CHAPTER I

INTRODUCTION

Rice (Oryza sativa L.) production in Bangladesh commands vast economic significance across multiple sectors and socioeconomic factors. Rice is Bangladesh's main crop and staple food, dominating agricultural production, employment, nutritional intake, and contributing substantially to national income. Bangladesh has ranked third globally in rice production for the fifth consecutive year with a projected output of 38.9 million tons in 2023-2024 which was 1.8 % increased over previous year (FAO 2023). Rice is one of the most important crops, being a staple food for half of the world population. It is produced annually at worldwide levels of more than 600 million tons and will be more than 800 million tons as early as 2025 (Green et al. 2005). Among the other major cereals, more than 90 % of rice is consumed by human (Tuteja et al. 2012). 
Approximately, half of the world’s population derives a significant proportion of their caloric intake from rice consumption. Rice sector contributes one-half of the agricultural GDP and one-sixth of the national income in Bangladesh (BRRI 2018). Bangladesh has a large agrarian base with 76 % of total population living in the rural areas and 90 % of the rural population directly related with agriculture. The current world population of 7.6 billion is expected to reach 8.6 billion in 2030, 9.8 billion in 2050 and 11.2 billion in 2100 according to a new United Nations report being launched (UN 2017). However, she faces a tremendous challenge for providing food security to the increasing population. Therefore, it is imperative to increase rice production in order to meet the growing demand for food emanating from population growth.
Rice is sensitive to chilling at early stages of seedling establishment. Cold stress at seedling stage is a major constraint in Boro (winter) rice production (Priyanka and Jaiswal 2017). Cold stress at the early stages of development results in poor germination and growth. Rice, exposed to cold stress at the vegetative stage, shows symptoms like yellowing of leaves, lower stature, and decreased tillering (Zhang et al. 2014). The effect of low temperature stress on rice seedlings responses depends not only on lack of warmth and sufficient soil water, but also on the microclimatic environments especially sudden low temperature below 10 °C and foggy weather in which the plant grows and develops, and the duration and severity of low temperature. 
Cold stress, which can be classified as chilling (0 °C to 15 °C) and freezing (Zhu et al. 2007). Low temperature stress, among all the abiotic stresses in the global environment, probably the most important in determining seedling growth and ultimate productivity. The effect of low temperature upon seedling growth is very much depend upon the timing and duration of stress. Given its complex biochemical nature, the physiological and genotypic basis of adaptive responses must rely on intricate mechanisms that integrate stress responses and developmental processes. However, the mechanism for the effects of low temperature stress on growth and accompanying metabolic and molecular changes remains still unclear.
Low temperature is an important abiotic stress that limits the growth, productivity, and geographical distribution of agricultural crops and can lead to significant crop loss (Bohnert et al. 1995; Chinnusamy et al. 2007; Guy et al. 2008). To cope with low temperature, plants have evolved a variety of adaptive mechanisms that allow them to protect from the adverse conditions (Bressa et al. 2009; Lie et al. 2012). This adaptive process involves a number of biochemical and physiological changes, including increased levels of proline, soluble sugars, and MDA, as well as enzyme activities. Low temperature stress can influent plant photosynthesis and decrease the utilization of light (Glaszman et al. 1990; Wu et al. 1997). 
Bangladesh is the most vulnerable to climate change for its physiographic location. Presently Bangladesh is facing extreme weather like, longer winter, chilling cold, hot and higher temperature during summer, uneven precipitation during monsoon and other season, frequent storm, cyclone, tornado, strong western wind. The climate of different regions of Bangladesh are changing especially shifted to longer and chilled winter and warmer in summer. The Northwest Bangladesh is more prone to climate change effect. These effects are mostly related with food production resulted in threatening to food security in Bangladesh. Currently, rice is the second most consumed cereal in the world and production losses caused by extreme temperature events in the context of major climatic changes can have major impacts on the world economy (Freitas et al. 2019). 
Although rice, is one of the world’s most important crops consumed as a major part of the diet (Fairhurst and Dobermann 2002), it is sensitive to cold compared to the temperate crops such as wheat and barley, due to its origin and adaptation for cultivation in tropical and subtropical regions of the world. Northern district of Bangladesh i.e., Dinajpur, Panchagarh, Rangpur, Kurigram, Thakurgaon, Lalmonirhat, Rajshahi and Joypurhat districts and some parts have longer and chilled winter for Boro rice seedling raising. Cold weather often injured seed germination and seedling growth which bring about 20 % to 25 % seed loss. After germination, dry and limited water resource restricts the sufficient growth of Boro rice. Uneven rainfalls due to climate change effect also cause a serious yield reduction in the area. 

Cold stress induces the accumulation of reactive oxygen species (ROS) such as superoxide anion, hydrogen peroxide and hydroxy-radicals (Mittler 2002; Suzuki and Mittler 2002). The elevated concentrations of ROS can damage cellular structures and macromolecules, leading to cell death. Plants under abiotic stress have evolved a defense system against oxidative stress by increasing the activity of ROS-scavenging enzyme. ROS can be scavenged by SOD, POD and catalase (CAT) (Miller et al. 2010). SOD plays an important role in eliminating ROS under abiotic stress (Alscher et al. 2002). SOD, POD and CAT are important enzymes protecting membrane system. Many kinds of antioxidant enzyme activities have been changed under low temperature stress in many crops. Positive changes of enzyme activities are relevant to cold tolerance.
Proline plays a vital role in maintaining osmotic balance in plants. The accumulation of proline may function in preventing plants from being damaged by stress. The free proline acts as osmolytes to facilitate osmoregulation, thus protecting plants from dehydration resulting from cold stress by reducing water potential of plant cells (Székely et al. 2008). On the other hand, Chlorophyll, photosynthetic pigment, is degraded under low temperature (Wenying et al. 2013; Ranawake et al. 2008).
Examining the Boro rice seedling survival during low temperature stress is still in initial stage in Bangladesh. In nature, cold environment may last for a long period, its intensity may differ and sometimes it may appear repeatedly. In context of Bangladesh, cold stress restricts rice seedling growth and economic yield in every year especially for Boro rice. The effect of low temperature stress on rice seedlings responses depends not only on lack of warmth and sufficient soil water, but also on the microclimatic environments especially sudden low temperature below 10 °C and foggy weather in which the plant grows and develops and the duration and severity of low temperature. Some plant species are not sensitive to short-term stress and can acclimatize themselves with less damage. Low temperature stress, among all the abiotic stresses in the global environment, probably the most important in determining seedling growth and ultimate productivity. The effect of low temperature upon seedling growth very much depends upon the timing and duration of stress.

Boro rice cultivated in diverse ecological conditions in the North-West part of Bangladesh and eastern part of India as well as of Nepal faces low temperature stress, a very common environmental stress, during seed germination and seedling growth stage which leads to decreased total rice production. For this reason, development or screening of low temperature stress tolerant rice cultivar has become an important issue of the researchers associated with the development of total rice production to meet the increasing future food demand. 
  
Several studies have been conducted which revealed that tolerance for low temperature stress during germination and subsequent growth is controlled by a complex interaction of multiple traits (Sthapit and Witcombe 1998; Onishi et al. 2004). However, there is no definite methodology for screening low temperature tolerant rice cultivars. IRRI’s Standard Evaluation System (SES) for rice provides a qualitative evaluation (based on leaf yellowing) when screening for low temperature stress tolerance or susceptibility at the seedling stage. Others have attempted screening for low temperature tolerance based on percent germination or reduction in coleoptile length under stress conditions (Nilanjaya et al. 2003; Cruz et al. 2006). Because of variability in temperature stress and cultivation practices, Boro rice is sown from November to February in different regions. None of the methods developed so far is adequate enough to identify tolerant genotypes under these variable ecologies and growth stages.  

Boro rice cultivation with increased yield now a possible one of the ways and means to fulfill the additional food requirement. But there is major problem of producing Boro rice seedlings due to cold injury. About 25 % to 30 % of Boro rice seedlings are damaged every year because of low temperature in 15 December to 15 January in greater Dinajpur, Thakurgaon, Panchagarh and Rangpur Districts. Considering this, cold tolerant rice seedling can meet up the problem and farmers in the region will cultivate the Boro rice at proper time easily without any economic loss.
Therefore, a suitable research works is a burning issue for this region. The purpose of the proposed research is to know the mechanism of cold tolerance in early stage of indigenous and Boro HYV rice species which depends on reprogramming gene expression to modify their physiology and biochemistry.

Under such unfavorable low temperature conditions, fast shoot elongation growth is beneficial for uniform crop stand particularly in the direct seeded rice cultivation system in high altitudes in tropics and sub-tropics and also in temperate regions. Hence, developing rice varieties with fast seedling growth under cold stress is an important target in these regions. Numerous reports revealed that a positive relation between the accumulation of proline and low temperature stress tolerance in rice plant (Ito et al. 2006; Huang et al. 2009; Sarker et al. 2012). Christie et al. (1991) stated that cold temperature, a common environmental stress in the temperate zone, affects numerous biochemical, physiological, and metabolic functions in rice. Plants responses to cold stress in terms of cellular and biochemical changes have been intensively investigated (Thomashow, 1999; Hasegawa et al. 2000).

Kamata et al. (2004) noticed that the accumulation of proline and total amino acids in leaves of wheat plants during cold acclimation. Kiyosue et al. (1996) reported that proline accumulation in stressed plants is caused by both the activation of proline degradation. In higher plants, proline is synthesized mainly via the glutamic acid pathway (Kavi-kishor et al. 1995; Verma 1999).

Many plants accumulate free proline in response to the imposition of environmental stresses such as drought, high salinity as reported by Hare et al. (1998) and Nanjo et al. (1999) and low temperature. Amino acids including proline are considered as key factors in metabolism and development of higher plants. Moreover, amino acids act as signaling molecules, controlling their own metabolism and the expression of a variety of genes in response to stress condition (Kiyosue et al. 1996; Nielsen et al. 1998). Under environmental stress conditions such as salts, cold, and drought stresses, many plants accumulate compatible solutes such as proline and glycinebetaine.

Low temperature has the potential to affect growth and development of rice   plants during any developmental stage, from germination to grain filling (Ye et al. 2009). However, Yoshida (1981) revealed that sensitivity to cold varies between stages. According to his findings, rice plants have a lower threshold temperature (10 °C to 13 °C) for cold damage during the early stages of development (germination and vegetative), what makes them less sensitive to cold than during the reproductive stage, which has a higher threshold temperature for damage (18 °C to 20 °C). Low temperature can reduce up to 25 % of the final yield (Bierlen et al. 1997; Clayton and Neves 2011; Lima et al. 2012).

Farooq et al. (2009) reported that both the chlorophyll a (Chl-a) and chlorophyll b (Chl-b) are prone to soil drying damages. However, carotenoids have additional roles and partially help the plants to withstand adversaries of drought. Drought stress induced changes in the ratio of Chl-a and Chl-b and carotenoids. The chlorophyll content decreased to a significant level at higher water deficits in sunflower (Kiani et al. 2008) and Vaccinium myrtillus (Tahkokorpi et al. 2007). As reported by Habibi et al. (2011) cold stress had a significant effect on chlorophyll a and b, total chlorophyll content and cell membrane stability.

Many authors found that in temperate regions, low temperature-induced chlorosis in maize is generally most pronounced in the early growing season. Leaves grown at low temperature, compared to those grown under normal conditions, are characterized by a very low photosynthetic performance (Nie and Baker, 1991; Stirling et al. 1991; Nie et al. 1992); changes in the content and the composition of the pigments (Stamp et al., 1983; Haldimann, 1998), reduced activities of photosystem I and photosystem II associated with modifications in the composition of thylakoid membranes (Nie and Baker 1991; Robertson et al. 1993) and changes in the contents of the endogenous antioxidants ascorbate, glutathione and a-tocopherol (Leipner et al. 1997; Fryer et al. 1998).

It has been reported that in rice plants growth rate and metabolism are markedly inhibited even at temperatures above the chilling temperature in the range of 15 °C to 20 °C (Kabaki et al. 1982; Takanashi et al. 1987) but the mechanism for the effects of low temperature stress on growth and the accompanying metabolic changes remains unclear. It is generally recognized that the patterns of protein synthesis and mRNA level change when plants are exposed to cold temperatures (Thomashow 1990; Koga-ban et al. 1991). There is considerable alteration in the composition of lipid and protein in the plasma membrane during cold acclimation which in turn contributes to the stabilization of the membrane under freeze-induced dehydration (Uemura et al. 2006).

To evaluate the level of cold tolerance at the seedling stage in rice, a number of parameters have been adopted including seedling survival percentage (Misawa et al. 2000; Zhang et al. 2005a; Luo and Luo, 2007), necrosis and/or wilting (Andaya and Mackill 2003; Andaya and Tai 2006), leaf yellowing and stunting (Andaya and Tai 2006), arbitrary rating scale (Misawa et al. 2000), shoot length, root length and seedling dry weight (Zhang et al. 2005b). Cold tolerance at the post-germination stage in rice was studied using gained shoot length (GSL) as a new parameter, which was measured as increased shoot length during cold stress at 4 °C followed by a 4-day recovery period at 35 °C (Ranawake et al. 2008). Fast shoot elongation growth is a favorable agronomic trait for seedling establishment and uniform crop stand (Andaya and Mackill 2003a; Fujino et al. 2004). Temperature between 20 °C to 35 °C is optimum for seed germination and early seedling growth in rice, while temperature of 10 ºC was reported as the minimum critical temperature (Fujino et al. 2004). Nevertheless, these responses are at whole plant, organ and tissue, cellular and sub-cellular levels. They produce some special metabolites and bioactive compounds along with its structural and molecular level changes in response of the low temperature stress. Thus, response of rice plant to low temperature stress can be broadly grouped as the whole plant response, anatomical response, physiological response and molecular response.
Given its complex biochemical nature, the physiological and genotypic basis of adaptive responses must rely on intricate mechanisms that integrate stress responses and developmental processes. The mechanism for the effects of low temperature stress on growth and accompanying metabolic and molecular changes remains unclear.
Therefore, considering those, the study was designed to investigate the important antioxidant enzyme activities, leaf proline content and chlorophyll of rice seedlings under cold stress to find their cold tolerance role.



Research Objectives:
· To investigate the morpho-physiological responses of selected indigenous and HYV Boro rice seedlings during low temperature stress.
· To investigate the biochemical responses of selected Boro rice seedlings under cold environment.
· To mitigate cold stress in Boro rice at seedling stages using biochemical approaches.
· To screen suitable Boro rice varieties of cold tolerant for successful seedling raising under low temperature environment.























CHAPTER II
REVIEW OF LITERATURE
Cold stress is one of the major factors limiting Boro rice seedling production in the northwest Bangladesh. Rice genotypes differ greatly in their seedling chilling tolerance. Low temperature (cold stress), which includes chilling (<20 °C) and freezing (<0 °C) temperatures, seriously disrupts cellular homeostasis, leads to cell damage and drastically impairs plant development and growth (Yang et al. 2006; Tester and Langridge 2010; Varshney et al. 2011; Shi et al. 2012). Low temperature stress causes either dramatic reduction or failure of germination, depending on genotype. Furthermore, cellular injuries caused by low temperature stress often result in poor seedling vigor, which leads to negative effects on seedling survival, growth and development (Peterson et al. 1978) and ultimately reduces the total rice production. However, plant responses to cold stress in terms of cellular and biochemical changes have been intensively investigated (Thomashow 1999; Hasegawa et al. 2000). Rice plants show a number of responses to the prevailing low temperature stress, which may be different in different species (Sarker et al. 2013). A range of traits related to seedling growth and establishment under cold temperature have been characterized (Tiryaki and Andrews 2001; Satya and Saha 2010). Nevertheless, these responses are at whole plant, organ and tissue, cellular and sub-cellular levels. They produce some special metabolites and bioactive compounds along with its structural and molecular level changes in response of the low temperature stress. Thus, response of rice plant to low temperature stress can be broadly grouped as the whole plant response and physiological response.
Most of the physiological analyses to study tolerance or sensibility of rice to low temperatures have been made in two stages of development: seedling and booting. In both of them cold temperature has harmful effects on crop productivity, as in the ﬁrst one the number of established plants is affected and in the booting stage pollen sterility can be induced by cold, decreasing the ﬁnal number of grains. A large array of methodologies, as different cold intensities and periods of exposure, has been applied to evaluate damage and tolerance in these developmental stages.
Growth is the result of series of biochemical reactions that involves complex of enzymatic activities performing different functions. These processes require optimal temperature for normal functions. The deviation from optimum conditions may disrupt the normal physiological processes and thus affect growth, development and reproduction of plants. Therefore, temperature is a major environmental factor that limits their ecological distribution. Many important crop and horticultural plants of tropical and sub-tropical origins are considered chilling-sensitive because they are easily injured or killed by exposure to low but non-freezing temperatures, usually between the 2 °C to 20 °C range depending on genotype and developmental stage. Sanghera et al. (2011) pointed out that abiotic stresses adversely affect growth, productivity and trigger a series of morphological, physiological, biochemical and molecular changes in plants. Extensive physiological and biochemical studies conducted during the last few decades have shown that the cell membrane system of plants is the primary site of cellular injury during both freezing and chilling stress (Steponkus 1984; Uemura and Steponkus 1994). The first apparent physical effect of low temperature on plant cells is the change in membrane dynamics from a flexible liquid-crystalline state to a solid gel-like phase (Raison and Chapman 1976; Kratsch and Wise 2000). The physiological consequences of this perturbation affect plant cells in many ways, including abnormal metabolism, and accumulation of toxic metabolites and reactive oxygen species (Nishida and Murata 1996; McKersie and Bowley 1997). 
Low temperature stress has been reported to have adverse effects on many other crops as well including the major world cereals such as rice (Shimono et al. 2007) and maize (Rymen et al. 2007).
Cold stress is a common problem that affects global production as a crucial factor in rice cultivation. Serious yield and yield component losses occur when low temperature prevails during the reproductive stages of rice. At high latitude and altitude area yield loss was well documented in the Northeast and Southern China, Bangladesh, India, Nepal, and other countries due to low temperature (Kaneda 1974; Lee 2001). As rice is originated from tropical or subtropical zones, so it’s a cold-sensitive plant resulting in serious yield and yield component losses if low-temperature stress prevails during the reproductive stages (Farrell et al. 2006). 
Rice plants become susceptible below 15 °C (De Los Reyes et al. 2003). Due to exposure to low temperature, the physiology of crop changes like total chlorophyll content reduction (Ghaee et al. 2011), limitation of photosynthetic activity (Allen et al. 2001; Diaz et al. 2006) and oxidative stress. Low temperature causes irreversible injury in leaves, such as necrosis (Suzuki et al., 2008) and chlorosis (Andaya and Mackill 2003). In general, cold temperatures can reduce the crop survival rate, inhibit photosynthesis, retard growth, and block the synthesis of proteins, lipids, and carbohydrates (Setter and Greenway 1988; Aghaee et al. 2011). 
Throughout their life cycle, plants are subjected to various types of environmental stresses which include salinity, water deficit, temperature extremes, toxic metal ion concentration and UV radiation. These environmental factors limit the growth and productivity of plants to varying degrees, depending upon severity of stress. When exposed to stressful conditions, plants accumulate an array of metabolites, particularly amino acids. Amino acids have traditionally been considered as precursors to and constituents of proteins, and play an important role in plant metabolism and development. A large body of data suggests a positive correlation between proline accumulation and plant stress. Proline, an amino acid, plays a highly beneficial role in plants exposed to various stress conditions. Besides acting as an excellent osmolyte, proline plays three major roles during stress, i.e., as a metal chelator, an antioxidative defense molecule and a signaling molecule. Review of the literature indicates that a stressful environment results in an overproduction of proline in plants which in turn imparts stress tolerance by maintaining cell turgor or osmotic balance; stabilizing membranes thereby preventing electrolyte leakage; and bringing concentrations of reactive oxygen species (ROS) within normal ranges, thus preventing oxidative burst in plants.
2.1 Cold Stress and Root and Shoot Growth
For subsequent growth and development of plants, there should have optimum environmental temperature as the activation of various functional enzymes needs proper temperature along with other requirements. Proper root growth of maximum plant species requires 27 °C to 30 °C soil as well as environmental temperature (Drennan and Nobel 1998). Any deviation from this optimum level of temperature leads to the decrease root growth. The production of percent shoots dry weight decreased in response to low environmental temperature. Low temperature severely reduces the dry weight content of plant (Hnilickova et al. 2002). The genetical makeup of the cultivars might responsible for the variation in percent shoot dry weight obtained in a day. Plants having highest percent shoot dry weight are definitely lower temperature stress tolerate than the other cultivars. The effect of low temperature on plant might be responsible for the lowering of percent root dry weight of selected rice cultivars. Similar result was obtained by Nagasuga et al. (2011), Engels (1994) and (Soleymani and Shahrajabian 2012). The genetical variations of the cultivars might be responsible for the variation in root dry weight percentage obtained in a day. Plants having highest percentage of root dry weight are definitely more low temperature stress tolerance than those of other cultivars. Chilling stress restricts root growth by decreasing root length, biomass, and morphology (Cutforth et al. 1986), which ultimately reduces volume of the root system for exploring the nutrients and water (Richner et al. 1996). Nevertheless, the reported effects of drought stress on root growth have been diverse. For instance, drought stress increased the root length of Catharanthus roseus (Jaleel et al. 2008) and sunflower (Tahir et al. 2002), but did not affect the root growth of wheat and maize (Sacks et al. 1997). Increase in root length under drought conditions have been attributed to increased abscisic acid content in roots (Manivannan et al., 2007). Wullschleger et al. (2005) stated that root dry biomass of popular species was reduced under mild and severe drought stress. In general, varieties having characters of deep and prolific root system were better able to sustain growth and yield under water-deficit conditions (Babu et al. 2001).

2.2   Cold Stress and Biomass Production

Plant growth is often negatively inﬂuenced by cold stress (Sanghera et al. 2011), and quantitative analyses, as shoot and root biomass, are also used in the evaluation of contrasting genotypes (Aghaee et al. 2011) or transgenic plants (Tian et al. 2011) at any developmental stage. However, these analyses have the disadvantage of being destructive and time consuming, and are not adequate to breeding programs where a large number of lines needs to be evaluated.

