the seeds (at grain filling
stage) of both the njavara rice varieties was carried out. The results revealed that the
expression of both CHS and CYP75B4 genes were higher in black glumed njavara than
the yellow glumed njavara. Among the different treatments, in Tz (UV-B radiation
treatment from panicle initiation stage) and T2 (75% field capacity) both these genes
were over expressed. However in T1 (20% shade) both the genes (CHS and CYP75B4)

were down regulated in both njavara rice varieties.

The present results revealed that, based on growth, physiological and
biochemical characters, black njavara performed better under different combination of
stresses than the yellow njavara. This result also reflected on the accumulation of
flavonoids in grains in which black njavara grains recorded higher flavonoid content
compared to yellow njavara grains. However chlorophyll content and proline content
were found to have negative influence on the flavonoid content of grains, which were
higher in yellow njavara as compared to black njavara. Further, this results were also
confirmed by molecular analysis. SDS-PAGE mediated protein profiling showed
higher intensity of protein bands in black njavara compared to yellow njavara.
Expression patterns using qRT-PCR of rice flavonoid pathway genes were also found
higher in black njavara. Based on the current results it is concluded that, the black
glumed njavara performed better than yellow glumed njavara under all the stress
conditions studied and can be exploited better for its therapeutic value. Application of
mild stress levels viz., water deficit (75% field capacity) or UV-B radiation treatment
from panicle initiation stage may be utilized to enhance the medicinal quality of this

crop.
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APPENDIX I
Preparation of stock solution for SDS-PAGE

A) Acrylamide/Bis-Acrylamide stock (30%) (100ml):

Acrylamide 29.2 g

Bis-Acrylamide 08¢

B) Tris-HCI buffer stock, 1.5 M (pH 8.8) (100ml):

Tris-HCL 3.69¢g

Tris base 15.39¢g

C) Tris-HCI buffer stock, 0.5 M (pH 6.8) (100ml):

Tris-HCL 780

Tris base 045¢

D) Sample buffer:

Bromophenol blue 5mgin 1 ml D/W (0.5 ml taken)
0.5M Tris-HCIpH 6.8 | 2ml

SDS 05¢

Glycerol 1ml

2-mercaptoethanol 7.013 mlin 1 ml D/W (0.5 ml taken)

E) Electrode buffer (pH 8.3) (1 L):

Tris base 3.03¢g

Glycine 14.4 g

SDS 1g




APPENDIX 11

A) Resolving gel (12%) (10 ml):

30% acrylamide stock 3.3ml
1.5 M Tris-HCL (pH 8.8) 2.5 ml
10% SDS 100 pl
Distilled water 3.99 ml
10% APS 100 pl
TEMED 10 pl
B) Stacking gel (5%0) (3 ml):
30% acrylamide stock 510 pl
0.5M Tris-HCL (pH 6.8) | 750 pl
10% SDS 30 pl
Distilled water 1.66 ml
10% APS 40 pl
TEMED 7l




APPENDIX 111

A) Staining solution (0.1%) (100 ml):

Coomassie brilliant blue R-250 | 0.1g
Glacial acetic acid 10 ml
Methanol 40 ml
Distilled water 50 ml

B) Staining solution (0.1%0) (100 ml):

Glacial acetic acid 10 ml
Methanol 40 ml
Distilled water 50 ml

APPENDIX IV

10x TBE (Tris borate ethylenediaminetetraacetic acid) pH 8.0:

Tris base 108 g
Boric acid 54 g
0.5MEDTA 40 ml
DEPC treated water UptollL
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Abstract

The study entitled “Physiological, biochemical and molecular studies in
medicinal rice (Oryza sativa L.), Njavara, as influenced by abiotic stresses” was
conducted during 2015 to 2019 at the Department of Plant Physiology, College of
Agriculture, Vellayani, Thiruvananthapuram. The objective of the study was to elicit
information on the physiological, biochemical and molecular attributes associated to
secondary metabolites accumulation due to abiotic stresses viz., shade, drought and
UV-B stress in medicinal rice Njavara. The study was conducted as three different

experiments with black glumed and yellow glumed njavara.