The total biomass represents an integration of all biochemical, physiological and growth processes. Low temperature had marked effect on rice root oxidizing activity which resulted in reduction of dry matter production (Qiujie 1988). Rice plants grown at normal temperature (22 °C to 29 °C) had significantly higher dry weights in contrast to plants grown at low temperature (10 °C to 15 °C) which showed growth depression as indicated by reduced dry weights (Aghaee et al. 2011). Seedlings of transgenic plants had an increased biomass under low temperature stress and mature plants were less susceptible to chilling-induced chlorotic damage (Hayashi et al. 1997). Thus, determination of plant dry matter content is a good indicator of the effect of environmental stress on rice growth.
Akladious (2012) reported that the low temperature stress alone inhibited the growth of wheat seedlings as compared to control (22 °C). Increase in growth rate such as shoot length, root length, fresh and dry weights of seedlings after low temperature stress was higher in selenium-treated seedlings compared to the untreated ones (3 °C and 5 °C). The lowest biomass production which occurred in wheat seedlings was observed at 3 °C by soaking the seeds in selenium for 15 h before germination.
Hue (1978) suggested that seedling growth is highly variable under different temperature regimes. At the vegetative stage, temperatures lower than 15 °C reduce plant height, tillering, root growth and dry weight of the rice plant. Other studies suggest that Japonica rice varieties can tolerate low temperatures much better than Indica/Japonica varieties, with the latter requiring 2.5 °C to 3.0 °C higher temperatures than do Japonica rice varieties for effective growth between germination and maturity.
Since the low temperature of flooded water greatly affects biomass and grain yield, several studies have been conducted to identify the underlying mechanisms (Shimono et al. 2002). However, it is still unclear whether these mechanisms were caused by the integrated effects of low temperature on the root zone and shoot meristem near the soil surface or the effect on the root system (root temperature) alone, because in many studies flooded water was cooled in the paddy field accompanied with a decrease in air temperature. Leaf growth, which is important for dry matter production, is strongly affected by environmental factors such as temperature (Shimono et al. 2002). The reduction of dry matter production by the low temperature of flooded water might be a direct effect of low temperature on the shoot growth.
Yadegari et al. (2007) reported that leaf fresh weights of cold-acclimated and non-acclimated soybean seedlings were reduced in chilling period. Leaf and root fresh weight of non-acclimated plants rapidly declined when exposed to chilling temperature and did not recover from the chilling treatment properly. Leaf and root fresh weight of cold-acclimated plants also declined significantly 24 h after exposure to chilling temperature. Although the cold-acclimated plants did not completely recover from chilling injury compared with untreated control plants, the cold-acclimated plants showed a general increase in leaf and root weight compared with non-acclimated plants during the recovery period.
Nagasuga et al. (2011) reported that low root temperature would inhibit rice dry matter production resulted from water stress caused by reduced water uptake by the root. Although all the plants grew under the same air temperature, total dry weight of the plants whose root system was exposed to a low temperature (simply called treated plants, hereafter) was 55.2 mg, which was about 70 % of that in the control plants, and this was significantly different from the control. 
Mishra and Salokhi (2008) revealed that the SRI method revealed better nodal root development than the conventional method at the initial growth stage when soil nutrients were not limiting. The trend was similar for shoot length and dry matter production, indicating that drained soil favors shoot and root development. In the initial stage (12 DAS), seeding rates had no effects either on root or shoot growth under either soil conditions. Thus, a drained soil is one of the most important factors in SRI seedbed management to promote better root and shoot growth.
Bodapati et al. (2005) stated that unlike seedling emergence, seedling dry matter production was dramatically reduced due to low temperature in most cultivars. Most interestingly, HSC-55 was one of the best performing cultivars, producing 18.5 % of dry matter at low temperature (13 °C to 18 °C) compared to its potential at normal temperature (28/23 °C). On the other hand, several of the tropical cultivars (e.g. IR-36) performed very poorly at low temperature by producing only about 1 % of their potential growth at normal temperature. The variation in cold tolerance (dry matter production) between the best performer, HSC-55 and the worst performer, IR 36 was 15.7 fold.
Tsukahara and Kozlowski (1986) concluded that growth was reduced much more by flooding than by low temperature. Interactive effects of flooding and temperature were shown on height growth, leaf initiation and expansion, and dry weight increment of leaves, stems and roots. The amount of growth reduction by flooding and low temperature was greater when based on analysis of dry weight increment of leaves, stems, and roots, than on their relative growth rates. The greater reduction of growth by flooding than by low temperature was associated with fewer and smaller leaves, more leaf injury, more stomata closure, and greater decay of roots in flooded plants.
Yamakawa et al. (2007) revealed that high temperature during the grain-filling stage causes deleterious effects on the yield and quality of crop products. Temperature above certain growth-optimal temperatures impair dry matter production, generally decreasing grain size in all major cereal crops, such as rice (Oryza sativa), wheat (Triticum aestivum), barley (Hordeum vulgare), and maize (Zea mays). Such small grains result in not only decreased yield but also low milling quality.
Farooq et al. (2009b) reported that greater plant fresh and dry weights under water limited conditions are desirable characters. A common adverse effect of water stress on crop plants is the reduction in fresh and dry biomass production. Plant productivity under drought stress is strongly related to the processes of dry matter partitioning and temporal biomass distribution (Kage et al. 2004). Diminished biomass due to water stress was observed in almost all genotypes of sunflower (Tahir and Mehid 2001). However, some genotypes showed better stress tolerance than the others. Mild water stress affected the shoot dry weight, while shoot dry weight was greater than root dry weight loss under severe stress in sugar beet genotypes (Mohammadian et al. 2005). A moderate stress tolerance in terms of shoot dry mass plants was noticed in rice (Lafitte et al. 2007).
2.3 Cold Stress and Relative Water Content of Leaf 
Relative water content, leaf water potential, transpiration rate, stomata conductance, and leaf and canopy temperature are the important attributes describing plant water relations (Farooq et al. 2009a). Sales et al. (2013) reported severe reductions in leaf water potential of sugarcane under the simultaneous occurrence of cold and drought stresses, compared with individual stress factor. Generally, the chilling-sensitive plants exhibit water stress symptoms under low temperatures, which are triggered by reduced root hydraulic conductivity followed by severe decline in leaf water potential and loss of turgor pressure (Aroca et al. 2003). McWilliam et al. (1982) and Lee et al. (1993) also reported that decline in root hydraulic conductivity and loss of stomata control caused chilling-induced wilting in plants. Aroca et al. (2003) stated that low temperature-induced reduction in vapor pressure deficit between the leaf surface and the atmosphere decreased transpiration rate and root water uptake drastically. Chilling stress caused shoot water deficits in maize plants by significant reductions in root water uptake instead of leaf transpiration (Janowiak and Markowski 1994). Likewise, Javier et al. (1997) reported that under chilling stress, root water uptake decreased in drought hardened plants similar to no drought hardened plants, while transpiration rate was lower in drought hardened plants only. Exposure of drought stress has also been known to substantially decrease the relative water content, turgor pressure, leaf water potential, and transpiration rate in a number of plant species (Siddique et al., 2001; Tezara et al., 2002; Nayyar and Gupta 2006; Campos et al. 2011). Liu et al. (2004) reported that drought stress significantly declined the water potential of soybean roots, leaves, and pods, compared with control. Likewise, Reddy et al. (2004) observed that tissue water contents were decreased linearly with increase in drought severity. In short, chilling as well as drought stress cause disturbances in plant water relations; nevertheless, such effects are likely to be more severe under the combination of both of these factors.
The growth rate of shoot also depends on various environmental factors. Air temperature is one of them, which significantly controls the range of plant growth. Each plant has its optimum growth temperature but 18 °C to 21 °C temperature is considered as optimum for most of the temperate plants for subsequent growth and development (Junttila 1986).
2.4   Cold Stress and Seed Germination
Some field crops are extremely sensitive to chilling and drought particularly during germination and early phases of seedling development. Each seed requires optimum temperature and soil moisture for germination. Chilling stress severely impairs the germination and often lowers the seedling vigor (Kang and Saltveit 2002; Wang et al. 2016), delays plant development and ultimately causes severe yield losses (Cruz and Milach 2004; Oliver et al. 2007; Ruelland et al. 2009). Chilling stress is known to thermodynamically limit the kinetics of various physiological as well as metabolic functions in plants (Ruelland et al. 2009). Chilling stress evokes shoot water deficit due to its thermophilic nature and reduced root water uptake (Stewart et al. 1990).
Drought stress impairs germination by limiting water imbibition, and reduces seedling vigor (Kaya et al. 2006; Farooq et al. 2009b). Both chilling stress and limited water supply results in disturbance of osmotic balance, impaired metabolic activity at cellular level and excessive ROS production leading to alterations in DNA, RNA and protein structures, membrane damage, reduced respiration and less ATP production (Priestley 1986) ultimately causing loss in seed germination and vigor.
2.5 Cold Stress and Seedling Survival
Cold tolerance at the seedling stage has also been evaluated by determining survival percentages, because susceptible seedlings have problems in maintaining normal metabolic rates under cold and eventually die (Morsy et al. 2007). In the past years, many studies have utilized survival data to evaluate resistance of transgenic plants to cold stress (Huang et al. 2009; Song et al. 2011; Xu et al. 2011; Zhang et al. 2011; Huang et al. 2012; Yang et al. 2012).
2.6 Cold Stress and Proline 
Essential for primary metabolism, both as a free amino acid and as a component of proteins, proline is distinctive among the proteinogenic amino acids as it contains a secondary amino group and a distinctive cyclic structure (Lehmann et al. 2010). Proline is an electro cyclic low molecular weight non-essential amino acid of glutamate family has attracted considerable attention of many eco-physiologists in last two decades. It is an organic osmoprotectant accumulates in a large number of plant species exposed to environmental stresses such as salinity, drought, temperature (high and low), UV radiations and heavy metals (Hare and Cress 1997; Zhu et al. 1998; Rhodes et al. 1999; Taylor, 1996; Yamada et al. 2005; Eraslan et al. 2007). Proline is involved in the regulation of osmotic homeostasis, scavenging of reactive oxygen species and protection of cell structures (Srinivas and Balasubramanian 1995; Iyer and Caplan 1998). This amino acid is a typical adaptive response in plants and it may be a part of stress signal (Maggio et al. 2002; Yang et al. 2009). 
Accumulation of proline has been reported from increased proline biosynthesis, lower proline utilization, decreased degradation of proline and proteins (Delauney and Verma 1993). The level of proline accumulation varies from species to species and also among the plant organs, its highest levels found in flowers and seeds and lowest levels in roots. (Verbruggen et al. 1993; Nathalie and Christian 2008). Proline ameliorates the stress tolerance by preventing membrane and protein damage (Santoro et al. 1992; Santarius 1992). Catabolism of proline in stress free conditions generates reducing equivalents especially ATP to repair stress-induced damage (Hare and Cress 1997; Hare et al. 1998). However, numerous researchers have found a positive relation between the accumulation of proline and low temperature stress tolerance in rice plant (Ito et al. 2006; Huang et al. 2009).
Sarker et al. (2005) revealed that proline biosynthesis enhanced many times due to water stress in eggplant. Kulchhum (2011) stated that proline has multiple roles in stress tolerance in plants. It is difficult to claim whether the increase of proline content is eventually associated with differences in chilling tolerance of plants from the cultivated cultivars. The chilled plants from all cultivars accumulated similar amounts of proline in their leaves in response to low temperatures for 14 days or longer.
Hare et al. (1998) and Nanjo et al. (1999) described that many plants accumulate free proline in response to the imposition of environmental stresses such as drought, high salinity, and low temperature. Amino acids including proline are considered as key factors in metabolism and development of higher plants. Moreover, amino acids act as signaling molecules, controlling their own metabolism and the expression of a variety of genes in response to stress condition (Kiyosue et al. 1996; Nielsen et al. 1998). 
Adverse environmental conditions impose stress in the plant, like heat, cold, salinity, heavy metal, nutrient, drought stress; play a very prominent role to limit the plant growth and development. During the exposure of these wide ranges of stresses, plant itself changing or developing at morphological, biochemical or molecular level. During the morphological changes, plant not only reduce duration of life but also reducing plant body skeletons like shortening of plant height, while the adjustment of ion transport, carbon metabolism and synthesis of osmoregulatory compound or compatible molecules like proline, glycine betaine, sorbitol takes place at molecular level. Different kinds of compatible solutes enable to the plant to tolerate abiotic stress. Proline is one the most effective compatible molecule that produces in the wide range of organism including plant under the adverse conditions. A transcriptional characteristic known as up and down regulation of gene expression may be observed during osmotic stress. These changes may be facilitating directly by various stress condition. The up regulation in the plants result, proline accumulation under osmotic stress while down regulation result deterioration process. 
Burritt (2008) reported that the amino acid proline has been found to help confer freezing tolerance in a wide variety of both animal and plant cells, and is often added to cryoprotective solutions or is used for preconditioning plants or pretreating isolated cells or tissues prior to cryopreservation. Accumulation of free proline is often associated with resistance of plants to numerous stresses and particularly low temperature (Kushad and Yelenosky1987; Krall et al. 1989).
Synthesis of osmolytes (osmoregulatory compound) especially proline enable plants to develop osmotic adjustment through osmoregulatory process under diverse environmental conditions. Therefore, it is well known with osmo protectant compound which can stabilize the effect of stresses at cellular level (Aziz and Khan 2001).
Proline is a water-soluble amino acid and beneficial solute that accumulate in plant under different kinds of stresses such as drought, cold, heat, heavy metal, nutrient and salt stress. Initially the proline accumulation occurs in plant tissues in response to stresses that cause reduction of water results low water potential such as drought, salinity and freezing but also recorded in response to heavy metal toxicity (Verslues and Bray 2006; Anaytullah 2007; Sharma and Dietz 2009; Siddique and Dubey 2017). The capacity of proline accumulation depending upon the level of stress and also can vary from one species to another species up to many folds in respect of control (Verbruggen and Hermans, 2008; Hayat et al. 2012).  Nowadays, it is established that the accumulation of proline within plants under adverse or stress conditions play a significant role for developing stress tolerance capacity and act as an osmoregulatory compound (Hare and Cress 1997). Heat stress, salt stress and heavy metal stress is another important abiotic stress (Anaytullah et al. 2012; Munns and Tester; 2008 and Siddique and Dubey 2017) which inversely affect the crop growth in term of biomass and yield of crop (Ahmad et al. 2012; Mantri et al. 2012 and Karur et al. 2012). In saline situation, Osmotic regulation is an important mechanism at cellular level by virtue plants accumulate many compatible solutes inside the cell like proline, polyols and betaine that play an important role to mitigate the effect of salinity stress in barley plant (Hasegawa et al. 2000; Chen et al. 2007). While, heat stress also reduces crop growth and accelerate the accumulation of different organic base biochemical compound i.e. proline, betaine and sugar by adapting specific strategies. 
2.7 Cold Stress and Starch
Carbohydrate metabolism, particularly the production and breakdown of starch, cellulose and sucrose, is fundamental to plant growth and development. Starch is the second most abundant carbohydrate in the world and is a part of everyday life through the food that we eat or in industrial applications. 
In plants, starch serves as an important carbohydrate storage molecule. The breakdown of starch ensures retaining essential life processes in plants during periods of non-photosynthetic activity, especially in darkness or during seed germination. Soluble carbohydrates play a pivotal role in plant survival, the development from germination to leaf greening and the development of leaves, as well as in signaling and membrane stabilization in response to abiotic stresses (Kang et al. 2002) and they also described the inhibition of cotyledon greening and true leaf development with sucrose levels greater than 4 % concentration on growth medium. However, the accumulation of soluble carbohydrates in plants has been widely reported as a response to salinity or drought or extreme temperature, despite a significant decrease in net CO2 assimilation rate (Murakeozy et al. 2003).
Many connections have been made between sucrose and cold acclimation and osmotic stress. Tabaei-Aghdaei et al. (2003) determined that the mRNA expressed in cells of plants supplied with sucrose resembled that of cold treated cells. Not only does sucrose induce cold acclimation responses in plants, but freezing tolerance of plants is also dependent on sucrose concentration. Freeze tolerance has been shown to increase with increasing sucrose concentration (Tabaei-Aghdaei et al. 2003). The mechanism by which sucrose contributes to freezing tolerance is only partially understood; however, Uemura and Steponkus (2003) described Arabidopsis seedlings with increased freeze tolerance when exogenously supplied with different sucrose concentrations. Low concentrations of sucrose decrease expansion-induced lysine while higher concentrations reduced the loss of osmotic responsiveness to the cold.
Khavarinejad and Mostofi (1998) described that a decrease in starch content and an increase in both reducing and non-reducing sugars and polyphenol levels has been reported in leaves of Bruguiera parviflora. In leaves of tomato, the contents of soluble sugars and total saccharides are increased significantly, but the starch content is not affected.
In some herbaceous plants, including wheat (Perras and Sarhan, 1984), cloudberry (Kaurin et al. 1981), and spinach (Guy et al. 1992), changes in sugar content are correlated with those of freezing tolerance though the physiological role of sugar in the mechanism of freezing tolerance in plants is, therefore, still unclear. 
Tinus et al. (1999) described that the relationship between cold hardiness and starch and sugar concentration of roots and needles may be explained by considering that the amount of starch and sugar present represents a balance between the rate of photosynthesis, consumption by respiration, and export to parts of the seedling that are growing. Because starch and sugar are readily interconvertible, the proportion that is present in plant tissues as sugar during acclimation and deacclimation is probably a function of the need for cryoprotection.
As stated by Levitt (1980), sugars are known to lower the freezing point and increase the intracellular osmotic potential. This would reduce the amount of dehydration during extracellular freezing. Premature defoliation of raspberry canes decreases both starch and sugar reserves and increases the susceptibility of bud tissues to freeze injury (Doughty et al. 1972). However, the qualitative changes in carbohydrates of raspberry canes and buds during cold acclimation have not been studied.
Starch or sucrose synthesis is also reduced by water stress in addition to the patchy stomata closure (Vassey and Sharkey, 1989). Numerous studies have shown that cold temperatures induce the accumulation of metabolites, including low-molecular-weight carbohydrates such as fructose, glucose, maltose and raffinose, and amino acids such as proline and glutamine (Taji et al. 2002; Cook et al. 2004).
Quick et al. (1989) observed substantially reduced starch synthesis in osmotically stressed spinach leaves. Starch is the major carbohydrate store in plants and is important for energy and carbon skeleton supply (Ruggiero et al. 2004). In addition to the frequent association of metabolite levels with the expression levels of genes involved in the synthesis of these metabolites, a strong correlation between different metabolic pathways, e.g. starch mobilization with raffinose and proline synthesis, was observed, suggesting a tight regulatory link between theses pathways in response to salt stress (Kempa et al. 2008). 
2.8   Cold Stress and Protein
Many authors reported that the stress associated proteins play important role in plant response to environmental stress condition (Singla et al. 1998; Vij and Tyagi 2006). Amudha and Balasubramani (2011) reported that osmo protectants are proteins that probably function in stress tolerance. They are water channel proteins involved in movement of water through membranes, the enzymes required for the biosynthesis of various osmo protectants like sugars, proline and glycine-betaine.
Plant acclimation to stress is associated with profound changes in proteome composition. Since proteins are directly involved in plant stress response, proteomics studies can significantly contribute to unravel the possible relationships between protein abundance and plant stress acclimation (Kosova et al. 2011).
Heng et al. (1993) described that changes in protein expression, accumulation, and synthesis have been observed in many plant species as a result of plant exposure to drought stress during growth. Both quantitative and qualitative changes to proteins were detected during drought stress. 
Close et al. (1989) and Close (1996) indicated that proteins synthesized in response to drought stress are called dehydrins. Dehydrin proteins are also produced in response to various other environmental stresses, such as salt and cold stress, and have been characterized as hydrophilic, heat-stable, free of cysteine and tryptophan, responsive to ABA and rich in lysine.
2.9 Cold Stress and Chlorophyll
Chlorophyll (Chl) has unique and essential roles in harvesting and transducing light energy in antenna systems, and charge separation and electron transport in reaction centers (Eckhardt et al. 2004; Masuda 2008). Chlorophyll level is an important index used to evaluate photosynthetic capacity. Chlorophyll content decreases under cold stress, which might be because low temperature suppresses chlorophyll biosynthesis, probably by inhibiting the activities of chlorophyll biosynthetic enzymes. A previous study showed that the optimum temperature of divinyl reductase (DVR) activity was 30 °C, and low activity was observed at 10 °C and no activity was found at 50 °C (Nagata et al. 2007). Rice is a kind of thermophilic cereal crop that feeds almost half of the world’s population. Originating from tropical and subtropical areas, rice is highly sensitive to low temperatures, particularly during the greening process of the early seedling growth. In China, cold spells in late spring cause serious suppression of rice seed germination and young seedling growth, especially in the middle–lower Yangtze River region and southern China. In the past 30 years, 30 % to 50 % rice seedlings suffered from chilling or cold stress, resulting in a reduction of 3 to 5 megatons every year (Fang et al. 2017).
Farooq et al. (2009b) revealed that chlorophyll is one of the major chloroplast components for photosynthesis, and relative chlorophyll content has a positive relationship with photosynthetic rate. The decrease in chlorophyll content under drought stress has been considered a typical symptom of oxidative stress and may be the result of pigment photo-oxidation and chlorophyll degradation. Photosynthetic pigments are important to plants mainly for harvesting light and production of reducing powers.
Teng et al. (2004) conducted a study to find out that the leaf chlorophyll content is one of the important physiological traits closely related to photosynthetic ability in rice. Undoubtedly, understanding the genetic mechanisms underlying the leaf chlorophyll content across different developmental stages of rice has significant implications for improving photosynthetic ability in rice.
Glaszmann et al. (1990) reported that plants under environmental (peripheral) stresses lose their green chlorophyll tissues. It is known that environmental stresses in terms of chlorophyll degradation have similar effects on plants. Low temperature inhibits chlorophyll accumulations in actively growing leaves. In rice, cold tolerant lines, for example, japonica accumulates more chlorophyll under cold stress than do cold sensitive line, for example of indica rice.
Manivannan et al. (2008) detected a depression in Chl-a and Chl-b and total carotenoid in Helianthus annuus L. under water stress. But the chlorophyll content remained unchanged under drought as recorded by Jensen (1985).
The decrease of chlorophyll contents in rice leaves under saline conditions was reported by Iqbal et al. (2006). They observed some rice varieties where all genotypes, chlorophyll contents were decreasing. The decrease is significant in sensitive genotypes in comparison to tolerant.
Khosh and Ando (1995) indicated that in green plants, chlorophyll tissue in leaves under environmental stress in susceptible cultivar is decreased but with an increased resistance. Leaves in the susceptible cultivar have a darker green colour. Rapid loss of chlorophyll in cold-sensitive cultivars causes a decrease in photosynthetic activity. Several environmental factors causeschlorosis (yellowing) in plants. Chlorophyll is one of the basic pigments in plants, with its concentration reduction causing chlorosis, reduction in both growth and yield.
Akparobi (2009) found that the chlorophyll content is markedly decreased by exposure of rice to low temperatures. Chlorophyll synthesis is severely depressed at low temperature in many chilling sensitive species. An apparent decrease in leaf chlorophyll content exposed to low temperatures.
Kyparissis et al. (1995) and Zhang and Kirkham (1996) found that both the chlorophyll a and b are prone to soil dehydration. Decreased or unchanged chlorophyll level during drought stress has been reported in many species, depending on the duration and severity of drought.
Van Huystee and Hodgins (1989) reported that illumination of etiolated seedlings of maize at low temperature resulted in reduced chlorophyll accumulation, and impairment of chlorophyll biosynthesis was paralleled by an aberrant development of the thylakoid membranes (Hodgins and van Huystee 1986). A slight photo conversion of Pchlide to chlorophyll was possible at 12 °C.



2.10 Justification of the Present Research
It has been pointed out that cold temperature, a common environmental stress in the northwest of Bangladesh, affects several morphological, bio-chemical, physiological and metabolic functions in rice plants especially in seedling stage. Cold stress adversely affects plant growth and development and significantly constraints the spatial distribution of plants and agricultural productivity.
Cultivated rice is sensitive to temperatures below 10 °C to 20 °C. Under low temperature conditions, rice plants respond in several ways and their sensitivity to cold can be manifested at all stages of development. Given the wide-ranging effects of low temperature on rice and the serious impact on productivity, tolerance to this stress is of considerable importance to Boro rice growing regions of Bangladesh. Cellular injuries caused by low temperature stress often result in poor seedling growth (weight and length of seedling- coleoptile and radicle), vigor, and germination, which leads to negative effects on seedling survival, growth and development and ultimately reduces the total rice production.

Proline accumulation under cold stress has been correlated with stress tolerance. Its concentration has been shown to be generally higher in cold tolerant than in cold sensitive plants. Its accumulation normally occurs in cytoplasm where it functions as molecular chaperons stabilizing the structure of proteins and its accumulation buffers cytosolic pH and maintains cell redox status. It has also been proposed that its accumulation may be part of a stress signal influencing adaptive responses. Keeping in view the diverse roles of proline in plants, a comprehensive study on biosynthesis and role in stress has been studied in this research.
Chlorophyll biosynthesis is seriously blocked by low temperatures during greening. However, the inhibitory mechanism by which this occurs is still unclear. Understanding how rice responds to low temperatures will provide valuable information and genetic resources for improving cold-stress tolerance. In addition, it has been demonstrated that the levels of starch increase during cold acclimation, typically in rice plants, which develop high degrees of cold tolerance in winter.
Work on cold tolerance mechanism based on morphological and physiological functions is limited in Bangladesh; while those studied in other countries although provide a useful information, but that cannot be recommended or practiced without trial in our local condition. Therefore, it is essential to undertake research on cold tolerant mechanism for Boro rice for saving seedlings as well as for higher yield.



























CHAPTER III

MATERIALS AND METHODS

Several field and laboratory experiments were conducted at the Agricultural Farm, Hajee Mohmmad Danesh Science and Technology University (HSTU), Dinajpur and central laboratory Hajee Mohammad Danesh Science and Technology University, during the period from November 01, 2017 to June 30, 2021. The materials used and methodologies followed in the study have been described in this chapter.
The details are-

3.1 Method Description for Conducting Research
3.1.1 Plant Species
Eight rice (Oryza sativa) cultivars were used for the test plants for rice seedlings (Shown in 3.1.6). Required amount of seeds of which were more prone to cold stress and cold resistant but their genetic potential is still unknown that was collected from different places of Bangladesh.

3.1.2 Experimental Soil
AEZ-1, piedmont plain soil, sandy loam available and representative of the locality for plant growth.

3.1.3 Experimental Growth Condition

Two growth environments were maintained for the study purposes. Crop field under ambient atmospheric environment and growth chamber maintaining a constant 6 °C (+1 °C) at growth chamber in the Hajee Mohammad Danesh Science and Technology University, Dinajpur.

3.1.4 Experimental Design
Randomized completely block design (RCBD) with three replications.

3.1.5 Treatments Array
Rice varieties ware used a single factor. 

3.1.6 Rice Varieties 
Total eight varieties were used for the experiment purposes. Seeds of BRRI hybrid dhan, HYV and local varieties were used in the experiment in the crop field as follows.
	Sl.
	Varieties
	Type
	Source

	01.
	BRRI hybrid dhan3
	Hybrid
	BRRI, Gazipur

	02.
	BRRI hybrid dhan5
	Hybrid
	BRRI, Gazipur

	03.
	BR18
	HYV
	BRRI, Gazipur

	04.
	BRRI dhan28
	HYV
	BRRI, Gazipur

	05.
	BRRI dhan29
	HYV
	BRRI, Gazipur

	06.
	Lafaya
	Local/Indigenous
	Habiganj

	07.
	Biron dhan
	Local/Indigenous
	Sunamganj

	08.
	Jagli
	Local/Indigenous
	Maulovibazar



3.1.7 Cold Stress Imposition 
a) Ambient temperature (Field environment)
b) 6 oC at growth chamber

3.1.8 Plant Data Collection at Different Seedling Growth Stages
i) Seedling root length and weight
ii) Seedling shoot length and weight
iii) Total seedling length and weight
iv) Leaf length
v) Biomass partitioning
vi) Seedling mortality rate


3.1.9 Physiological and Biochemical Analysis

i) Antioxidant enzyme activities (SOD and POD)
ii) Leaf proline content at regular interval
iii) Chlorophyll content (Chl-a, Chl-b and total)
iv) Total carotenoid content
v) Relative water content of leaf


3.1.10 Climatic Data 
i) Air temperature
ii) Relative humidity
iii) Rainfall
iv) Soil temperature

3.1.11 Statistical Analysis

Data were compiled and analyzed statistically. Statistical analysis was done by Regression Analysis and ANOVA test followed by LSD and DMR test.






















EXPERIMENT: 01

Selection of Cold Tolerant Rice Varieties at Seedling Stage in Northwest Bangladesh
4.1 Objectives
· To study the morphological and physiological characteristics of eight selected rice varieties at seedling stage grown in natural low temperature environment.
· To investigate the shoot and root growth, mortality and germination rate and dry matter partitioning in seedlings.
· To determine the antioxidant enzyme activities, leaf proline content, chlorophyll and water relations of rice seedlings.
· To select/screen suitable Boro rice varieties of cold tolerance for successful seedling raising.

4.2 Introduction
Rice is the most important cereal crops, being a staple food for half of the world population by providing 76 % of the total caloric demand of South East Asia (Yamaji et al. 2007; Melissa et al. 2009). Cold stress at seedling stage is a major constraint in Boro rice production (Priyanka and Jaiswal 2017). Currently, rice is the second most consumed cereal in the world and production losses caused by extreme temperature events in the context of major climatic changes can have major impacts on the world economy (De Freitas et al. 2019). Cold temperature, a common environmental stress in the temperate zone, affects numerous biochemical, physiological, and metabolic functions in plants (Sarker et al. 2015). A numerous research works has been carried out worldwide with low temperature stress on rice crop (Sarkar et al. 2013; Haque et al. 2016; Yadav 2010). In the national economy of Bangladesh, rice plays an important role likewise it is a staple food of many developing countries of the world (Trans 2001; Faruq et al. 2010). Low temperature causes irreversible injury in leaves, such as necrosis (Suzuki et al. 2008; Ye et al. 2009) and chlorosis (Andaya and Mackill 2003).

Being the important food item of the world, rice (Oryza sativa L.) is the source of 76 % of the total caloric demand of the south East Asia (Ma et al. 2007; Melissa et al. 2009). Rice stands next to wheat in the global food grain production (Roy et al., 2015). Physiology of crop changes due to exposure to low temperature crop (De Los Reyes et al. 2015) like reduction in total chlorophyll content (Ghaee et al. 2011), limitation of photosynthetic activity (Allen and Ort, 2001; Díaz et al. 2006) and oxidative stress. Non-uniform plant height is the result of low temperature effect at seedling stage (Cruzda et al. 2006). During seedling stage low temperature results poor germination, stunted seedling growth and seedling mortality (Pathak et al. 2003). 

Other major cereals, more than 90 % of rice are consumed by humans (Tuteja et al. 2012). Rice is the staple food for the people and in the national economy plays a vital role in Bangladesh (Golam et al. 2005; Tran et al. 2001). In the world, Bangladesh is the fourth largest rice producer and consumer country and provides 75 % of the calories and 55 % of the protein in the average daily diet (Bhuiyan et al. 2002). As a cereal grain, rice is most widely consumed staple food for a large part of the world’s population, especially in Asia. Approximately, half of the world’s population derives a significant proportion of their caloric intake from rice consumption. Rice sector contributes one-half of the agricultural GDP and one-sixth of the national income in Bangladesh (BRRI 2011). It is produced annually at worldwide levels of more than 600 million tons and will be more than 800 million tons as early as 2025 (Green et al. 2005). It is reported that more than 90 % of rice is consumed by humans (Tuteja et al. 2012). Stressors or stress factors are defined as extreme environmental conditions that induce functional changes in plants to such an extent that stress of the organism develops, resulting in inhibited growth, reduced bio production, physiological acclimatization and adaptation of species or some combination of these changes (Grime 1993; Nilsen et al. 1996). In other words, stress in physical terms is defined as mechanical force per unit area applied to an object both biotic abiotic stresses are generally understood as the reaction of a biological system to extreme environmental factors that, depending on their intensity and duration, may cause significant changes in the system (Nilsen and Orcutt 1996; Godbold 1998). Abiotic stresses cause losses worth hundreds of million dollars each year due to reduction in crop productivity and crop failure. These stresses cause water reduction and osmotic changes in the cellular milieu, suppress the activities of cellular molecules, and can result in reduced growth and extensive losses in agricultural production (Xiogn et al. 2002). 

In response to these stress factors, various genes are unregulated, which can mitigate the effect of stress and lead to adjustment of the cellular milieu and plant tolerance. Abiotic stress in fact is the principle cause of crop failure worldwide, dipping average yield for most major crops by more than 50 % (Eshghi et al. 2010). 

Rice, like other cultivated crops, has relative variable temperature preferences over the growing season. Deviation from the stage-dependent optimum temperature will alter the physiological activities or lead to a different developmental pathway (Downton and Slatyer 1972). This cold sensitive crop has originated in tropical and subtropical areas and low temperatures dramatically reduce its production (Kuroki et al. 2007).  Ninety percent of the world’s rice is produced and consumed in Asia, where irrigated and rainfed rice ecosystems form the mainstay of food security in many countries (Wassmann et al. 2009). It is consumed by about 3 billion people and is the most common staple food of a large number of people on earth; in fact, it feeds more people than any other crop (Maclean et al. 2002). This important cereal crop accounts about 50 % to 80 % of total calories obtained from cereals (Delseny et al. 2001).

Bangladesh has a large agrarian base with 76 % of total population living in the rural areas and 90 % of the rural population directly related with agriculture. The population growth rate is two million per year. According to this rate, the total population will become 233.2 million within 2050. However, it faces a tremendous challenge for providing food security to the increasing population. Therefore, it is imperative to increase rice production in order to meet the growing demand for food emanating from population growth. Increasing food production and attaining food security in Bangladesh require sustainable growth and development of agricultural sector. Among different groups of rice, dry season (Boro rice) cover about 43.6 % of total rice area and it contributes to 61.3 % of the total rice production in Bangladesh (BBS 2008). A numerous research works has been carried out worldwide with low temperature stress on rice crop. Exposure to low temperatures is of primary concern during the seedling and reproductive stages.
Seedlings subjected to prolonged exposure (i.e., several days to weeks) can exhibit necrosis and mortality while shorter or intermittent exposure often leads to yellowing (chlorosis) and stunting (Kim et al. 2012). Compared to other cereal crops such as wheat (Triticum aestivum) and barley (Hordeum vulgare), rice is much more sensitive to low temperature as a result of its tropical origin (Cruz and Milach 2004). As reported by Tuteja et al. (2012) low temperature at the seedling stage can result in poor germination, stunted seedlings, yellowing or withering and reduced tillering. At lower temperatures, stress tolerance can be induced by exposure to reduced temperature and this is known as chilling tolerance and/or cold acclimation. Chilling has been known to severely inhibit plant reproductive development in many crop plant species such as rice displaying sterility when exposed to chilling temperature during anthesis (Jiang et al. 2002). Chilling tolerance is the ability of a plant to tolerate low temperatures (0 °C to 15 °C) without injury or damage (Somerville 1995), while cold acclimation is an enhanced tolerance to the physical and physicochemical vagaries of freezing stress (Thomashow, 1999). The chilling effect is manifested by physiological perturbations, generally called low-temperature injury (Yan et al. 2010; Zhang et al. 2010). The reduction in seedling growth of rice due to low temperature is one of the major problems in tropical and subtropical areas. However, the occurrence of low temperature stress during the early growth stages of rice inhibits seedling establishment, eventually leads to nonuniform crop maturation and dramatically reduce its production (Aghaee et al. 2011). 
As the cold environment has numerous adverse effects on raising rice seedling as well as on rice production, we should screen out cold stress tolerant rice variety or varieties suitable for the Boro season cultivation under prevailing temperature (around 15 °C) in Bangladesh. Therefore, the research work had been carried out to find out suitable cold tolerant rice varieties for Boro season to manage seasonal cold environment in Northern Bangladesh Plant growth and productivity is adversely affected by nature’s wrath in the form of various abiotic and biotic stress factors. Plants are frequently exposed to a plethora of stress conditions such as low temperature, salt, drought, flooding, heat, oxidative stress and heavy metal toxicity. These stresses may induce the production of compounds that are structurally and biologically different from constitutive compounds (Tharayil et al. 2011). Among the stresses, temperature stress act as an abiotic stress factor that has a strong impact on the survival, growth, reproduction and distribution of plants in large area of the world (Boyer 1982). Each plant has its unique set of temperature requirements, which are optimum for its proper growth and development. Every single plant is characterized by a certain genetically fixed level of resistance to low temperatures, which reduces its metabolic activity.  This level of resistance can vary among individual plants and species.
Thus, the Boro rice cultivation with increased yield now a possible one of the ways and means to fulfill the additional food requirement. Nevertheless, the issues of climate change make the pressure more acute in achieving target of future food security. Like other parts of the world, Bangladesh is also experiencing the effect of comparatively short duration low temperature on the crop production especially during the seedling raising period for Boro crops. About 10 % to 20 % of Boro rice seedlings are damaged every year because of low temperature in mid-December to mid-January in greater Dinajpur and Rangpur districts (Kulchhum 2011) of Bangladesh. 
Cold stress is a major problem for rice production in temperate and high-altitude tropical regions at temperatures below 15 °C to 20 °C. Rice plants exposure to low temperatures is of primary concern during the seedling and reproductive stages. Seedlings subjected to prolonged exposure (i.e. several days to weeks) can exhibit necrosis and mortality while shorter or intermittent exposure often leads to yellowing (chlorosis) and stunting. Thus, cold stress may result in poor stand establishment, delayed growth and non-uniform maturation. Cold tolerance is especially important in production systems involving direct seeding into soil or flooded fields, which are becoming more widespread. While rice plants are sensitive to low temperatures, genetic variation does exist with regard to tolerance. Of the major subspecies, japonica (temperate and tropical) varieties are known to generally withstand cold stress better than indica (Mackill and Lei 1997). 
4.3 Materials and Methods
The present research work was conducted at the research field of the Department of Agricultural Chemistry, Hajee Mohammad Danesh Science and Technology University, Dinajpur, Bangladesh during the period of December, 2018 to February, 2019 where natural low temperature stress during seed germination and seedling growth stage were studied in order to screen out relatively low temperature stress tolerant Boro rice cultivar(s) for facing upcoming rice production challenge. 
4.3.1 Experimental Site and Soil
The research field of the Department of Agricultural chemistry, HSTU, Dinajpur located in 25.13°N latitude and 88.23°E longitude and at an elevation of 34.5 m above the mean sea level. This site belongs to AEZ-1 (Agro-ecological Zone-1) categorized as Himalayan Piedmont Plain as classified by UNDP and FAO (1988). The experimental field was a medium high land having sandy loam soil with soil pH 6.0. As per initial soil test report, the experimental site soil contained 0.07 % total nitrogen, 1.17 % organic matter, 13.77 ppm available phosphorus, 0.225 meq/100 g available potassium, 38.59 ppm available sulphur and 0.56 ppm Boron. 
4.3.2 Climate and Weather
The research work was conducted during Boro season (December, 2018 to February, 2019) which is also known as dry season or Rabi season. The experimental area possesses subtropical climatic condition. The air temperature was relatively low at the beginning of the season and was lowering with advancement of the experiment, followed by subsequent increasing toward Kharif with occasional gusty winds. No rainfall was detected during experimental period. The meteorological information during the experimental period related to air temperature at a regular interval are represented in Appendix 1. 
4.3.3 Planting Materials
This research work was conducted using eight selected rice varieties taken from both hybrid, high yielding varieties (HYV) and indigenous rice varieties, Seeds of these selected rice varieties were collected from different part of the country before initiation of research work. The name of the chosen varieties along with their production nature is represented in Table 4.1.
Table 4.1 Variety Number, Name and Nature of Selected Rice Varieties

	Variety number
	Name of rice cultivar
	Nature of rice cultivar

	V1
	BRRI hybrid dhan3
	HYBRID

	V2
	BRRI hybrid dhan5
	HYBRID

	V3
	BR18 (Shahjalal)
	HYV

	V4
	BRRI dhan28
	HYV

	V5
	BRRI dhan29
	HYV

	V6
	Lafaiya (Lakhai)
	Indigenous

	V7
	Biron dhan
	Indigenous

	V8
	Jagli
	Indigenous



4.3.4 Treatment Array and Experimental Design
The experiment was implemented for studying the effect of low temperature on different rice varieties and to screen out relatively low temperature tolerate cultivar(s) from them. The experiment was designed following Randomized Complete Block Design (RCBD) technique with three replications. 
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Figure 4.1 Layout of Experimental Design for Growing Rice Seedling
The whole area was divided into three blocks and each block was divided into 8 (eight) units maintaining plot dimension to 2 m×2 m. The plot-to-plot distance was 30 cm. The eight selected rice varieties were regarded as treatments in this study assigned with three replications (Figure 4.1).
4.3.5 Land Preparation and Fertilizer Application
The experimental land was first ploughed with a tractor. The land was then ploughed and cross-ploughed three times with Power-tiller followed by laddering to obtain the good tilth. 
The corners of the experimental field were spaded well and larger clods were broken into smaller pieces. All the stubbles and weeds like Mutha (Cyperus rotundus), Chapra (Eleusine indica), Bermuda grass (Cynodon dactylon) etc. were removed from the field carefully. The land was leveled well with addition of water and made ready for the purpose of preparing wet seedbed. Each experimental plot was fertilized with chemical fertilizers based on the initial soil test report. Most of the urea fertilizer was applied as basal dose during the final land preparation. Rest of urea was top dressed after 20 days of seeding at the seedbed. Triple Super Phosphate (TSP) and Muriate of Potash (MoP) were applied by following recommended dose (SRDI 2009) for rice seedlings as stated in Table 4.2.
Table 4.2 Recommended Dose of Fertilizers Applied in Research Field
	Fertilizers
	Dose (kg ha-1)
	Quantity plot-1

	Urea
	220
	88 g

	TSP
	200
	80 g

	MoP
	200
	80 g



4.3.6 Seed Sowing, Weeding and Irrigation
The seeds of selected eight rice varieties were sown in previously prepared seedbed. The sprouted seeds were placed in individual plots without any biasness at the rate of 330 g per plot. Proper irrigation was made as and when needed. To make the experimental plot weed free, weeding was done at 20 and 27 days after sowing (DAS).
4.3.7 Data Collection
The data regarding various relevant parameters were collected accordingly during the experimental period. The parameters studied are-
a. Morphological
b.  Physiological 



4.3.8 Determination of Root and Shoot Lengths
The root and shoot length of rice seedlings was measured by using scale having millimeter (mm) divisions for accurate determination. The shoot length was determined by placing measuring scale at the transitional zone of root and shoot toward top of the leaves. For measuring root length, the whole seedling was uprooted with the help of khupri keeping the root zone undisturbed. Then the collected root zone was washed carefully with running water so that all roots remained intake. Then the measurement of root length was made by placing the scale at transitional zone of root and shoot towards root apex. 
4.3.9 Determination of Root and Shoot Dry Weights
The sample collected for fresh weight determination was used for measuring the dry weight of shoot and root of rice seedlings. The shoot and root portions of samples were oven dried at 60 oC for 72 hours separately followed by drying at room temperature for 72 hours. After complete drying, the dried root and shoot of rice seedlings were weighed and averaged carefully.
4.3.10 Determination of Germination Percentage
The germination percentage was determined at field level at the initial stage of the experiment. This was done by counting the number of germinated seed and total number of seed within a marked area. This counting was done after 10 days of first germination (DAG). The percent germination was first calculated using following formula.
Percent germination =  × 100
4.3.11 Determination of Proline Content of Rice Seedling
Fresh leaf samples from rice seedlings at different times were used for the determination of proline. Free proline content was estimated using the acid ninhydrin method described by Bates et al. (1973). About 40 mg to 50 mg of fresh leaf sample by weight was collected in an Eppendorf tube containing 0.5 mL 3 % sulfosalicylic acid and homogenized well using Eppendorf pastel. It was then placed on a vortex mixer for about 10 minutes. Then 0.5 mL of 3 % sulfosalicylic acid was added in it again. The Eppendorf tube was then centrifuged for 20 minutes at 25 oC temperature with 15000 rpm speed. Then the supernatant was collected in a test tube carefully with the help of micropipette.  Then 1.0 mL of 3 % sulfosalicylic acid was added again to the Eppendorf tube and centrifuged for 20 minutes at 25 °C temperature with 15000 rpm speed followed by mixing well using vortex mixer for 10 minutes. The supernatant was collected and added to the previously collected supernatant. Acid ninhydrin solution was made by adding 1.25 g ninhydrin with 30 mL glacial acetic acid and 20 mL of 6 M phosphoric acid and warmed it until it dissolved. Standard proline solution was also prepared by adding 0, 1, 5, 20, 50, 100, 150, 200 and 300 µg per 2 mL of 3% sulfosalicylic acid in test tubes for preparing standard curve. Then 2 mL each of glacial acetic acid and acid ninhydrin solution were added to the test tubes containing sample and standard proline solution. The test tubes were then heated for 15 minutes in dry block heater maintaining 96 °C to 100 °C temperature and the reaction was terminated in an ice bath. 
The optical density of the solutions (sample and standard solution) was measured at 520 nm wave length using UV-visible spectrophotometer. The amount of proline was determined from a standard curve. 
4.3.12 Determination of Chlorophyll Content and Total Carotenoid Content of Rice Seedling
The chlorophyll content of rice seedling was determined by following method described by Arnon (1949). Total chlorophyll was determined using the formula given by Porra (2002). An exactly 0.1 g fresh leaf tissue of rice seedling was taken in a test tube containing 10 mL of 80 % acetone. It was then shaken overnight using a electric horizontal shaker. The optical density or absorbance of the supernatant was measured by using UV-visible spectrophotometer at different wavelengths.  As 80 % acetone was used in this study, the absorbance was measured at 663 nm, 645 nm and 470 nm wavelength for chlorophyll-a, chlorophyll-b, total chlorophyll and carotenoid content. The concentration of chlorophyll-a (Chl-a), chlorophyll-b (Chl-b), total chlorophyll and total carotenoid was measured by using following formulae.
Chl-a= 12.21 A663-2.81A646 	 (µg ml of plant extract¹ or mg g-1 fresh weight)
Chl-b=20.13 A646 – 5.03 A663
Total chlorophyll = 17.76 (A646) + 7.34 (A663)
Total carotenoid = 

4.3.13 Statistical Analysis
The data for different parameters were compiled and tabulated accordingly. The collected data were analyzed statistically for the analysis of variance (ANOVA) and means were compared by Duncan’s Multiple Range Test (DMRT) as described by Gomez and Gomez (1984) using the statistical computer package program, STATISTIX 10 if the ANOVA was significant.