Experiment one was a pot culture study laid out in Completely Randomized
Design (CRD) with two varieties and five treatments. The study included a
combination of two levels of shade stress and two levels of water deficit stress and a
control with four replications and with three pots in each replication. The observations
were taken at different critical stages of the crop viz., vegetative stage, panicle initiation
stage, flowering stage and harvesting stage. The results revealed that the morphological
characters such as plant height, leaf area index and specific leaf area were higher under
40% shade whereas under 50% field capacity, they were found to be highly reduced.
Number of tillers per plant was higher under control (Ts) compared to shaded and water
deficit conditions. Leaf gas exchange parameters viz., photosynthetic rate, stomatal
conductance and transpiration rate were lesser under both experimental conditions
compared to the control. However maximum reduction of leaf gas exchange parameters
were recorded at 50% field capacity (Ts) followed by 40% shaded condition (T2)
compared to the control (Ts). Among the biochemical characters, maximum
chlorophyll content was found under 40% shaded condition (T2). The biochemical
parameters such as flavonoid, phenol and proline content of leaves were found higher

under 50% field capacity (T3) at all the growth stages studied. The total flavonoid



content in the grains was found higher under 75% field capacity (T4) followed by 20%

shade treatment (T1) in both the varieties.

The second experiment was carried out in pot culture in CRD with four
treatments, three replications and four pots per replication. The crop was subjected to
UV-B (280-320 nm) radiation with the help of UV-B fluorescent tubes during the
different critical stages of plants i.e. from vegetative stage, from panicle initiation stage
and from flowering stage till harvesting in ventilated polyhouse. The UV-B tubes were
switched on for 4 hours daily from 10 am to 2 pm and the average intensity of UV-B
radiation at the canopy level of plants was maintained at 4 Wm. The control was
maintained in another compartment of polyhouse without UV-B tubes. The results
indicated that the morphological characters viz., plant height, leaf area index, specific
leaf area and tiller number reduced significantly under UV-B radiation treatment and
the maximum reduction was observed in treatment T1 (UV-B treatment from vegetative
stage). Leaf gas exchange parameters as well as chlorophyll content decreased
significantly under UV-B radiation treatments compared to the treatment without UV-
B radiation. However flavonoid, phenol and proline contents of leaves were found to
increase under UV-B treatments (T, T2 and T3). The accumulation of total flavonoid
in grains was found significantly higher in treatment T, (UV-B radiation treatment

given from panicle initiation stage) in both the varieties.

The treatments which resulted in the highest accumulation of flavonoid content
in grains were selected from experiment 1 (20% shade and 75% field capacity) and
experiment 2 (UV-B radiation treatment from panicle initiation stage) for molecular
analysis in experiment 3. Protein profiling was done in leaves using SDS-PAGE in
which, there was variation in the intensity of large subunit (55 kDa) as well as small
subunit (16 kDa) of RuBisCO, between the varieties and the treatments. The intensity
of those bands were found higher in 20% shade (T1), 75% field capacity (T2) and

control (T4) whereas under UV-B radiation treatment from panicle initiation stage (T3)



relatively lesser intensity was exhibited. Gene expression study in grains using gRT-
PCR revealed relatively higher expression of chalcone synthase (CHS) and CYP75B4
genes in black glumed njavara (V1) than the yellow glumed njavara (V2) variety. Also
the gene expression study revealed that both the genes were over expressed under T3
(UV-B radiation treatment from panicle initiation stage) and T» (75% field capacity).
But both the genes (CHS and CYP75B4) were found down regulated under T1 (20%

shade) condition.

The present study revealed that the flavonoid content in grains is higher in black
njavara (V1) compared to yellow njavara (V2). The study also indicated that the various
parameters studied viz., growth, physiological and biochemical were found to have
positive influence on the flavonoid accumulation of grains. But the chlorophyll content
was found to have negative influence on the flavonoid content of grains. Proline
content was less in black njavara (V1) under UV-B radiation compared to yellow
njavara (V2). Based on the present study it is concluded that the black glumed njavara
performed better than yellow glumed njavara under all the stress conditions studied
and can be exploited better for its therapeutic value. Application of mild stress levels
viz., water deficit (75% field capacity) or UV-B radiation treatment from panicle

initiation stage may be utilized to enhance the medicinal quality of this crop.