4.4 Results and Discussion
This study was conducted in order to compare different aspects of the physiological and biochemical processes of eight selected rice varieties differing in chilling sensitivity in respect to seedling growth at prevailing low temperature environmental condition. The selected rice varieties suitable for Boro season cultivation for finding out cold tolerant were BRRI hybrid dhan3 (V1), BRRI hybrid dhan5 (V2), BR18 Shahjalal (V3), BRRI dhan28 (V4), BRRI dhan29 (V5), Lafaya (V6), Biron dhan (V7), and Jagli (V8) which were taken from both local and high yielding varieties for obtaining diverse genotypic responses. Plants have a number of mechanisms to cope with stresses in their environment, which include such physical conditions as water (too much as well as drought), temperature (hot and cold), saline soils and oxygen deprivation, as well coping with biotic stresses such as predators and pathogens. As the exact defense mechanism of rice plants to low temperature stress is still unknown, various physiological and biochemical parameters were studied under this research work in order to find out best related responses. All parameters were studied in relation to temperature condition. 
4.4.1 Shoot Length
The variability in shoot length of rice seedling has been shown in Table 4.3. At 14 DAS, the highest shoot length was measured in Lafaya (11.53 cm) which was statistically similar to Biron ad Jagli and the second highest were BR-18, BRRI hybrid dhan3, BRRI dhan28 and BRRI dhan29 and the lowest shoot length was observed in BRRI hybrid dhan5 (7.10 cm). The Lafaya cultivar also had highest shoot length at 21 DAS. The BRRI hybrid dhan3 (V1) cultivar showed the lowest shoot length at 21 DAS. The BRRI hybrid dhan5 (V2) cultivar showed the highest shoot length (18.53 cm) at 28 DAS and Biron and Jagli cultivars gave the lowest shoot length at 28 DAS.
A significant difference was observed in shoot length among different cultivars (Table 4.3). However, the Lafaya, Biron and Jagli rice cultivars showed better performance in relatively low temperature (below 15 °C) during the early growth period while the performance of V2 had the lowest at 14 DAS. Surprisingly, the seedling growth was increased in hybrid cultivars at 28 DAS.
Table 4.3 Variation in Shoot Length in Rice Varieties at Different DAS
	 
Variety
	Plumule/Shoot length (cm)
  

	
	 14 DAS
	21 DAS 
	28 DAS 

	BRRI hybrid dhan3
	8.53b
	9.33g
	17.58b

	BRRI hybrid dhan5
	7.10c
	9.83f
	18.53a

	BR18 (Shahjalal)
	9.15b
	12.13c
	15.13d

	BRRI dhan28
	8.40b
	11.58d
	15.83c

	BRRI dhan29
	8.33b
	10.93e
	14.38e

	Lafaya (Lakhai)
	11.53a
	14.78a
	15.43cd

	Biron dhan
	11.00a
	13.20b
	13.40f

	Jagli
	10.53a
	13.28b
	13.33f

	SE
	0.51
	0.21
	0.2793

	LSD
	1.056
	0.445
	0.581

	% CV
	7.71
	2.53
	2.56


	  
It was found that the growth rate of shoot length was increased with increasing temperature and time. The variation among the varieties might be due to their genetical make up. At 28 DAS, the highest shoot length was in BRRI hybrid dhan5 (18.53) followed by BRRI hybrid dhan3 (17.58 cm).  Similar result was obtained by Sarker et al. (2020), Haque et al. (2016), Sikder and Paul (2010).  The growth rate of shoot as well as whole plant also depends on various environmental factors. Temperature is one of them, which significantly control the range of plant growth. Each plant has its optimum growth temperature but 18 °C to 21 °C temperature is considered as optimum for most of the temperate plants for subsequent growth and development (Junttila, 1986). This experimental result showed that the growth rate of selected rice varieties varied due to change of prevailing air temperature during the experimental period.
4.4.2 Root Length
For subsequent growth and development of plants, there should have optimum environmental temperature as the activation of various functional enzymes needs proper temperature along with other requirements. Proper root growth of maximum plant species requires 27 °C to 30 °C soil as well as environmental temperature (Drennan and Nobel 1998). Any deviation from this optimum level of temperature leads to the decrease root growth rate. 
Present study revealed that low temperature was found to have great impact on root growth. In this study, the root length of selected rice varieties was varied significantly which is shown in Table 3.4. At 14 DAS, the highest root length 3.70 cm was measured in BRRI hybrid dhan5 which was statistically similar to BRRI hybrid dhan3 variety. The lowest root length 2.25 cm was observed in Lafaya which was statistically similar to Biron plants (2.30 cm) and Jagli (2.53 cm). Similar root growth pattern was observed at 21 DAS and 28 DAS, respectively. BRRI hybrid dhan3, BRRI hybrid dhan5 and BRRI dhan29 varieties showed the highest root growth at 21 DAS whereas Lafaya, and Biron showed the lowest root growth. The Lafaya cultivar had the lowest root length during the experimental period while the lowest air temperature was below 13 °C except 28 DAS. At final 28 DAS, the highest root length was found in BRRI hybrid dhan3 and BRRI hybrid dhan5 (4.30 cm and 4.58 cm) which was also best performer among HYV varieties and the lowest root length was measured in Lafaya. 






Table 4.4 Variation in Root Length in Rice Varieties at Different DAS
	 
Variety
	Radicle/ Root length (cm)  

	
	 14 DAS
	21 DAS 
	28 DAS 

	BRRI hybrid dhan3
	3.36a
	3.83a
	4.30a

	BRRI hybrid dhan5
	3.70a
	4.13a
	4.58a

	BR18 (Shahjalal)
	2.35d
	2.78d
	3.50bc

	BRRI dhan28
	2.75bc
	3.20bc
	3.80b

	BRRI dhan29
	2.93b
	3.35b
	4.33a

	Lafaya (Lakhai)
	2.25d
	2.68d
	2.85d

	Biron dhan
	2.3d
	2.73d
	3.13cd

	Jagli
	2.53cd
	2.93cd
	3.28c

	SE
	0.17
	0.17
	0.18

	LSD
	0.356
	0.350
	0.376

	% CV
	8.74
	7.43
	6.88



4.4.3 Total Seedling Length
There was a significant difference of total seedling length among the tested rice varieties (Table 4.5). At 14 DAS, the highest total seedling length 13.78 cm was measured in BRRI hybrid dhan5 which was statistically similar to Biron variety. The lowest root length 10.80 cm was observed in BRRI hybrid dhan5 which was statistically similar to BRRI hybrid dhan3, BR18, BRRI dhan28 and BRRI dhan29 plants. Similar total seedling growth pattern was observed at 21 DAS and 28 DAS, respectively. BRRI hybrid dhan3, BRRI hybrid dhan5 and BRRI dhan29 varieties showed the highest total seedling growth at 21 DAS whereas Lafaya and Biron showed the lowest total seedling growth. The Lafaya cultivar had the lowest total seedling length during the experimental period while the lowest air temperature was below 13 °C except 28 DAS. At final 28 DAS, the highest total seedling length was found in Lafaya followed by and Biron and Jagli plants, respectively. In the present study, total seedling length was greater in indigenous varieties than those of HYV and hybrid rice. 



Table 4.5 Total Seedling Length of Eight Different Varieties
	 
Variety
	 Seedling Length (cm)


	
	 14 DAS
	21 DAS 
	28 DAS 

	BRRI hybrid dhan3
	11.9bc
	12.15e
	13.63e

	BRRI hybrid dhan5
	10.8c
	12.58de
	14.4d

	BR18 (Shahjalal)
	11.48c
	13.25c
	15.63c

	BRRI dhan28
	11.15c
	12.83cd
	15.38c

	BRRI dhan29
	11.25c
	12.85cd
	15.25c

	Lafaya (Lakhai)
	13.78a
	15.33a
	17.63a

	Biron dhan
	13.30a
	14.55b
	16.33b

	Jagli
	13.05ab
	14.45b
	16.55b

	SE
	0.57
	0.28
	0.19

	LSD
	1.177
	0.587
	0.403

	% CV
	6.62
	2.96
	1.76



4.4.4 Total Seedling Dry Weight 
The amount of dry matter production of plant depends upon the genetic makeup and surrounding conditions. Temperature has a great impact on plant dry matter production. Low temperature severely reduces the dry weight content of plant (Hnilickova et al. 2002). In this study, a significant variation in shoot dry weight of selected rice varieties was found in relation to prevailing environmental temperature. The production of percent shoots dry weight decreased in response to low environmental temperature. The genetic makeup of the varieties might responsible for the variation in percent shoot dry weight obtained in a day. Plants having highest percent shoot dry weight are definitely lower temperature stress tolerate than the other varieties. 
A statistically significant differences in total seedling weight was among the tested rice varieties. In this study, variation in seedling dry weight production was observed during the experimental period (Table 4.6). At 14 DAS, the highest shoot dry weight was found in BRRI hybrid dhan5 (0.022 g) followed by BRRI hybrid dhan3 (0.020 g) and the lowest value was observed in Biron (0.010 g).  The BRRI hybrid dhan5 cultivar had the highest seedling dry weight during the experimental period with air temperature below 15 °C. Similar growth pattern was monitored at 21 and 28 DAS for tested rice varieties that hybrid rice seedling had the highest than those of HYV rice. The lowest seedling dry weight was for indigenous varieties in the present study. Overall, the BRRI hybrid dhan5 showed superior performance during the experimental period and Jagli was superior among the local varieties.
Table 4.6 Total Seedling Dry Weight of Eight Different Varieties
	Variety
	 Seedling dry weight (g)

	
	 14 DAS
	21 DAS 
	28 DAS 

	BRRI hybrid dhan3
	0.020b
	0.024b
	0.032a

	BRRI hybrid dhan5
	0.022a
	0.026a
	0.032a

	BR18 (Shahjalal)
	0.014e
	0.017e
	0.030b

	BRRI dhan28
	0.017c
	0.020c
	0.027cd

	BRRI dhan29
	0.016d
	0.019d
	0.028bc

	Lafaya (Lakhai)
	0.013f
	0.016f
	0.025de

	Biron dhan
	0.010g
	0.013g
	0.023f

	Jagli
	0.014e
	0.017e
	0.023ef

	SE
	 0.0004
	0.0003
	0.0011

	LSD
	0.0014
	0.0012
	0.0024

	% CV
	3.40
	2.20
	  4.91



4.4.5 Root Dry Weight 
The growth of root depends upon the soil nutrient availability and other conditions including soil as well as environmental temperature. The effect of low temperatures on dry matter partitioning between shoot and roots is difficult to predict because temperature may affect directly water and nutrient uptake as well as other physiological and biochemical processes inside the plant body.
In this study, a significant variation in root dry weight was observed during the experimental period (Table 4.7). At 14 DAS, the highest root dry weight was found in V2 (0.0074 g) while the lowest value was observed in V7 (0.0031 g). The root dry weight of V1 along with V2 rice cultivar was also superior at 21 DAS and 28 DAS. Overall V1 and V2 hybrid cultivar showed better performance than those of other cultivars.  At 28 DAS, the V1 and V2 cultivars produce as much as 0.0284 g and 0.0283 g dry matter in root while the lowest dry matter in root was in V8 which was from indigenous cultivar. The data obtained at various DAS regarding selected rice varieties are statistically different. 
Table 4.7 Root Dry Weight of Rice Varieties at Different DAS
	Variety
	14 DAS
	21 DAS
	28 DAS

	BRRI hybrid dhan3
	0.0063ab
	0.0071a
	0.0284a

	BRRI hybrid dhan5
	0.0074a
	0.0070a
	0.0283a

	BR18 (Shahjalal)
	0.0038ab
	0.0042bc
	0.0258ab

	BRRI dhan28
	0.0039ab
	0.0047abc
	0.0230c

	BRRI dhan29
	0.0053ab
	0.0054ab
	0.0247bc

	Lafaya (Lakhai)
	0.0034ab
	0.0027c
	0.0227cd

	Biron dhan
	0.0031b
	0.0033bc
	0.0202de

	Jagli
	0.0033b
	0.0037bc
	0.0198e

	
LSD
	0.0003
	0.0002
	0.0026

	% CV 
	31.10
	18.01
	6.23



As result obtained in this study, the BRRI hybrid dhan3 and BRRI hybrid dhan5 showed better performance during the experimental period. Among the HYV varieties, the BRRI dhan28 and BRRI dhan29 were superior. It was found that root dry weight of rice varieties decreased with low temperature and increased with raising temperature. However, the combined effect of low temperature on plant might be responsible for the lowering of percent root dry weight of selected rice varieties. Similar result was obtained by Nagasuga et al. (2011), Engels (1994) and Barta (1978). The genetical variations of the varieties might be responsible for the variation in root dry weight percentage obtained in a day. Plants having highest percentage of root dry weight are definitely lower temperature stress tolerate than the other varieties.

4.4.6 Seedling Survival (%)
Seeds require a certain temperature in order to germinate. Each plant has a specific optimum and a range of temperature within which impact on seed germination, seedling survival during early stage. The closer the temperature is too optimum the quicker germination and survival ability will take palce. The seeds of maximum rice varieties germinate at around 25 °C (Fujino et al. 2004). Any deviation from this optimum temperature (low and high temperature stress) decreases the germination rate. However, the impact of temperature stress on plants depends upon the genetical make up of respective plant species. 
Table 4.8 Seedling survival and mortality of Rice Varieties after 10 days of Germination (DAG) 
	Variety
	(%) Survival
	(%) Mortality rate

	BRRI hybrid dhan3
	89.00a
	11.00f

	BRRI hybrid dhan5
	90.00a
	10.00f

	BR18 (Shahjalal)
	76.50b
	23.50e

	BRRI dhan28
	77.25b
	22.75e

	BRRI dhan29
	74.00c
	26.00d

	Lafaya (Lakhai)
	61.25e
	38.75b

	Biron dhan
	65.00d
	35.00c

	Jagli
	55.00f
	45.00a

	SE
	1.091
	1.091

	LSD
	2.269
	2.269

	CV%
	2.10
	5.82


This study period was characterized by the air temperature below 15 °C. A significant variation was observed in seedling survival percentage of selected rice varieties which was shown in (Table 4.8). The highest seedling survival percentage was recorded in BRRI hybrid dhan5 (90 %) followed by BRRI hybrid dhan3 (89 %), BRRI dhan28 (79 %), BR18 (76.50 %), BRRI dhan29 (74 %), Biron (65 %), and Lafaya (61.25 %), respectively. The lowest seedling survival percentage was found in Jagli (55 %). The cultivar having the highest seedling survival percentage is more resistance to low temperature stress than those of other varieties. Similarly, low temperature effect on seed germination was observed by Sarker et al. (2020); Guan et al. (2009); Schonbeck and Egley (1980). It is revealed that higher percentage of germination rate under low temperature indicated more resistance to cold stress.
On the contrary, seedling mortality was increased in the indegenous varieties compared to HYV and hybrid rice varieties. The highest mortality was found in rice cv. Jagli while the highest mortality was in the BRRI hybrid dhan5 followed by BRRI hybrid dhan3 which was tatistically similar. The present finding showed that a statistically difference was among the rice varieties. The indegenous varieties alwayes showed the sensitive to cold stress but the hybrid dhan and HYV rice. 
4.4.7 Proline Synthesis
Proline, a non-essential amino acid, plays a vital role in plant defense mechanism against both biotic and abiotic stresses. Proline is regarded to have multiple roles in stress tolerance in plants. Plants accumulate free proline in response to the imposition of environmental stresses such as low temperature, drought and high salinity. Amino acids including proline are considered as key factors in metabolism and development of higher plants (Hare et al. 1998; Nanjo et al. 1999). 
A wide difference in proline synthesis among the varieties studied was observed during seedling growth period in low temperature condition. The proline synthesis by selected varieties at different times during the experiment are shown in (Table 4.9). At 7, 14, 21 and 28 DAS, the highest proline content was found in BRRI hybrid dhan5 seedlings at ambient and also at 6 oC temperature while the lowest proline content was observed in Lafaya and Biron seedlings in both conditions. The proline content was comparatively higher in hybrid rice seedling than those of HYV (BR18, BRRI dhan28 and BRRI dhan29) followed by indigenous varieties (Lafaya, Biron and Jagli), respectively. As the cold treatment (6 °C) applied to the seedlings, proline content was increased. It was observed for all the cases during the study which was evidently revealed that rice seedling synthesized more proline and might have potentiality to combat during cold stress. The highest proline content was 0.828 mg g-1 FW at 7 DAS by BRRI hybrid dhan5 and the lowest was 0.513 mg g-1 FW by Lafaya that was statistically similar to Biron (0.525 mg g-1 FW) at 7 DAS. While cold temperature of 6 oC was imposed, the proline content was increased in all the cultivars.  

In this study, the amount of proline synthesis of different rice varieties showed greatly variable at different times of the experimental period. The result showed that the rice seedlings tended to accumulate the highest proline up to 0.93 mg g-1 FW in BRRI hybrid dhan5 rice cultivar at ambient temperature while lowest 0.58 mg g-1 in Lafaya rice cultivar under ambient temperature at 28 DAS, respectively. Among the tested seedlings, all the cultivars showed the stimulatory effect on proline synthesis under low temperature.  Likewise ambient temperature, the cold temperature of 6 °C, the BRRI hybrid dhan5 (V2) synthesized more proline content (1.62 mg g-1 FW) in leaves than those of other cultivars.

Table 4.9 Leaf Proline Content (mg g-1 FW) Synthesized by Rice Seedlings of Eight Varieties at Different DAS
	Variety
	07 DAS
	16 DAS
	21 DAS
	28 DAS

	
	Ambient
	   6 oC
	Ambient
	  6 oC
	Ambient
	  6 oC
	Ambient
	   6 oC

	BRRI hybrid dhan3
	0.79b
	0.90a
	1.10b
	1.72b
	1.23b
	2.06b
	0.89b
	1.54b

	BRRI hybrid dhan5
	0.83a
	0.94a
	1.16a
	1.81a
	1.30a
	2.17a
	0.93a
	1.62a

	BR18 (Shahjalal)
	0.65d
	0.73cd
	0.91d
	1.41d
	1.02d
	1.70d
	0.73d
	1.27d

	BRRI dhan28
	0.63d
	0.75bc
	0.88e
	1.37d
	0.98d
	1.64d
	0.71d
	1.22d

	BRRI dhan29
	0.70c
	0.81b
	0.98c
	1.53c
	1.10c
	1.84c
	0.79c
	1.37c

	Lafaya (Lakhai)
	0.51f
	0.62f
	0.72f
	1.12f
	0.80f
	1.34f
	0.58f
	1.00f

	Biron dhan
	0.53f
	0.64ef
	0.74f
	1.15f
	0.82f
	1.37f
	0.59f
	1.03f

	Jagli
	0.57e
	0.68de
	0.80e
	1.24e
	0.89e
	1.50e
	0.64e
	1.11e

	SE
	0.017
	0.028
	0.023
	0.036
	0.026
	0.043
	0.019
	0.032

	LSD
	0.034
	0.057
	0.048
	0.075
	0.054
	0.090
	0.039
	0.067

	% CV
	3.59
	5.13
	3.59
	3.59
	3.59
	3.59
	3.59
	3.59


There are consistent reports concerning the function of proline in the chilling resistance of rice plants (Sarker et al. 2020). The higher level of free proline in cold-stressed plants has been suggested as a factor conferring chilling tolerance. In contrast, proline accumulation has also been considered as a symptom of injury rather than an indicator of low temperature tolerance (Hawrylak-Nowak et al. 2010). Similar result was revealed by Kamata and Uemura (2004) as they concluded that prolonged low temperature for 14 to 21 days generally increased the proline content and total amino acids in the cultivated wheat as well as local varieties during cold acclimation. It is evident that rice seedlings produced relatively higher amount of proline under low temperature environment. 
Proline accumulated in higher plants in response to various biotic and abiotic stresses such as water deficits and salinity and cold stress (Delauney and Verma 1993; Samaras et al. 1995; Taylor 1996; Rhodes et al. 1999; Gilmour et al. 2000) plays a major role in antioxidative stress as a hydroxyl radical scavenger (Matysik et al. 2002) regulation of NAD+/NADH ratio (Alia and Saradhi 1993) and as a protein-compatible hydro trope (Srinivas and Balasubramanian 1995). Plants produce proline in response to cold stress but its amount may vary to species to species as well as cultivar to cultivar (Van Swaaij et al. 1985; Gilmour et al. 2000). It has been reported that proline content was increased in the leaves of potato hybrids when the plants were subjected to cold acclimation treatment (Van Swaaij et al. 1985). 
In this present study, a wide variation in plant proline content was found. At cold stress imposed, tested rice seedlings synthesized higher amount of proline content in comparison to ambient condition as the seedling growth increased. 
So, because of the protective role of proline in plants under stress conditions, it can be said that rice seedlings of tested rice varieties having higher accumulated proline might be more adapted to cold stress than other varieties.
4.4.8 Leaf Chlorophyll-a 
Leaf /coleoptile chlorophyll-a is a specific form of chlorophyll used in oxygenic photosynthesis. It absorbs most energy from wavelengths of violet-blue and orange-red light (Peter et al. 2005). This photosynthetic pigment is essential for photosynthesis in eukaryotes, cyanobacteria and prochlorophytes because of its role as primary electron donor in the electron transport chain (Papageorgiou and Govindjee 2004). In this study, a significant difference in chlorophyll-a content was found among the seedlings of selected rice varieties. The variability of chlorophyll-a content in rice seedling has been shown in Table 4.10. 
There was a significant difference in chlorophyll-a production among the varieties studied was observed during seedling growth period in ambient and low temperature condition. The chlorophyll-a synthesis by selected varieties at different times during the experiment are shown in Table 4.10. A variability in chlorophyll-a content among the rice varieties was prominent at all different DAS. The highest chlorophyll-a content was found in BRRI hybrid dhan5 seedlings at ambient and also at 4°C temperature at 7, 14, 21 and 28 DAS, while the lowest chlorophyll-a content was observed in Biron seedlings in both conditions. The chlorophyll-a content was comparatively higher in hybrid rice seedling than those of HYV (BR18, BRRI dhan28 and BRRI dhan29) followed by indigenous varieties (Lafaya, Biron and Jagli), respectively. It was observed for all the cases, during the study which was evidently revealed that rice seedling synthesized more chlorophyll-a and might have potentiality to combat cold stress. The BRRI hybrid dhan5 seedling had the highest chlorophyll-a content was 13.35 mg g-1 FW at 7 DAS and the lowest was 10.32 mg g-1 FW by Lafaya that was statistically similar to V7 (10.39 mg g-1 FW) at ambient. At 6 °C temperature cold treatment applied to the seedlings, chlorophyll-a content was tended to decrease until 28 DAS.
The result showed that the rice seedlings tended to accumulate the highest chlorophyll-a content was 9.43 mg g-1 FW in BRRI hybrid dhan5 rice cultivar at ambient temperature while lowest 5.18 mg g-1 in Lafaya rice cultivar under ambient temperature at 28 DAS, respectively. Among the tested seedlings, all the cultivars showed the inhibitory effect on chlorophyll-a content synthesis under low temperature.  Notice is that the cold temperature of 6 °C condition, the BRRI hybrid dhan5 (V2) synthesized more chlorophyll-a content (7.38 mg g-1 FW) in leaves than those of other cultivars but relatively lower level as compare to ambient at 28 DAS. The more production of chlorophyll during cold temperature indicated more ability to continue the more photosynthesis and showed more resistance to cold stress.
Table 4.10 Chlorophyll-a Content (mg g-1 FW) Synthesized by Rice Seedling Leaf of Eight Cultivars at Different DAS
	Variety
	07 DAS
	14 DAS
	21 DAS
	28 DAS

	
	Ambiet
	6 oC
	Ambient
	6 oC
	Ambient
	6 oC
	Ambient
	6 oC

	BRRI hybrid dhan3
	12.65b
	12.37b
	8.15b
	6.15b
	4.05b
	3.97b
	8.15b
	6.15b

	BRRI hybrid dhan5
	13.35a
	13.38a
	9.38a
	7.38a
	5.28a
	4.98a
	9.38a
	7.38a

	BR18 (Shahjalal)
	11.18cd
	11.31cd
	7.31cd
	5.31c
	3.18c
	3.10c
	7.31cd
	5.31cd

	BRRI dhan28
	11.12d
	11.14d
	7.14d
	5.14c
	3.04c
	2.97c
	7.14d
	5.14d

	BRRI dhan29
	11.31c
	11.62c
	7.62c
	5.62bc
	3.52bc
	3.39bc
	7.62c
	5.62c

	Lafaya (Lakhai)
	10.32f
	9.18f
	5.18f
	3.43e
	1.35e
	1.30e
	5.18f
	3.18f

	Biron dhan
	10.39ef
	10.04e
	6.04e
	4.04d
	1.96d
	1.89de
	6.04e
	4.04e

	Jagli
	10.52e
	10.38e
	6.38e
	4.38d
	2.28d
	2.18d
	6.38e
	4.38e

	SE
	0.09
	0.219
	0.224
	0.277
	0.274
	0.301
	0.224
	0.316

	LSD
	0.190
	0.456
	0.465
	0.577
	0.571
	0.626
	0.465
	0.633

	% CV
	1.14
	2.78
	4.42
	7.57
	12.59
	14.32
	6.14
	6.87



In this study, the highest chlorophyll-a content was found in BRRI hybrid dhan5 seedlings at ambient temperature compare with other varieties at ambient as well as at 6 °C during the experiment time while the lowest chlorophyll-a content was observed in Lafaya seedlings at 6 °C temperature. The biosynthesis of chlorophyll-a in BRRI hybrid dhan5 considered the superior among the varieties studied during the experimental period. Similar variation in chlorophyll-a content in different rice varieties at low temperature during seedling growth stage was revealed by Shabnam (2017), Haque (2016) and Kulchhum (2016).
However, chlorophyll-a and b contained in leaves of higher plants are the main pigments of photosynthesis in the chloroplasts, and have important functions in the absorption and exploitation of the light energy, thereby influence photosynthetic efficiency (Pan and Dong 1995). Some studies have demonstrated that chlorophyll content is positively correlated with photosynthetic rate (Araus et al. 1997; Thomas et al. 2005). Low temperature is an environmental signal that regulates the metabolic changes in the entire Chlorophyll synthesizing pathway. Prolong low temperature may block the entire pathway of chlorophyll-a synthesis. Thus, the cultivar having more chlorophyll content during low temperature environmental condition is considered as more low temperature tolerate one. 
4.4.9 Leaf Chlorophyll-b Content
Chlorophyll-b absorbs energy from wavelengths of red light at 640 nm. It is the accessory pigment that collects energy and passes it on to chlorophyll-a. It also regulates the size of antenna and is more absorbable than chlorophyll-a. Thus, chlorophyll-a is the primary photosynthetic pigment while chlorophyll-b is the accessory pigment that collects energy. Therefore, the amount of chlorophyll-b content plant has a significant impact on the production of photosynthate. 
Table 4.11 showed that a statistically difference chlorophyll-b content was among the varieties studied during seedling growth period in ambient and low temperature (6 °C) condition. The highest chlorophyll-b content was synthesized by BRRI hybrid dhan5 seedlings at ambient and also at 6 °C temperature at all (7, 14, 21 & 28) DAS, while the lowest chlorophyll-b content was observed in Lafaya seedlings in both conditions. The chlorophyll-b content was comparatively higher in hybrid rice seedling than those of HYV (BR18, BRRI dhan28, BRRI dhan29) followed by indigenous varieties (Lafaya, Biron, Jagli), respectively. It was found for all the cases, during the study which was evidently revealed that rice seedling synthesized more chlorophyll-b that might protect cold stress by continuing photosynthetic activities. The BRRI hybrid dhan3 and BRRI hybrid dhan5 seedlings produced the highest chlorophyll-b content (2.63 mg g-1 and 2.69 mg g-1 FW) and significantly higher than those of other varieties at 7 DAS and the lowest was 1.18 mg g-1 FW by Lafaya at 14 DAS. Chlorophyll-b content was tended to decrease at later experiment time and decreased chlorophyll-b while the cold treatment (6 °C) imposed to the seedlings.
Table 4.11 Chlorophyll-b Content (mg g-1 FW) Synthesized by Rice Seedling Leaf of Eight Varieties at Different DAS
	Variety
	07 DAS
	14 DAS
	21 DAS
	28 DAS

	
	Ambiet
	6 oC
	Ambient
	6 oC
	Ambient
	6 oC
	Ambient
	6 oC

	BRRI hybrid dhan3
	2.63a
	2.54ab
	2.18c
	2.03b
	1.67b
	1.56b
	2.03b
	2.18b

	BRRI hybrid dhan5
	2.69a
	2.75a
	2.42a
	2.22a
	1.93a
	1.78a
	2.22a
	2.42a

	BR18 (Shahjalal)
	2.18d
	2.08cd
	2.21b
	1.49e
	1.29d
	1.22de
	1.49e
	2.21b

	BRRI dhan28
	2.35c
	2.26bc
	2.19b
	1.67d
	1.32d
	1.26d
	1.67d
	2.19b

	BRRI dhan29
	2.49b
	2.55ab
	2.33a
	1.96c
	1.42c
	1.36c
	1.96c
	2.33a

	Lafaya (Lakhai)
	1.21g
	1.32f
	1.18d
	1.20g
	1.12e
	1.09f
	1.20g
	1.18d

	Biron dhan
	1.58f
	1.44ef
	1.21d
	1.28f
	1.26d
	1.18e
	1.28f
	1.21d

	Jagli
	1.90e
	1.77de
	1.36c
	1.44e
	1.29d
	1.22de
	1.44e
	1.36c

	SE
	0.056
	0.170
	0.044
	0.030
	0.029
	0.025
	0.030
	0.044

	LSD
	0.116
	0.354
	0.310
	0.062
	0.060
	0.051
	0.062
	0.092

	% CV
	3.710
	11.54
	3.32
	2.55
	2.87
	2.62
	2.55
	3.32


The V2 cultivar was also superior all at (7, 14, 21 and 28 DAS) with chlorophyll b content when the temperature was below 13 °C and at 6 °C temperature.
There is a strong relationship between temperature and plant chlorophyll synthesis. Any deviation from the optimum condition leads to the development of chlorophyllase which is responsible for breaking down chlorophyll pigments (Erge et al. 2008). The variation of chlorophyll-b content in this study may be due to the varietal responses towards low temperature and chlorophyllase production. Interestingly likewise proline, the chlorophyll b content was also increased as the temperature was increased in the present study irrespective with the cultivars and time.
4.4.10 Chlorophyll-a/b Ratio
Chlorophyll-a/b ratio plays a vital role in plant acclimation. Porra (2002) reported that the determination of Chl-a and Chl-b and of Chl-a/b ratios have also played an important role in investigations of how higher plants and algae adapt their photosynthetic apparatus during acclimation. The ratio of chlorophyll-a and chlorophyll-b is directly related to temperature. Its content in plant varies in relation to temperature change (Haldimann 1999). 
In this study, a significant difference in chlorophyll-a/b ratio was found among the seedlings of selected rice varieties during the study period (Table 4.12). At 7 DAS, the highest chlorophyll-a/b ratio was found in Biron seedlings 5.94 at ambient temperature and 5.70 at 6 °C temperature in V6 seedlings while the lowest chlorophyll-a/b content was observed in BRRI hybrid dhan5 3.04 which was statistically similar with BRRI hybrid dhan3 seedlings 3.08 ambient temperature. Similar pattern was observed that V6 and V7 had the highest ration of chlorophyll-a/b at all DAS. 
Table 4.12 Chlorophyll-a/b of Rice Seedling Leaf of Eight Varieties at Different DAS
	Variety
	07 DAS
	14 DAS
	21 DAS
	28 DAS

	
	Ambiet
	6 oC
	Ambient
	6 oC
	Ambient
	6 oC
	Ambient
	6 oC

	BRRI hybrid dhan3
	3.08e
	3.43d
	2.08g
	1.74g
	1.45g
	1.74g
	2.26g
	1.88g

	BRRI hybrid dhan5
	3.04e
	3.10d
	2.07g
	1.73g
	1.44g
	1.73g
	2.25g
	1.87g

	BR18 (Shahjalal)
	4.47c
	4.49c
	3.50d
	2.91d
	2.43d
	2.91d
	3.79d
	3.16d

	BRRI dhan28
	4.11d
	4.16c
	3.16e
	2.63e
	2.19e
	2.63e
	3.42e
	2.85e

	BRRI dhan29
	4.01d
	4.09c
	3.04f
	2.53f
	2.11f
	2.53f
	3.29f
	2.75f

	Lafaya (Lakhai)
	5.15b
	5.70a
	4.07b
	3.39b
	2.83b
	3.39b
	4.41b
	3.67b

	Biron dhan
	5.94a
	5.44ab
	4.20a
	3.50a
	2.91a
	3.50a
	4.55a
	3.79a

	Jagli
	5.03b
	5.06b
	4.03c
	3.36c
	2.80c
	3.36c
	4.37c
	3.64c

	SE
	0.141
	0.220
	0.015
	0.012
	0.010
	0.012
	0.016
	0.013

	LSD
	0.577
	1.227
	0.031
	0.441
	0.456
	0.512
	0.334
	0.310

	% CV
	1.14
	2.78
	14.64
	9.61
	0.64
	0.64
	7.33
	5.35



The performance of Biron variety was superior at 6 °C temperature containing 3.79 chlorophyll a/b ratio at 28 DAS. The lowest chlorophyll a/b was in BRRI hybrid dhan3 and BRRI hybrid dhan5 seedling under both ambient and 6 °C at 28 DAS, respectively.
The decrease of chlorophyll a and b ratio at first in developmental stage in wheat after freezing indicated a change of photosystem II reaction center from functional to down regulated nonfunctional ones (Krause 1988). It represents a disturbance of photosynthetic performance, since photochemical capacity was empirically correlated with quantum yield of photosystem II (Adams and Perkins 1990). In this study, the cold temperature might affect the photosystem II resulting in decreased chlorophyll-a/b ratio. Thus, the variation of chlorophyll-a/b ratio among the eight selected rice varieties at different sampling days might be attributed genetically to overcome the effect of low temperature on plant photosystem II. The variation of chlorophyll-a/b ratio among the eight selected rice varieties at different sampling days might also be attributed temporal variability and cold stress. 
4.4.11 Total Chlorophyll Content
In this study, the total chlorophyll content of selected rice varieties was varied significantly during the experimental period which is shown in Table 3.13. At all (7, 14, 21 and 28 DAS), the highest total chlorophyll content was found in BRRI hybrid dhan5 seedlings (16.05 mg g-1 FW) at ambient and 6 °C temperature compare with other varieties at ambient as well as 6 °C cold temperature while the lowest total chlorophyll content was observed in Lafaya seedlings (2.39 mg g-1 FW) at 6 °C temperature. At 21 DAS, the highest total chlorophyll contents were found in BRRI hybrid dhan5 seedlings (7.21 mg g-1 FW) at ambient temperature in comparison to with ambient and also at 6 °C temperature while the lowest total chlorophyll content was observed in Lafaya seedlings (2.39 mg g-1 FW) at ambient 6 °C temperature and at all DAS. The BRRI hybrid dhan5 cultivar was found to have the highest total chlorophyll content during the experimental period. At the same time, Lafaya cultivar contained lowest total chlorophyll at different DAS. The more chlorophyll content in seedling leaves, the more possibilities of photosynthesis to produce more glucose.
The performance of V2 and V1 was found as superior regarding chlorophyll production throughout the experimental period. 






Table 4.13 Total Chlorophyll Content (mg g-1 FW) Synthesized Leaf by Rice Seedling of Eight Varieties at Different DAS
	Variety
	07 DAS
	14 DAS
	21 DAS
	28 DAS

	
	Ambient
	6 °C
	Ambient
	6 °C
	Ambient
	6 °C
	Ambient
	6 °C

	BRRI hybrid dhan3
	15.28b
	14.90b
	10.33b
	8.18b
	5.72b
	5.53b
	10.33b
	8.18b

	BRRI hybrid dhan5
	16.05a
	16.13a
	11.79a
	9.59a
	7.21a
	6.76a
	11.79a
	9.59a

	BR18 (Shahjalal)
	13.36d
	13.39d
	9.52cd
	6.80d
	4.47c
	4.32c
	9.52cd
	6.80d

	BRRI dhan28
	13.47d
	13.39d
	9.33d
	6.80d
	4.36c
	4.23c
	9.33d
	6.80d

	BRRI dhan29
	13.80c
	14.17c
	9.95bc
	7.58c
	4.94c
	4.75c
	9.95bc
	7.58c

	Lafaya (Lakhai)
	11.52g
	10.50g
	6.36g
	4.63f
	2.47e
	2.39e
	6.36g
	4.38g

	Biron dhan
	11.97f
	11.48f
	7.25f
	5.32e
	3.22d
	3.70d
	7.25f
	5.32f

	Jagli
	12.42e
	12.15e
	7.74e
	5.81e
	3.57d
	3.40d
	7.74e
	5.81e

	SE
	0.106
	0.245
	0.236
	0.279
	0.278
	0.295
	0.236
	0.226

	LSD
	0.221
	0.509
	0.490
	0.580
	0.579
	0.613
	0.4702
	0.490

	% CV
	1.11
	2.61
	3.69
	5.76
	8.76
	9.69
	3.69
	4.70



However, chlorophylls are the most widely distributed plant pigments responsible for the characteristic green color of fruit and vegetables (Almela 2000). It is important to plants because it is the substance that the chloroplast organelles in the cells that carry out photosynthesis. The major chlorophylls in different plants are chlorophyll-a, which has a methyl group at C-3 carbon, and chlorophyll-b, which a formyl group is bonded to the same carbon atom. Chlorophylls are known to be easily degraded by conditions such as dilute acids, heat, light and oxygen (Tonucci and Von-Elbe 1992). An optimum temperature ranging from 25 °C to 35 °C is required for a good rate. At temperatures around 0 °C the enzymes stop working and at very high temperatures the enzymes are denatured. 
Low temperature inhibits chlorophyll accumulations in actively growing leaves. In rice, cold tolerant lines, for example, japonica accumulates more chlorophyll under cold stress than do cold sensitive line, for example of indica rice (Glaszmann et al. 1990; Rasolofo 1986) evaluated 181 accessions to identify donor and outstanding cold tolerant lines using leaf discoloration score (1-3) and found 19 remained green (dark) after 10 days in the 12 °C cold water tank. Sanghera et al. (2001) found 18 cold tolerance IRCTN rice genotypes based on dark green colour and high spikelet fertility (>90 %) under temperate conditions. Tolerance in these aspects is expressed in native vegetation adapted to growing under cool conditions. 
The reduced sensitivity of photosynthesis to cold has been observed in maize inbreeds (Singh 2000) adapted to low temperature which is partly related to specific enzymes of the process (Singh 2000) and rice (Shabnam et al. 2017) for survival. In the present study, the rice cultivar having more total chlorophyll content might have some specific enzymatic activity than the other varieties but still needs intensive investigation.
4.4.12 Total Carotenoid Content
Carotenoids are integral components of higher plant photosystems, and their composition in photosynthetic plant tissues has been remarkably conserved throughout evolution. Carotenoids are multifunctional compounds serving as structural components of light-harvesting complexes, accessory pigments for light harvesting, substrates for abscisic acid synthesis and components of photoprotection and scavengers of singlet oxygen (Dellapenna 1999). Carotenoid synthesis shows sensitivity to both high and low temperatures (Harding 1974). 
There was statistical variation was observed in total carotenoid content of rice seedlings of eight different cultivars. Table 4.14 shows that at 7 DAS, the highest total carotenoids content was found in Lafaya seedlings (8.59 mg g-1) at ambient temperature compare with other tested cultivars and at 6 °C temperature. The lowest total carotenoids content was observed in BRRI dhan29 seedlings (4.54 mg g-1) at ambient which was statistically similar with BRRI hybrid dhan3, BRRI hybrid dhan5, BR18 and BRRI dhan29 seedlings. At 21 DAS, the highest total carotenoids content was found in all hybrid and HYV rice (BRRI hybrid dhan3, BRRI hybrid dhan5, BR18 and BRRI dhan29) seedlings at both ambient and 6 oC temperature while the lowest total carotenoids content was observed in Lafaya seedlings at ambient temperature. At 28 DAS, the highest total carotenoids content was found in BR18 seedlings (3.58 mg g-1 FW) at ambient temperature while the lowest total carotenoids content was observed in Lafaya seedlings (2.64 mg g-1 FW) at 6 °C temperature. Cold stress at 6 °C temperature, all the plants produced more carotenoid in compare to ambient condition at 21 and 28 DAS.






Table 4.14 Total Carotenoid Content (mg g-1 FW) in Leaf Synthesized by Rice Seedling of 
Eight Varieties at Different DAS

	Variety
	07 DAS
	14 DAS
	21 DAS
	28 DAS

	
	Ambiet
	6 oC
	Ambient
	6 oC
	Ambient
	6 oC
	Ambient
	6 oC

	BRRI hybrid dhan3
	4.81de
	4.89cd
	3.74d
	3.03bc
	2.42a
	2.54a
	3.03bc
	3.74c

	BRRI hybrid dhan5
	4.97cde
	4.91cd
	3.88c
	3.33ab
	2.73a
	2.81a
	3.33ab
	3.88c

	BR18 (Shahjalal)
	5.14cd
	5.44cd
	3.30d
	3.58a
	2.48a
	2.54a
	3.58a
	3.30d

	BRRI dhan28
	4.73de
	4.96cd
	3.25d
	3.09bc
	2.31a
	2.36a
	3.09bc
	3.25d

	BRRI dhan29
	4.54e
	4.62d
	3.27d
	2.87c
	2.48a
	2.51a
	2.87bc
	3.27d

	Lafaya (Lakhai)
	8.59a
	7.48a
	4.40b
	2.86c
	1.20c
	1.18c
	2.64d
	4.40b

	Biron dhan
	6.69b
	6.98ab
	5.01a
	3.16abc
	1.55bc
	1.62bc
	3.16bc
	5.01a

	Jagli
	5.54c
	5.91bc
	4.69b
	3.05bc
	1.77b
	1.80b
	3.05bc
	4.69b

	SE
	0.278
	0.590
	0.149
	0.212
	0.219
	0.246
	0.160
	0.149

	LSD
	0.294
	0.457
	0.031
	0.026
	0.021
	0.026
	0.0332
	0.067

	% CV
	6.980
	14.77
	5.35
	 0.64
	0.64
	16.06
	7.33
	5.35



Basically, carotenoids have a very important role in photosynthesis. Biosynthesis of carotenoids in plants is a genetic characteristic, but environmental conditions also have an essential role. Due to the deviation of prevailing low temperature, the carotenoid content of rice seedlings was changed. This was also supported by Haque et al. (2016) and Kulchhum (2011).
Carotenoids are C40 isoprenoids and tetraterpens that are located in the plastids of plant tissues. In chloroplasts, the carotenoid’s function act as accessory pigments in light harvesting, but a more important role is their ability to detoxify various forms of activated oxygen and triplet carotenoids that are produced as a result of excitation of the photosynthetic complexes by light. The xanthophylls, like zeaxanthin, are carotene derivatives. Low temperatures inhibit the formation of zeaxanthin (Bilger and Bjorkman 1991), which normally quenches excitation energy in the antenna of photosystem II and dissipates it, as heat (Adams 1990). Thus, the plants having more carotenoid content have more possibility of being cold tolerance. In this study, rice cultivar having highest carotenoid might have genetical potentiality of synthesizing more carotenoid along with producing heat.


4.5 Summary and Conclusions
The research work was conducted at the research field of the Department of agricultural chemistry, Hajee Mohammad Danesh Science and Technology University, Dinajpur, Bangladesh during the period of November, 2017 to January, 2018 where combining responses of Boro rice to low temperature stress during seed germination and seedling growth stage were studied well in order to screen out relatively low temperature stress tolerate Boro rice cultivar(s) for facing upcoming rice production challenge in this region. The experimental period was characterized by prevailing low environmental temperature of below 15 °C Eight rice varieties (V1: BRRI hybrid dhan3; V2: BRRI hybrid dhan5; V3: BR18- Shahjalal; V4: BRRI dhan28; V5: BRRI dhan29; V6: Lafaiya; V7: Biron dhan; V8: Jagli) both from local and HYV varieties were selected for this research work. 

Rice plants response to low temperature stress in various means. In this study, the proline synthesis of rice seedlings was significantly influenced by low temperature during the experimental period. The proline content of plant is thought to play a vital role in plant stress tolerant mechanism. In average, the highest proline content was found in BRRI hybrid dhan5 seedlings (0.89 mg g-1) at ambient temperature while lowest 0.62 mg g-1 in Lafaya rice cultivar at 6 °C temperature. BRRI hybrid dhan5 showed better result in 6 °C temperature containing 1.62 mg g-1 proline at 28 DAS. Again, the presence of chlorophyll in plant is an important plant parameter which determines stress sensitivity and plant productivity. 

There was a significant variation of proline content found in the leaves of eight different rice seedlings. The highest proline content was found higher in BRRI hybrid dhan5 seedlings (1.81 mg g-1 FW) at 6 °C temperature at 14 DAS while the lowest chlorophyll-a content was observed in Lafaya seedlings (0.513 mg g-1 FW) at ambient temperature at 7 DAS. The proline content was lower under ambient temperature than those of growing under 6 °C At 28 DAS, V2 seedlings also show superior amount (1.62 mg g-1 FW) under 6 °C but 0.93 mg g-1 FW under ambient environment. 

The highest chlorophyll-a content was found higher in V2 seedlings (13.35 mg g-1) at ambient temperature compare with 6 °C temperature (13.38 mg g-1) at 7 DAS while the lowest chlorophyll-a content was observed in V6 seedlings (10.32 mg g-1) at ambient temperature. The chlorophyll-a content was lower under 6 °C than those of growing under ambient temperature. At 28 DAS, V2 seedlings also show superior result (9.38 mg g-1) under ambient but 7.38 mg g-1 FW under 6 °C.

The V6 (Lafaya) cultivar was seen to carry lowest amount of both temperature condition during the experiment. The V5 (BRRI dhan29) seedlings produced 5.18 mgg-1 FW chlorophyll-b at 28 DAS under ambient while 3.18 mg g-1 FW under 6 °C, respectively. All the cultivars followed almost similar trend regarding chlorophyll b content, synthesis during the experiment (the highest in V2 and the lowest in V5 seedlings). The total chlorophyll content in seedlings was almost similar trend produced the different rice seedlings. 

Interesting is that the chlorophyll-a/b ratio was differed among the tested rice varieties. The Biron dhan had showed the highest chlorophyll-a/b ratio at all the times of experiment. The highest chlorophyll-a/b ratio was found in V7 (5.94 mg g-1 FW at 7 DAS) while the lowest value was found at V2 (3.08 mg g-1 FW at 7 DAS). Similarly, the chlorophyll-a/b was the highest in V7 and the lowest in V1 seedling at 28 DAS, respectively. The amount of chlorophyll-a, chlorophyll-b, chlorophyll-a/b ratio, total carotenoid and total chlorophyll content was markedly influenced by low temperature and found to decrease its content in rice seedling with exposure to low temperature along the increased growing period. 

The shoot length was variable during the experiment period. The V6, V7 and V8 rice cultivars showed better performance relatively at low temperature (below 15 oC) during the early growth period while the performance of V2 had the lowest at 7 DAS. Surprisingly, the seedling grwoth was increased in hybrid cultivars at 28 DAS. It was found that the growth rate of shoot length was increased with increasing temperature and time. The variation among the varieties might be due to their genetical make up. At 28 DAS, the highest shoot length was in BRRI hybrid dhan5 (18.53 cm) followed by BRRI hybrid dhan3 (17.58 cm). The root and shoot growth of rice seedling was also markedly influenced by low temperature. In case of root length, the highest value was observed in V2 (4.58 cm at 20 DAS) which was statistically similar with V1 and V5 cultivars and the lowest value was obtained from V6 (2.85 cm at 28 DAS). However, the growth rate of both shoots and root was decreased with decreasing temperature and vice-versa.

A significant impact of low temperature on total seedling dry matter (shoot and root dry weight) was found during the experimental period. The highest total seedling dry matter shoot dry weight was found in V2 (0.022 g at 7 DAS) followed by V1 (0.02 g at 7 DAS). The lowest shoot dry weight was found at V7 (0.01 g at 7 DAS). Again, the highest root dry weight was found in V1 and V2 which was 0.0323 g at 28 DAS. The lowest value was found in V7 (0.0226 g) at 28 DAS which was statistically similar to V8 cultivars, respectively. 

At 28 DAS, the V1 and V2 cultivars produced as much as 0.0284 g and 0.0283 g root dry matter in root while the lowest dry matter in root was in V8 which was from indigenous cultivar. The highest seed germination percentage was recorded in V2 (89.00 %) followed by V1, V4, V3 and V5, respectively. The lowest seed germination percentage was found in V8 (54 %). The cultivar having highest seed germination percentage is more resistance to low temperature stress than other varieties.  The seedling mortality was just opposite to seed germination which was the most important index for cold stress in the present study. 

In conclusion, the present study indicated that growth and other physiological and biochemical activities of rice seedling of eight selected rice varieties were influenced markedly due to low temperature stress. Based on the various parameters studied, it can be concluded that the performance of V1 (BRRI hybrid dhan3) and V2 (BRRI hybrid dhan5) considered superior among the tested cultivars and among the local varieties, the performance of V6 (Lafaya) was better during experimental period with a low environmental temperature of below 15 °C.







EXPERIMENT: 02 

Selection of Boro Rice Varieties Based on Growth, Physiology and Yield of Hybrid, HYV and Indigenous Rice Cultivars

5.1 Objectives

· To study morphological characteristics of two BRRI hybrid dhan, three released HYV and three local rice varieties  
· To screen the hybrid, released HYV rice and local rice varieties based on yield potential, modern agronomic packages  
· To select suitable rice varieties for successful cultivation in Boro season

5.2 Introduction

Rice (Oryza sativa L.) is a widely grown crops all around the world and is considered as the ‘global grain’ (Kumaeravel et al. 2022). It is the world’s most important staple food; it can support more than half of the world’s consumption (Davidson et al. 2014). Around the world, rice is grown on almost 158 million hectares of cultivable land in around 100 different nations, with an annual production of more than 700 million tons (Anonymous 2018). Rice cultivation is well-suited to countries and regions with low labor costs and high rainfall, as it is labor-intensive to cultivate and requires ample water. As a result, rice occupies almost 70 % of Bangladesh's 13.9 million hectares of total cropped land (Sajib et al. 2012).
Rice cultivation occupies about 76 % of the total cropped area, spanning approximately 10,500,000 hectares (105,000 km2) of land over 13 million farms and illustrates rice's central role in Bangladesh's economy, agriculture, and food security (Biswas et al.  2022; Murshid et al. 2018). The vast expanse of approximately 11.70 million hectares contributes to the production of around 37.96 million tons of rice in Bangladesh (FAO 2022).

Two types of rice varieties are cultivated in Bangladesh viz. traditional (local) and modern (high yielding) varieties. Though the soil and climate of our country is quite suitable for the production of rice, still it is facing many problems of which the poor yielding inherent capability of our local varieties is the most important one. Poor plant type, such as tall plants, long and droopy leaves, weak culms, susceptible to lodging etc. are the main causes of the low yield of the local varieties. On the other hand, modern varieties possess short and stout culms with dark green, thick and erect leaves and do not lodge. As these varieties have been under production since long time, there should be a strategy to increase the productive potentials through genetic manipulation. With definite breeding objectives to improve the local varieties, it is essential to know the physiological behavior such as their morphological and architectural response to environments and genetic expression of those selected local varieties. It is also essential to know the morphological and physiological, limitation which actually denotes genetic expression under a certain environmental and micro climatic conditions.
Information on morpho-physiological characters play a vital role in rice breeding. It is important to know the physiological behavior and genetic expression of the selective local and released rice varieties for definite selection process to those varieties. Rice morpho-physiology plays an important role in variety development. Development of rice varieties with a high yielding ability is one of the most fundamental approaches for dealing with the expected increase in the world demand. Therefore, attempts may be made to increase the per unit area. In order to increase productivity, modern agronomy packages along with higher genetic potential varieties could play an important role obviously. This experiment was undertaken with a view to assessing the morphological characteristics and nutrient status of three local rice varieties in contrast with five released variety to find out the morphological limitations for further improvement of these varieties.

5.3 Materials and Methods

The experiment was conducted in the agricultural farm of Hajee Mohammad Danesh science and Technology University (HSTU), Dinajpur during Boro, season the period from February to May 2011. The materials used and the methods followed for the experiments are described in this chapter. A brief description of the experimental site, experimental material, statistical analysis, treatments, fertilizer application, intercultural operation, crop harvesting, estimation of Ca, Mg, S, K, Zn, B and P of leaves under the following heads:

5.3.1 Location of the Experimental Site
The location of the experimental site was at 25.13°N latitude and 88.23°E longitude and at the elevation of 34.5 m above the sea level. The experimental site was medium high land and belonging to the Agro-ecological Zone 1 (AEZ-1) named Old Himalayan Piedmont Plain (FAO and UNDP 1988). The soil was sandy loam and low organic matter. 

5.3.2 Experimental Materials 
Following materials were used for this experiment:
01. Meter Scale
02. Pencil
03. Hardboard
04. Ribbon
05. Scissor
06. Eraser
07. Marker pen
08. Knife
09. Augur
10. Electrical balance etc.

5.3.3 Plot Operation
A total of 20 plots (Cross-check) were prepared and each plot was 2 m length and 2 m in wide. 

5.3.4 Treatment
This research work was conducted using eight selected rice varieties taken from BRRI hybrid, BRRI released high yielding varieties (HYV) and indigenous rice cultivars. Seeds of these selected rice cultivars were collected from different part of the country before initiation of research work. The name of the chosen varieties along with their production nature is represented in Table 5.1.
Table 5.1 Variety Number, Name and Nature of Selected Rice Varieties

	Treatment
Designated variety 
	Name of rice cultivar
	Nature of rice cultivar

	V1
	BRRI hybrid dhan3
	HYBRID

	V2
	BRRI hybrid dhan5
	HYBRID

	V3
	BR18 (Shahjalal)
	HYV

	V4
	BRRI dhan28
	HYV

	V5
	BRRI dhan29
	HYV

	V6
	Lafaiya
	Indigenous

	V7
	Biron dhan
	Indigenous

	V8
	Jagli
	Indigenous



5.3.5 Experimental Design and Layout

The experiment was layout in a Randomized Complete Block Design (RCBD) with four replications. The total experimental area was divided into 4 blocks. Each block was then subdivided into 8 plots. The size of unite plot was 2 m x 2 m. The replications were separated from one another by one meter border. The border between the individual plots was 0.5 m.

	Replication 1
	Replication 2
	Replication 3
	Replication 4

	V1
	V3
	V5
	V4

	V3
	V2
	V1
	V2

	V4
	V5
	V3
	V5

	V2
	V4
	V2
	V1

	V5
	V1
	V4
	V3

	V8
	V8
	V7
	V8

	V7
	V7
	V6
	V6

	V6
	V6
	V8
	V7


 Figure 5.1 Layout of Experimental Design for Replication

5.3.6 Collection of Seeds
The eight Boro rice varieties including two hybrid, three HYV and three local variety named: BRRI hybrid dhan3, BRRI hybrid dhan5, BR18 Shahjalal, BRRI dhan28, BRRI dhan29, Lafaya, Biron dhan, and Jagli were used as test plant. The seeds were collected from BADC office, Dinajpur, BRRI Joydebpur, Habiganj, and Netrokona district. 

5.3.7 Fertilizer Application
The chemical fertilizers like Urea, TSP, MOP and Gypsum were applied @ 215, 180, 100 and 20 kg ha-1, respectively. At the final land preparation one half of Urea, full dose of TSP and MOP and gypsum were applied to the experimental plot. The remaining half of urea was applied in two splits, one at tillering and other at booting stages.

5.3.8 Transplanting of Seedlings and Intercultural Operations  
The 35 days old seedlings were transplanted in the experimental plots on February 12, 2018. Healthy seedlings were uprooted carefully from the seed bed and three seedlings in each hill were transplanted in the experimental field following the distance of 20 cm × 20 cm.

5.3.9 Thinning and Gap Filling 
After one week, in some plots, gaps of missing seedling were filled with the stock seedlings.

5.3.10 Weeding and Plant Protection Measures
Intercultural operations such as weeding by hand picking and applications of pesticides by hand sprayer at the vegetative growth stages were done as and when necessary. As a precautionary measures to the crops from the pest attack, Admire-200 SL @ 125 ml ha-1 was sprayed 2 times at vegetative and pre flowering stages during the entire crops season.

5.3.11 Harvesting and Processing
Maturity of crops was determined when some 90 % of the grains became golden yellow in color. After attainment of the maturity, the whole plant was cut at ground level by a sickle. After recording some necessary data, the harvested crops per hill was dried in the sun and then in an oven at 65 oC for 72 hours.
5.3.12 Collection of Data during Growth Period 
Data collections of the following parameters from the experiment on different growth stages were done:

5.3.13 Morphological Parameter
i. Plant height
ii. Total number of tiller hill-1
iii. Number of leaf hill-1
iv. Flag leaf length
v. Flag leaf width
vi. Root number (Cross-check)
vii. Root depth
viii. Root weight
ix. Shoot weight

5.3.14 Yield and Yield Components
i. Panicle length
ii. Number of effective tillers hill-1
iii. Number of non-effective tillers hill-1 
iv. Panicle number plant-1
v. Grain number panicle-1
vi. 1000 grain weight
vii. Yield per plot (kg ha-1) (Cross-check)
viii. Straw yield per plot (kg ha-1) (Cross-check)
ix. Grain yield (kg ha-1)
x. Harvest index





5.3.15 Data Recording

5.3.16 Procedure of Sampling during Crop Growth Period
The data of growth parameters (Plant height, leaf number, single surface area, tiller number) were recorded (root length, root volume and root number) were taken after 20 days intervals. At final harvest, the data of yield and yield component were collected. The height of plant was ascertained by measuring with a graduated scale placed from ground level to top of the leaves. The leaf number and tiller number of the selected plant were counted carefully. For measuring root length, the selected hill was cut above 1 cm from the ground. An augur of 20 cm in diameter was used to collect the layer bagged root sample. The root and other plant parts were carried to the laboratory in properly labeled polythene bag to prevent transpiration losses. Then the collected plant roots were carefully washed using running tap water to remove soil and blotted with blotting paper to remove the adhering water on them and then root were weighted carefully. The number of roots was counted. The root length was measured using meter scale placing on the square grid paper. The root volume was measured by using a measuring cylinder by water replacement method. The root depth was measured by measuring length of root from the place of bottom of hill base to longest root tip. 

5.3.17 Collection of Data at Final Harvest
Data were recorded on the following crop characters: Plant height, Leaf number hill-1, leaf length, tiller number hill-1, root length, root volume hill-1, root number hill-1, total tiller number with effective tiller and non-effective tiller hill-1, panicle length, grain panicle-1, 1000 grain weight and straw weight.

5.3.18 Plant Height
Plant height was measured form the soil level to the apex of the panicle/leaf.

5.3.19 Number of Tiller Hill-1
Total number of tillers per hill-1 was counted of selected hill of each plot.


5.3.20 Leaf Number
Total number of leaves per plant was counted of selected hills of each plot. 

5.3.21 Flag Leaf Length
The selected flag leaf was always considered for leaf length measurement. Measurement was taken from the neck node to the apex of each leaf by meter scale. 

5.3.22 Flag Leaf Wide
Leaf wide was measured from the selected flag leaf which was always previously considered for leaf length measurement. Measurement was taken from the widest point of each leaf by small scale. 

5.3.23 Root Number
The total number of root hill-1 were counted from selected sample.

5.3.24 Root Depth (cm)
Measurement was taken from the neck node to the apex of each root collected by augur.

5.3.25 Total Number of Tillers Hill-1
The total number of tillers hill-1 was counted from selected samples of each experimental plot. 

5.3.26 Panicle Length (cm)
Measurement was taken from the neck node to the apex of each panicle and recorded properly. 

5.3.27 Number of Grains Panicle-1
Presence of any food material in the spikelets was considered as grain and total   number of grain present in each panicle were counted. 

5.3.28 Spikelet Panicle-1
The number of filled grains panicle-1 plus the number of unfilled spikelets panicle-1 gave the total number of spikelets panicle-1. The spikelets were counted and recorded for the study purpose.

5.3.29 Weight of 1000 Grain (g)
One thousand clean oven dried grains were counted from the seed stock obtained from hill in each plot and weighed by using an electronic balance.

5.3.30 Straw Yield (t ha-1)
Straw obtained from each plot was sun dried and weighed carefully. Then it was converted into yield ha-1.
5.3.31 Grain Yield (t ha-1)
Grain obtained from each plot was sun dried and weighed carefully. Then it was converted into yield ha-1.
5.3.32 Harvest Index (%)
Harvest index is the relationship between economic yield and biological yield (Gardner et al. 1985). It was calculated by using the following formula:



5.3.33 Statistical Analysis
The data collected on different parameters under the experiment were statistically analyzed to obtain the level of significance using the Statistics 10 computer software developed. If the treatments are significant the differences between pairs of means were compared by Duncan’s Multiple Range Test (DMRT) (Gomez and Gomez 1984).





5.4 Results and Discussion
[bookmark: OLE_LINK1]The results obtained from the experiment are described and discussed in this chapter. The morphological and biochemical, parameters and yield with yield components of three local and one high yielding rice varieties are presented below.

5.4.1 Morphological Characters

5.4.2 Plant Height
[bookmark: OLE_LINK2]Plant height of different varieties varied markedly amongst themselves (Table 5.2). Among the eight varieties studied indigenous rice cv. Lafaya recorded the highest plant height (77.77 cm) at vegetative stage which was statistically different from hybrid and HYV rice. The lowest plant height was recorded in BRRI hybrid dhan5 (43.08 cm) which was statistically similar to BRRI hybrid dhan3 (44.72 cm) at vegetative stage.  At the time of harvesting, the plant height showed the similar growth pattern as vegetative stage. As the experiment time progressed, the height increased for all the rice varieties. At the harvest stage, the lafaiya was the tallest plants while the hybrid rice cv. BRRI hybrid dhan5 was the shortest among the eight rice varieties tested. Roy (2019) and Munshi (2005) studied modern and local varieties and reported that modern rice plants were shorter than local ones due to shorter internode length, and genetic potentiality which also supported the present findings that indigenous variety showed taller characteristics than those of HYVs and hybrid rice varieties.

5.4.3 Number of Total Tiller Hill-1
Total number of tiller hill-1 has been shown in Table 5.2 which significant variable among the studied rice varieties.  The varieties effect on tiller production at all harvest stages was markedly variable. The highest number of tiller hill-1 was observed in BRRI hybrid dhan5 (18.5) followed by BRRI hybrid dhan3 (17.0). Indigenous cultivar cv. Biron dhan produced 10.25 tiller hill-1 that was the lowest at vegetative stage. The above variability in number of tillers hill-1 was in full agreement with many workers such as (Sen 2020; Dutta et al. 2002; Shrirame and Muley 2003; Munshi 2005). Results revealed that in general hybrid and HYV produced higher number of tillers hill-1 than low yielding ones. The differential response of tillering in the genotype could be attributed to its genetic potentiality.

Table 5.2 Plant Height and Tiller Number Hill-1 of Eight Rice Cultivars at Different 
Growth Stages

	Variety
	Plant height (cm)
Vegetative stage
	Plant height (cm)
Harvesting stage
	Tiller number hill-1

	BRRI hybrid dhan3
	44.72def
	84.13d
	17.0b

	BRRI hybrid dhan5
	43.08f
	76.23
	18.5a

	BR18 (Shahjalal)
	45.75d
	96.99c
	15.0c

	BRRI dhan28
	44.8de
	91.94c
	16.5b

	BRRI dhan29
	43.55ef
	85.65d
	16.0bc

	Lafaya (Lakhai)                     
	70.77a
	157.86a
	12.0e

	Biron dhan
	62.95b
	154.41a
	10.25f

	Jagli
	60.27c
	140.89b
	13.5d

	SE
	0.80
	2.72
	0.64

	LSD
	1.672
	5.663
	1.329

	% CV
	2.19
	3.47
	6.09


5.4.4 Leaf Number Hill-1
There was a significant variation of leaf number hill-1 found in different rice varieties (Table 5.3). Indigenous rice cv. Lafaya had the highest leaf number hill-1 (15.75 hill-1) at harvesting stage which was statistically varied from hybrid and HYV rice. The lowest leaf number was in BRRI hybrid dhan5 (7.5 hill-1) which was statistically similar to BRRI hybrid dhan3 (8.5 hill-1) at harvesting stage.  At the time of harvesting, increased leaf number was showed by the all the rice plants. But the similar growth pattern was the characteristics observed as harvesting stage. Likely harvesting stage, the cv. Lafaya had the highest leaf number while the hybrid rice cv. BRRI hybrid dhan5 was the lowest among the eight rice varieties tested.

5.4.5 Vegetative Leaf Length
The growth of leaf in respect to length among the rice varieties was presented in Table 5.3. The cv. Lafaya possessed the longest leaf (49.02 cm) and BRRI hybrid dhan5 had the shortest (25.40 cm) at vegetative stage which was statistically similar with BRRI hybrid dhan3. Result showed that HYV produced shorter leaf length than that of local indigenous variety (LIV). These results were supported by the result of Aktar (2005) who reported that leaf length was shorter in HYV compared to LIV. Similarly, at harvest stage, the indigenous variety had the longer leaf length than those of HYV and hybrid rice varieties tested. Genotypic variation in leaf length was also observed by Roy (2006). 

Table: 5.3 Leaf Number, Vegetative Leaf Length and Wide of Eight Rice Cultivars at    
Harvesting Stage

	Variety
	Leaf Number hill-1
	Leaf Length (cm) 
	Leaf Wide (cm)

	BRRI hybrid dhan3
	8.5f
	25.68f
	1.00ab

	BRRI hybrid dhan5
	7.5f
	25.40f
	1.10a

	BR18 (Shahjalal)
	10.25e
	30.23d
	0.83de

	BRRI dhan28
	11.5d
	27.72e
	0.87cd

	BRRI dhan29
	10.5de
	30.05d
	0.96bc

	Lafaya (Lakhai)                     
	15.75a
	49.02a
	0.75e

	Biron dhan
	14.25b
	42.44b
	0.75e

	Jagli
	13.00c
	39.61c
	0.78de

	SE
	0.57
	0.42
	0.052

	LSD
	1.186
	0.867
	0.109

	% CV
	7.07
	1.75
	8.42



5.4.6 Vegetative Leaf Width
A statistical difference was observed in leaf width among the rice varieties was found and has been presented in Table 5.3. Interest is that unlike leaf length, the cv. Lafaya and Biron had the lower wide leaf (0.75 cm) which was statistically similar to cv. Biron and Jagli dhan while BRRI hybrid dhan5 had the highest leaf wide (1.10 cm) at vegetative stage. Result showed that HYV produced shorter leaf length but wider than those of HYV and indigenous rice varieties. This finding was in well agreement with Islam et al. (2005) who reported that leaf length was shorter in HYV compared to LIV. Similarly, at harvest stage, the indigenous variety had the narrower leaf than those of HYV and hybrid rice varieties tested.

5.4.7 Root Weight
Table 5.4 shows the dry root weight of eight rice varieties including hybrid, HYV and indigenous varieties. Dry root weight had shown variability amongst the studied rice varieties. The highest dry root weight was observed in BRRI hybrid dhan5 (0.34 g) which was statistically similar to BRRI hybrid dhan3 (0.34 g) followed by BRRI dhan29 (0.28 g) while the lowest root weight was found in Lafaya (0.21 g) at harvesting stage. The differential response of root weight in the hybrid, HYV and indigenous varieties could be attributed to its genetic potentiality.

Table 5.4 Root Weight, Shoot Weight and Root Depth of Eight Rice Cultivars at 
Harvesting Stage

	Variety
	Root Weight (g) hill-1
	 Shoot Weight (g) hill-1
	Root Depth (cm)

	BRRI hybrid dhan3
	0.34a
	0.43e
	22.06b

	BRRI hybrid dhan5
	0.36a
	0.34f
	23.06a

	BR18 (Shahjalal)
	0.24cd
	0.56d
	19.04d

	BRRI dhan28
	0.25bc
	0.53d
	20.94c

	BRRI dhan29
	0.28b
	0.54d
	20.83c

	Lafaya (Lakhai)                     
	0.21d
	0.93a
	16.15f

	Biron dhan
	0.23cd
	0.85b
	17.07e

	Jagli
	0.23cd
	0.67c
	17.68e

	SE
	0.015
	0.016
	0.37

	LSD
	0.032
	0.033
	0.778

	% CV
	8.02
	3.66
	2.7




5.4.8 Shoot Weight
A statistically significant variation of shoot weight among the eight different rice cultivars. Table 5.4 shows the dry shoot weight of eight rice varieties including hybrid, HYV and indigenous varieties. Dry shoot weight had shown variability amongst the studied rice varieties. The highest dry shoot weight was observed in Lafaya (0.93 g) while the lowest root weight was found in BRRI hybrid dhan5 (0.34 g) at harvesting stage.

5.4.9 Root Depth
A statistical difference in root depth was observed among the tested rice varieties (Table 5.4). The varieties effect on root production at harvesting stages was significantly varied. The highest root depth was observed in BRRI hybrid dhan5 (23.06 cm) followed by BRRI hybrid dhan3 (22.06 cm) while the lowest root depth was found in Lafaya (16.15 cm) at harvesting stage. More water and plant nutrients might be available when the root system grows in more depth soil areas. In the present study, hybrid varieties were more efficient to absorb higher amount of nutrients. Moreover, longer root grown in deeper soil layer indicating more survival potentiality during moisture stress. But HYV showed intermediate root growth in moderate depth of root production. The differential response of root depth in the rice varieties could be attributed to its genetic variability.

5.4.10 Yield and Yield Attributes

5.4.11 Length of Flag Leaf 
There was a significant variability in length of flag leaf amongst the studied was presented in Table 5.5. The varieties effect on leaf size at reproductive stage was markedly variable. The highest length of flag leaf was observed in indigenous rice cv. Lafaya (43.45 cm) followed by other indigenous rice cv. Biron (38.99 cm) and Jagli dhan 39.32 cm). On ther other hand, hybrid rice and HYV had lower length of flag leaf.  The lowest length of flag leaf was found in BRRI hybrid dhan5 (31.00 cm). HYV rice showed intermediate length in the present study that was statistically identical. The above results of variability in effective flag leaf length were in full agreement with many workers such as (Sarker et al. 2015; Yong et al. 2001; Dutta et al. 2002; Shrirame and Muley 2003; Munshi 2005). The differential response of leaf length in the genotype could be attributed to its genetic make-up.





Table 5.5 Flag Leaf Length, Width and Leaf Area of Eight Rice Cultivars at Harvesting Stage

	Variety
	Length of flag leaf (cm)
	Width of flag leaf (cm)
	Leaf area of flag leaf (cm2)

	BRRI hybrid dhan3
	33.19e
	2.21b
	54.99b

	BRRI hybrid dhan5
	31.00f
	2.66a
	61.82a

	BR18 (Shahjalal)
	36.25c
	1.68d
	45.54de

	BRRI dhan28
	35.49cd
	1.81cd
	48.11cd

	BRRI dhan29
	34.64d
	1.96c
	50.86bc

	Lafaya (Lakhai)                 
	43.45a
	1.18f
	38.30f

	Biron dhan
	38.99b
	1.47e
	42.86ef

	Jagli
	39.42b
	1.65de
	48.40cd

	SE
	0.61
	0.086
	2.396

	LSD
	1.276
	0.180
	4.983

	% CV
	2.37
	6.69
	6.94



5.4.12 Width of Flag Leaf 
A statistically significant difference in width of flag leaf amongst the studied was presented in Table 5.5.  Table 3.19 showed that in general BRRI hybrid dhan5 produced wider of flag leaf than HYV and indigenous ones at reproductive stage. The highest width of flag leaf was observed in hybrid rice cv. BRRI hybrid dhan5 (2.66 cm) which is statistically different with tested varieties. The indigenous rice cv. Lafaya had the lowest width (1.18 cm) followed by Biron (1.47 cm) and Jagli dhan (1.65 cm) and narrower than HYV. On the other hand, hybrid and HYV rice had wider flag leaf than those indigenous varieties. The above results of variability in effective flag leaf width were in full agreement with many workers such as (Sarker et al. 2015; Yong et al. 2001; Dutta et al. 2002; Shrirame and Muley 2003; Munshi 2005) that hybrid rice produce wider leaf than HYV and local rice. The differential response of leaf width in the genotype could be attributed to its genetic make-up.

5.4.13 Flag Leaf Area (cm2)
The effect of varieties on flag leaf area development on singly at harvest reproductive stage was significantly variable. Results revealed that rice cv. BRRI hybrid dhan5 produced the higher leaf area (61.86 cm2) followed by BRRI hybrid dhan3 (54.99 cm2) than those of other varieties. Contrarily, indigenous rice cv. Lafaya and Biron dhan produced the lowest leaf area. HYV rice cv. BR18 Shahjalal, BRRI dhan28 and BRRI dhan29 produced moderate leaf area in the present study. The variation in leaf area might occur due to the variation in leaf length and their expansion. The result obtained from the present study is consistent with the result of Sarker et al. (2015) and Sharma and Haloi (2001) who stated that variation in leaf area could be attributed to the difference in leaf growth and genotype. In the present study, hybrid rice showed greater leaf surface area than indigenous variety which might benefit plant to absorb sunlight for more photosynthesis.

Table 5.6 Number of Effective Tiller Hill-1, Number of Non-Effective Tiller Hill-1 and 
Total Number of Tiller Hill-1 of Eight Rice Cultivars at Harvesting Stage

	Variety
	Effective Tiller Number hill-1 
	Non-Effective Tiller Number hill-1
	Total Tiller Number hill-1 

	BRRI hybrid dhan3
	19.50a
	1.25cd
	20.75a

	BRRI hybrid dhan5
	19.50a
	1.00d
	20.25a

	BR18 (Shahjalal)
	14.50bc
	2.00a-c
	16.25b-d

	BRRI dhan28
	15.75b
	1.75b-d
	17.50b

	BRRI dhan29
	15.50b
	1.00d
	16.50bc

	Lafaya (Lakhai)                 
	13.00cd
	2.00a-c
	16.00b-d

	Biron dhan
	11.50d
	2.75a
	14.25d

	Jagli
	12.75cd
	2.25ab
	15.00cd

	SE
	0.876
	0.416
	1.022

	LSD
	1.822
	0.864
	2.126

	% CV
	8.13
	33.58
	8.47



5.4.14 Number of Effective Tiller Hill-1

Number of effective tiller hill-1 had shown variability amongst the studied hybrid, HYV and indigenous varieties was presented in Table 5.6.  Results revealed that in general high yielding hybrid variety produced higher number of effective tillers hill-1 than HYV followed by indigenous ones. The highest effective tiller hill-1 was observed in both BRRI hybrid dhan3 and BRRI hybrid dhan5 (19.50). The lowest effective tiller hill-1 was found in Biron dhan (11.5) and lafaya and Jagly also produce the lower number of effective tillers. HYV variety produce intermediate number of effective tillers. The above results of variability in effective tillers hill-1 were in full agreement with many workers such as (Roy 2019; Yong et al. 2001; Dutta et al. 2002; Shrirame and Muley 2003; Munshi 2005). The differential response of tillering in the genotype could be attributed to its genetic potentiality.

5.4.15 Number of Non-Effective Tillers Hill-1
A significant variation was observed in non-effective tillers hill-1 amongst the studied genotypes (Table 5.6). It was evidently found that number of non-effective tillers hill-1 was greater in indigenous varieties (Biron dhan 2.75) than those of HYV (BR-18- Shahjalal, BRRI dhan28 and BRRI dhan29). Interestingly, hybrid rice (BRRI hybrid dhan5) varieties showed the lowest number of non-effective tillers hill-1. Note is that rice yield performance is negatively correlated with non-effective tillers hill-1. In rice, the lowest number of non-effective tillers hill-1 was recorded in hybrid rice (1.0) followed by BRRI hybrid dhan3. The results were in agreement with the result of Aktar (2005) and Hoque (2004) in rice. The result was in well agreement with those reported by Islam et al. (2016) who stated that the highest number of noneffective tillers hill-1 (6.44) was observed in BRRI dhan39 rice variety and the lowest one (4.26) was found in BRRI dhan31 variety.

5.4.16 Number of Total Tiller Hill-1

There was a statistically significant difference in the number of tiller hill-1 amongst the studied hybrid, HYV and indigenous varieties were presented in Table 5.6.  It was revealed that in general hybrid variety produced higher number of tillers hill-1 than those of HYV followed by indigenous varieties. The highest number of total tiller hill-1 was observed in both BRRI hybrid dhan3 (20.75) which were statistically similar to BRRI hybrid dhan5 (20.25). The lowest effective tiller hill-1 was found in Biron dhan (14.25) and Lafaya and Jagli also produced the lower number of effective tillers. HYV variety produced intermediate number of effective tillers. The above results of variability in effective tillers hill-1 were in full agreement with many workers such as (Roy 2019; Yong et al. 2001; Dutta et al. 2002; Shrirame and Muley 2003; Munshi 2005). The differential response of tillering in the genotype could be attributed to its genetic potentiality. This study was in agreement with Zahan (2011) that number of tillers in case of local cultivars were low in comparison to modern and released varieties.
Table 5.7 Number of Filled Grain Panicle-1, Number of Non-Filled Grain Panicle-1 and 
Grain Number Panicle-1 of Eight Rice Cultivars at Harvesting Stage

	Variety
	Number of Filled Grain Panicle-1
	Number of Non-Filled Grain Panicle-1 
	Grain Number Panicle-1 

	BRRI hybrid dhan3
	254.75b
	2.25g
	257.00b

	BRRI hybrid dhan5
	272.50a
	2.25g
	274.75a

	BR18 (Shahjalal)
	155.00e
	12.00d
	167.00d

	BRRI dhan28
	163.25d
	9.50e
	172.75d

	BRRI dhan29
	181.75c
	7.50f
	189.25c

	Lafaya (Lakhai)                 
	124.00h
	21.50a
	145.50f

	Biron dhan
	133.25g
	19.5b
	152.75ef

	Jagli
	141.75f
	14.25c
	156.00e

	SE
	3.88
	0.93
	3.75

	LSD
	8.076
	1.936
	7.788

	% CV
	3.08
	11.87
	2.8



5.4.17 Number of Filled Grain Panicle-1

Table 5.7 showed that a statistically significant variation in number of filled grain panicle-1 was observed among the tested eight rice cultivars. The number of filled grains panicle-1 is the most important attribute which was significantly different among the varieties. The result revealed that Number of filled grain panicle-1 hybrid varieties had the highest among the varieties (Table 5.7). The highest grain number Panicle-1 was recorded in BRRI hybrid dhan5 (272.5) and the lowest grain number panicle-1 was in Biron dhan (124.00). Among the HYV, BRRI dhan29 produced the higher filled grain (181.75) but significantly lower than the both hybrid rice varieties. Many researchers revealed that hybrid rice markedly produced greater number of grain number panicle-1 than HYV and indigenous varieties.



5.4.18 Number of Non-Filled Grain Panicle-1

The number of non-filled grains panicle-1 is the most important attribute which was significantly different among the varieties. The result revealed that number of filled grain panicle-1 of hybrid varieties had the highest among the varieties (Table 5.7). The highest non-filled grain number panicle-1 was recorded in Lafaya (21.5) while the lowest non-filled grain number was found in both BRRI hybrid dhan3 and BRRI hybrid dhan (2.25). HYV produced in-between indigenous and hybrid rice. Among the HYV BR18 produced the higher non-filled grain (12) but significantly higher than those of other HYV rice varieties. Many researchers revealed that hybrid rice markedly produced lower number of non-filled grain number panicle-1 than HYV and indigenous varieties.

5.4.19 Number of Total Grain Number Panicle-1
The varietal effect on total grain number panicle-1 production at reproductive stages was significant (Table 5.7). The present result revealed that total grain number panicle-1 increased in hybrid rice cv. BRRI hybrid dhan5 (274.75) followed by BRRI hybrid dhan3. The BRRI dhan29 produced the higher number grain (189.25) compared to others HYV cv. BRRI dhan28 (172.75) and BR18 (Shahjalal) (167.00), respectively. The lowest number of grain panicle-1 was in cv. Lafaya (145.50) which was statistically similar to Biron dhan. 

5.4.20 Panicle Length
At harvest, rice panicle length defined as the distance between the panicle neck and the apexes typically measured. The dividing line between the stem and the panicle is considered to be the panicle neck, which has a cyclic structure. A statistically significant difference in panicle length was observed among the tested eight rice cultivars (Table 5.8). The number of panicle length was the most important attribute which was markedly prominent in the present study. The result revealed that panicle length in hybrid cultivars recorded in BRRI hybrid dhan5 (27.37 cm) followed by BRRI hybrid dhan3 (25.66 cm). The lowest panicle length in Biron (19.37 cm) followed by Lafaya (19.69 cm) which were statistically similar. Among the HYV, BRRI dhan28 produced the higher panicle length. Many researchers revealed that hybrid rice markedly produced greater panicle length than HYV and indigenous varieties. Larger the panicle the greater the number of grains is ensured which hybrid rice cultivars evidently showed in the present study. 

Table 5.8 Panicle Length, 1000 Grain Weight, Grain Weight Plot-1 and Straw Weight 
Plot-1 at Harvest 
	Variety
	Panicle Length
(cm)
	1000 Grain wt. 
(kg)
	Grain wt. Plot-1 (g)
	Straw wt. Plot-1 (kg)

	BRRI hybrid dhan3
	25.66b
	33.83b
	4275a
	4250ab

	BRRI hybrid dhan5
	27.37a
	37.23a
	4400a
	4400a

	BR18 (Shahjalal)
	20.70cd
	24.70e
	3175c
	3400d

	BRRI dhan28
	25.08b
	27.77d
	3700b
	4175b

	BRRI dhan29
	24.71b
	29.70c
	3787.5b
	3825c

	Lafaya (Lakhai)                 
	19.69de
	24.64e
	2312.5e
	2687.5f

	Biron dhan
	19.37e
	23.84e
	2587.5d
	3137.5e

	Jagli
	20.88c
	23.62e
	2425de
	2875f

	SE
	0.57
	0.74
	93.11
	91.86

	LSD
	1.173
	1.548
	193.64
	191.02

	% CV
	3.48
	3.74
	3.95
	3.61



5.4.21 Thousand (1000) Grain Weight
Thousand grain weight had also shown a significant variation among the varieties tested (Table 5.8). The varietal effect on 1000 grain weight was statistically significant among the eight different rice cultivars (Table 5.8). The present finding revealed that 1000 grain weight highest in hybrid rice cv. BRRI hybrid dhan5 (37.23 g) followed by BRRI hybrid dhan3 (33.83 g). Among the BRRI released HYV, the BRRI dhan29 produced the higher 1000 grain weight (29.70 g) compared to others HYV cv. BRRI dhan28 (27.77 g) and BR-18 Shahjalal (24.70 g), respectively. The lowest 1000 grain weight was in cv. Jagli (23.62 g) which was statistically similar to Lafaya (24.64 g) and Biron dhan (23.84 g). Mondal et al. (2005) studied 11 modern cultivars of transplant aman rice and reported that 1000 grain weight differed significantly among the cultivars studied which supported by the present experimental results. Results revealed that hybrid rice varieties had greater 1000 grain weight than followed by HYV and indigenous varieties. The BRRI hybrid dhan5 had the highest and was 37.23 g while the indigenous cv. Jagli, Biron and Lafaya showed the lowest 1000 grain weight (23.62 g, 23.84 g and 24.64 g), respectively. 
5.4.22 Grain Yield Plot-1
A significant difference in grain yield plot-1 among the Boro rice varieties was shown in Table 5.8. The highest grain yield plot-1 was recorded in BRRI hybrid dhan5 (4.40 kg plot-1) followed by BRRI hybrid dhan3 (4.28 kg plot-1) which was statistically similar. The lowest grain yield was recorded in indigenous rice cv. Lafaya (2.31 kg plot-1) and cv. Jagli (2.43 kg plot-1). The higher yield in BRRI hybrid dhan5 and BRRI hybrid dhan3 might be due to the production of highest number of effective tillers and highest grain panicle-1. Pruneddu and spanu (2001) reported that the genotypes; which produced higher number of effective tillers hill-1 and higher number of grains panicle-1 also showed higher grain yield. Similar results were also reported by Dutta et al. (2002) and Mondal et al. (2005) in rice. Similar result was also observed in the presented investigation and well agreed with Sarker et al.  (2015). 
5.4.23 Straw Yield Plot-1
There was a significant difference in straw yield plot-1 among the hybrid, HYV and indigenous rice varieties shown in Table 5.8. The highest straw yield plot-1 was recorded in BRRI hybrid dhan5 (4.40 kg plot-1) followed by BRRI hybrid dhan3 (4.25 kg plot-1) which was statistically similar. The lowest straw yield was recorded in indigenous rice cv. Lafaya (2.69 kg plot-1) and cv. Jagli (2.88 kg plot-1). The higher straw yield in BRRI hybrid dhan5 and BRRI hybrid dhan3 might be due to the production of highest dry matter in leaf stem and root and similar result was also observed in the presented investigation and well agreed with Sarker et al.  (2015). 
5.4.24 Grain Yield (ha-1)
Rice grain yield was significantly affected by the genotypes in the present study. Table 5.9 shows that a significant variation in grain yield (ha-1) among the tested rice varieties. The highest grain yield (ha-1) was found in BRRI hybrid dhan5 (4.40 t ha-1) followed by BRRI hybrid dhan3 (4.28 t ha-1) which was statistically similar. The lowest grain yield was recorded in indigenous rice cv. Jagli (2.31 t ha-1) and cv. Biron dhan (2.43 t ha-1). The higher yield in BRRI hybrid dhan5 and BRRI hybrid dhan3 might be due to the production of highest number of effective tillers and highest grain panicle-1. Islam et al. (2016) who revealed that genetic variability of rice plants with high panicles have high number of filled grains thereby increasing rice yield. Pruneddu and spanu (2001) reported that the genotypes; which produced higher number of effective tillers hill-1 and higher number of grains panicle-1 also showed higher grain yield. Similar results were also reported by Dutta et al. (2002) and Mondal et al. (2005) in rice. Similar result was also observed in the presented investigation and well agreed with Sarker et al. (2015). 
5.4.25 Straw Yield (ha-1)
There was a significant difference in straw yield ha-1 among the hybrid, HYV and indigenous rice varieties shown in Table 5.9. The highest straw yield ha-1 was in BRRI hybrid dhan3 (4.52 t ha-1). A statistically similar result was found with BRRI hybrid dhan5 (4.46 t ha-1). The lowest straw yield was recorded in indigenous rice cv. Jagli (3.69 t ha-1) and statistically similar with cv. Lafaya (3.71 t ha-1) and cv. Biron (3.76 t ha-1). The higher straw yield in BRRI hybrid dhan3 and BRRI hybrid dhan5 might be due to the production of highest dry matter in leaf stem and root. Similar result was also observed in the presented investigation and well agreed with Sarker et al. (2015).  The differences in straw yield might be attributed to the genetic make-up of the genotypes. These results uphold with the findings of Patel (2000) and Om et al. (1999) where they concluded that straw yield differed significantly among the varieties.

5.4.26 Biological Yield (t ha-1)
There was significant difference in total dry matter among the Boro rice varieties (Table 5.9). The highest total dry matter was recorded in V1 and V2 (8.80 and 8.86 t ha-1), respectively and the lowest total dry matter was recorded in Jagli (6.11 t ha-1) which was statistically similar with Lafaya and Biron. The above results of differences in total dry matter (t ha-1) were in full agreement with Hoque (2004). The differential response of dry matter in the genotype could be attributed to its genetic potentiality.


5.4.27 Harvest Index (% HI)
Table 5.9 showed that a statistically significant Harvest index was observed among the rice varieties. The highest harvest index was recorded for BRRI hybrid dhan5 (49.64 %) followed by BRRI hybrid dhan3 (48.59 %) which were statistically similar with HYV cultivars. The lowest harvest index was recorded in Biron dhan (38.43 %) which were statistically identical with Jagli and Biron. The result also showed that there was no significant difference among indigenous varieties except cv. Lafaya. The result revealed that hybrid and HYV showed higher harvest index compare to indigenous varieties. It means dry matter partitioning to economic yield is inferior in indigenous varieties. Dutta and Mondal, 1998 reported that % HI is the measure of the efficiency of conversion of photosynthate into economic yield of a crop plant. According to (Poehlman 1991), high yield is determined by physiological process leading to a high net accumulation of photosynthates and it’s partitioning into plant and seed. This opinion has been reflected in the present study. In the present investigation, high yielding varieties maintained high % HI. 

Table 5.9 Grain Yield, Straw Yield, Biological Yield and % HI at Harvest

	Variety
	Grain Yield
(t ha-1)
	Straw Yield
(t ha-1)
	Biological Yield
(t ha1)
	% HI

	BRRI hybrid dhan3
	4.28a
	4.52a
	8.80a
	48.59a

	BRRI hybrid dhan5
	4.40a
	4.46a
	8.86a
	49.64a

	BR18 (Shahjalal)
	3.18c
	3.50d
	6.68c
	47.56a

	BRRI dhan28
	3.79b
	4.08ab
	7.86b
	48.18a

	BRRI dhan29
	3.70b
	4.18ab
	7.88b
	46.98a

	Lafaya (Lakhai)                 
	2.59d
	3.71cd
	6.018d
	38.43b

	Biron dhan
	2.43de
	3.76cd
	6.35cd
	40.95b

	Jagli
	2.31e
	3.69d
	6.11d
	39.92b

	SE
	0.093
	0.179
	0.218
	1.279

	LSD
	0.194
	0.373
	0.454
	2.660

	% CV
	3.950
	6.360
	4.210
	4.020




5.5 Summary and Conclusion

The research work was conducted at the Agricultural Farm under the Department of Agricultural Chemistry of Hajee Mohammad Danesh Science and Technology University (HSTU), Dinajpur during the period of January to June, 2020 to evaluate the performance of selected eight rice cultivars. In the present experiment, two selected BRRI hybrid dhan- BRRI hybrid dhan3, BRRI hybrid dhan5, three selected released HYV BR18 (Shahjalal), BRRI dhan28, BRRI dhan29 and three local varieties Lafaya, Biron dhan and Jagli were tested for evaluating yield performance. The experiment was laid out in a Randomized Complete Block Design (RCBD) with three replications. Various morphological parameters like plant height, number of tillers per hill, number of effective tillers per hill, number of leaves per plant, grain yield and straw yield were studied for the purposes. 

The result indicated that plant height differed significantly among the hybrids, released HYVs and local rice cultivars at different growth stages viz. early vegetative, tillering, and maturity. The plant height development pattern showed that all the varieties increased their height progressively up to flowering. The rice cv. BRRI Hybrid dhan3 was the shortest plant (76.23 cm) at harvesting stage but the local indigenous cultivar cv. Lafaya the tallest (157.86 cm). The local indigenous Biron dhan also showed the tallest plant among the tested rice cultivars which was statistically similar to cv. Lafaya. The maximum tiller number hill-1 and effective tiller numbers were higher in the BRRI Hybrid dhan5 at harvesting stage. The Lafaya had the highest leaf numbers hill-1 (15.75) but the minimum number of leaf numbers hill-1was in BRRI hybrid dhan5 (7.5) which was statistically similar to BRRI hybrid dhan3 (8.5), respectively. Very surprisingly, test rice cv. BRRI hybrid dhan5 had shorter flag leaf length but wider at harvesting stage. On the contrary, local indigenous cv. Lafaya had the longer but narrower flag leaf at the same growth stage. A significant variation was observed regarding root weight and root depth among the rice cultivars. The test rice cv. BRRI hybrid dhan5 produced the maximum root dry matter (0.36 g) and grown deeper root zone (23.06 cm) than those of other cultivars. The lowest was in the cv. Lafaya (0.21 g and 16.15 cm). BRRI hybrid dhan5 produced the highest yield (than the local cultivars. The higher yield in BRRI hybrid dhan5 might be due to the production of highest number of effective tillers and highest grain panicle-1. Among the tested local indigenous cultivars, Lafaya produced the highest grain yield than others due to the production of more effective tillers hill-1.

BRRI hybrid dhan5 produced significantly the highest grain yield than other cultivars. Panicle characters concerning growth and differentiation showed significant variability among the hybrid, local and released HYV rice cultivars. Among all the cultivars, BRRI hybrid dhan5 showed the highest panicle length (27.37 cm) followed by BRRI hybrid dhan3. The shortest panicle length was found in Biron dhan (19.37 cm), an indigenous cultivar. Similarly, number of grains per panicle and 1000 grain weight and grain weight per plot, and straw weight per plot were the highest in BRRI hybrid dhan5 among the tested rice cultivars and 

BRRI hybrid dhan3 showed significantly the higher grain, straw and biological yield ha-1 and HI %. There was no significant difference among BRRI dhan28 and BRRI dhan29. The lowest yield regarding grain, straw and biological yield ha-1 and HI % was the lowest in the three indigenous cultivars and there was no significant difference among them.  The varieties BRRI hybrid dhan5 and BRRI hybrid dhan3 showed superiority in respect of morphological parameters like effective tiller number, leaf number, erect leaves and total dry mass, panicle length, grain yield ha-1 and HI %.
Morphological and reproductive variations were observed among the studied two BRRI hybrids, three BRRI HYV and three indigenous rice cultivars. 

The BRRI hybrid dhan3 and BRRI hybrid dhan5 were short stature, longer root and higher yield genotype that can escape lodging. 

Grain yield of BRRI hybrid dhan3 and BRRI hybrid dhan5 were superior and almost higher yielder than local (local check).

Therefore, it is inferred that BRRI hybrid dhan5 always showed superiority in yield contributing characters over other HYV and local varieties resulting higher grain yield. Among the local rice cultivars, Lafaya had the best yielding ability. Therefore, it can be revealed the superiority as BRRI hybrid dhan5> BRRI hybrid dhan3> BRRI dhan29> BRRI dhan28> BR18 (Shahjalal)> Biron dhan> Lafaya> Jagli and may be selected for testing cold stress sensitivity in Northwest Bangladesh using biochemical approaches due to its high morphological characteristics and genetic yield potential among the cultivars studied.




























EXPERIMENT: 03
Amelioration of Cold Stress in Some Selected Boro Rice Seedlings by Biochemical Approaches Using Sulphosalicylic Acid

6.1 Specific Objectives
i. To find out cold survival mechanism level on morpho-physical traits of rice seedlings using sulphosalicylic acid.
ii. To investigate the physiological and biochemical characteristics of cold susceptible varieties at seedling stage grown under cold stress condition.
iii. To develop techniques to improve seedling survival and growth rate of cold susceptible under low temperature stress.
iv. To find out suitable cold tolerant rice cultivar(s) for Boro season to manage the upcoming extreme cold environment in order to ensure food security.
6.2 Introduction
Climate change results various biotic and abiotic stresses in plant, four major abiotic stresses, i.e., drought, elevated and chilling temperature, salt and elevated CO2 is directly related to climate change (Ishita et al. 2010). Overall, climate change is expected to decrease agricultural GDP by 3.1 % each year a cumulative $36 billion in lost value-added during 2005 to 2050. Northwest Bangladesh, i.e., Dinajpur, Panchagarh, Rangpur, Kurigram, Thakurgaon, Lalmonirhat, Rajshahi and Joypurhat district and some parts have longer and chilled winter and very hot and dry environment for Boro rice cultivation. Cold weather often injured seed germination and seedling growth which bring about 20 % to 25 % seed loss. Bangladesh is the most vulnerable to climate change for its physiographic location. Presently Bangladesh is facing extreme weather like, longer winter, chilling cold, hot and higher temperature during summer, uneven precipitation during monsoon and other season, frequent storm, cyclone, tornado, strong western wind. The climate of different regions of Bangladesh is changing. The Northwest Bangladesh is more prone to climate change effect. These effects are mostly related with food production resulted in threatening to food security in Bangladesh.

Rice (Oryza sativa L.) is sensitive to chilling at early stages of seedling establishment. Cold stress at the early stages of development results in poor germination and growth. The increased seedling mortality, yellowing of leaf and roots and negative impact on plant development results in poor stand establishment and non-uniform crop maturation. Given its complex biochemical nature, the physiological and genotypic basis of adaptive responses must rely on intricate mechanisms that integrate stress responses and developmental processes. The mechanism for the effects of low temperature stress on growth and accompanying metabolic and molecular changes remains unclear. Cold weather often injured seed germination and seedling growth which bring about 20 % to 25 % seed loss.

Cold stress adversely affects plant growth and development of plants and significantly constraints the spatial distribution of plants and agricultural productivity (Chinnusamy et al. 2007). Cold temperature, a common environmental stress in the temperate and subtropical regions, affects several biochemical, physiological and metabolic functions in plants (Sarker et al. 2015; Levitt 1980; Wang 1982; Murata and Yamada 1984; Roughan 1985; Guy 1990). Many plants of tropical origin cannot tolerate cold and can be damaged even at moderate temperatures that are below 20 ºC (Graham and Patterson 1982). Photosynthesis is one of the first processes to be affected when cold sensitive plants are exposed to low temperature (Levitt 1980; Wang 1982). Low temperature (cold stress), which includes chilling (<20 °C) and freezing (<0 °C) temperatures, seriously disrupts cellular homeostasis, leads to cell damage and drastically impairs plant development and growth (Yang et al. 2006; Tester and Langridge 2010; Varshney et al. 2011; Shi et al. 2012).  

To evaluate the level of cold tolerance at the seedling stage in rice, a number of parameters have been adopted including seedling survival percentage (Luo and Luo 2007; Misawa et al. 2000; Zhang et al. 2005a), necrosis and/or wilting (Andaya and Mackill 2003; Andaya and Tai 2006), leaf yellowing and stunting (Andaya and Tai 2006), arbitrary rating scale (Misawa et al. 2000), shoot length, root length and seedling dry weight (Zhang et al. 2005b). Cold tolerance at the post-germination stage in rice was studied using gained shoot length (GSL) as a new parameter, which was measured as increased shoot length during cold stress at 6 °C followed by a 4-day recovery period at 35 °C (Ranawake et al. 2008). Fast shoot elongation growth is a favorable agronomic trait for seedling establishment and uniform crop stand (Andaya and Mackill 2003a; Fujino et al. 2004). Temperature between 20 °C to 35 °C is optimum for seed germination and early seedling growth in rice, while temperature of 10 °C was reported as the minimum critical temperature (Fujino et al. 2004).

Under such unfavorable low temperature conditions, fast shoot elongation growth is beneficial for uniform crop stand particularly in the direct seeded rice cultivation system in high altitudes in tropics and sub-tropics and also in temperate regions. Hence, developing rice varieties with fast seedling growth under cold stress is an important target in these regions. Numerous reports revealed that a positive relation between the accumulation of proline and low temperature stress tolerance in rice plant (Ito et al. 2006; Huang et al. 2009; Sarker et al. 2012). Christie et al. (1991) stated that cold temperature, a common environmental stress in the temperate zone, affects numerous biochemical, physiological, and metabolic functions in rice. Plants plant responses to cold stress in terms of cellular and biochemical changes have been intensively investigated (Thomashow 1999; Hasegawa et al. 2000).
It has been reported that in rice plants growth rate and metabolism are markedly inhibited even at temperatures above the chilling temperature in the range of 15 °C to 20 °C (Kabaki et al. 1982; Takanashi et al. 1987) but the mechanism for the effects of low temperature stress on growth and the accompanying metabolic changes remains unclear. It is generally recognized that the patterns of protein synthesis and mRNA level change when plants are exposed to cold temperatures (Thomashow 1990; Koga-ban et al. 1991). There is considerable alteration in the composition of lipid and protein in the plasma membrane during cold acclimation which in turn contributes to the stabilization of the membrane under freeze-induced dehydration (Uemura et al. 2006).

Hare et al. (1998) and Nanjo et al. (1999) described that many plants accumulate free proline in response to the imposition of environmental stresses such as drought, high salinity, and low temperature. Amino acids including proline are considered as key factors in metabolism and development of higher plants. Moreover, amino acids act as signaling molecules, controlling their own metabolism and the expression of a variety of genes in response to stress condition (Kiyosue et al. 1996; Nielsen et al. 1998). Under environmental stress conditions such as salts, cold, and drought stresses, many plants accumulate compatible solutes such as proline and glycinebetaine.

Low temperature has the potential to affect growth and development of rice   plants during any developmental stage, from germination to grain filling (Ye et al. 2009). However, Yoshida (1981) revealed that sensitivity to cold varies between stages. According to his findings, rice plants have a lower threshold temperature (10 °C to 13°C) for cold damage during the early stages of development (germination and vegetative), what makes them less sensitive to cold than during the reproductive stage, which has a higher threshold temperature for damage (18 °C to 20 °C). Low temperature can reduce up to 25 % of the final yield (Bierlen et al. 1997; Clayton and Neves 2011; Lima et al. 2012). 

Farooq et al. (2009b) reported that both the chlorophyll a (Chl-a) and chlorophyll b (Chl-b) are prone to soil drying damages. However, carotenoids have additional roles and partially help the plants to withstand adversaries of drought. Drought stress induced changes in the ratio of Chl-and Chl-b and carotenoids. The chlorophyll content decreased to a significant level at higher water deficits in sunflower (Kiani et al. 2008) and Vacciniummyrtillus (Tahkokorpi et al. 2007). As reported by Habibi et al. (2011) cold stress had a significant effect on chlorophyll a and b, total chlorophyll content and cell membrane stability.

Many authors found that in temperate regions, low temperature-induced chlorosis in maize is generally most pronounced in the early growing season. Leaves grown at low temperature, compared to those grown under normal conditions, are characterized by a very low photosynthetic performance (Nie and Baker 1991; Stirling et al. 1991; Nie et al. 1992) changes in the content and the composition of the pigments (Stamp et al. 1983; Haldimann 1998) reduced activities of photosystem I and photosystem II associated with modifications in the composition of thylakoid membranes (Nie and Baker 1991; Robertson et al. 1993) and changes in the contents of the endogenous antioxidants ascorbate, glutathione and a-tocopherol (Leipner et al. 1997; Fryer et al. 1998).
Ranawake et al. (2008) found that cold tolerance at the post-germination stage in rice was studied using gained shoot length (GSL) as a new parameter, which was measured as increased shoot length during cold stress at 6 °C followed by a 4-day recovery period at 35 °C

Brouwer (1983) concluded that most of the literature low-temperature effects on shoots and roots deals only with dry-matter accumulation. This may not reflect accurately the growth pattern, since a variable part of dry matter accumulation corresponds to transient accumulation of non-structural carbohydrates (Brouwer 1983; Stuiver et al. 1995).

[bookmark: _Hlk190120799]Akladious (2012) reported that the low temperature stress alone inhibited the growth of wheat seedlings as compared to control (22 °C). Increase in growth rate such as shoot length, root length, fresh and dry weights of seedlings after low temperature stress was higher in selenium-treated seedlings compared to the untreated ones (3 °C and 5 °C). The lowest biomass production which occurred in wheat seedlings was observed at 3 °C by soaking the seeds in selenium for 15 hours before germination. Ye et al. (2009) reported that improving low temperature tolerance of rice varieties has been difficult, due to a lack of clarity of the genetic basis to low temperature tolerance for different growth stages of the rice plant. Seeds or plants of 17 rice varieties of different origins were exposed to low temperature during germination (15 °C), seedling, booting and flowering stages (18.5 °C) to assess their cold tolerance at different growth stages. Low temperature at the germination stage reduced both the percentage and speed of germination.

In nature, cold environment may last for a long period, its intensity may differ and sometimes it may appear repeatedly. In context of Bangladesh cold stress restricts rice seedling growth and economic yield in every year especially for Boro rice. The effect of low temperature stress on rice seedlings responses depends not only on lack of warmth and sufficient soil water, but also on the microclimatic environments especially sudden low temperature below 10 °C and foggy weather in which the plant grows and develops, and the duration and severity of low temperature. Some plant species are not sensitive to short-term stress and can acclimatize themselves with less damage. Low temperature stress, among all the abiotic stresses in the global environment, probably the most important in determining seedling growth and ultimate productivity. The effect of low temperature on seedling growth very much depends upon the timing and duration of stress. Considering this, cold tolerant rice seedling can meet up the problem and farmers in the region will cultivate the Boro rice at proper time easily without any economic loss. Climate change makes the environment complex for the rice growth at vegetative and reproductive period because of increased drought intensity. Therefore, suitable research works on the studies of cold injury at seedling stage is a burning issue for this region. The purpose of the proposed research is to know the mechanism of cold tolerance in early stage of rice species which depends on reprogramming gene expression to modify their physiology and biochemistry. 

6.3 Materials and Methods
The study was conducted at the agriculture research field of Hajee Mohammad Danesh Science and Technology University, Dinajpur, Bangladesh located in 25.13°N latitude and 88.23ºE longitude and at an elevation of 34.5 m above the mean sea level. The experimental field soil was the Old Himalayan piedmont plain soil belonging to Agro Ecological Zone 1 (AEZ-1). The present research work was conducted at the research field of the Department of Agricultural Chemistry, Hajee Mohammad Danesh Science and Technology University, Dinajpur, Bangladesh during the period of December, 2019 to February, 2020 where natural low temperature stress during seed germination and seedling growth stage were studied in order to screen out relatively low temperature stress tolerant Boro rice cultivar(s) for facing upcoming rice production challenge. 

6.3.1 Recording Daily Field Air Temperature, Relative Humidity and Rainfall
The daily maximum and minimum air temperature prevailing in the experimental plots during the study period was recorded using digital thermometer placed in the field. Relative humidity and rainfall data was also monitored presented in Appendix 1.

Plant sample collection at 7, 14, 21 and 28 days aged seedling (DAS) at field were collected for 
i) Seedling root length and weight 
ii) Seedling shoot length and weight 
iii) Total seedling weight 
iv) Biomass partitioning 
v) Seedling mortality rate/survival rate was done during the experiment.

6.3.2 Experimental Site and Soil
The research field of the Department of Agricultural chemistry, HSTU, Dinajpur located in 25.13°N latitude and 88.23°E longitude and at an elevation of 34.5 m above the mean sea level. This site belongs to AEZ-1 (Agro-ecological Zone-1) categorized as Himalayan Piedmont Plain as classified by UNDP and FAO (1988). The experimental field was a medium high land having sandy loam soil with soil pH 6.0. As per initial soil test report, the experimental site soil contained 0.07 % total Nitrogen, 1.17 % organic matter, 13.77 ppm available Phosphorus, 0.225 meq/100 g available Potassium, 38.59 ppm available Sulphur and 0.56 ppm Boron. 
6.3.3 Climate and Weather
The research work was conducted during Boro season (December, 2019 to February, 2020) which is also known as dry season or Rabi season. The experimental area possesses subtropical climatic condition. The air temperature was relatively low at the beginning of the season and was lowering with advancement of the experiment, followed by subsequent increasing toward Kharif with occasional gusty winds. No rainfall was detected during experimental period. The meteorological information during the experimental period related to air temperature at a regular interval are represented in Appendix 1. 

6.3.4 Experimental Materials 

 6.3.5 Plant Species 
Rice (Oryza sativa) plant species was the Boro rice seedling. Five rice varieties seeds were used for the purpose as follows.

6.3.6 Experimental and Growth Condition 
Crop field in farm under ambient atmospheric environment and growth chamber maintaining constant 6 °C at Hajee Mohammad Danesh Science and Technology University, Dinajpur. Fifteen-day aged five seedlings of eight varieties which were separately transferred into a one-time plastic glass for using low temperature for acclimation of 6 °C in the growth chamber.  Required amount of seeds of which were more prone to cold stress, and cold resistant but their genetic potential is still unknown that was collected from different places of Bangladesh. Initially the seeds were germinated the laboratory. Finally, seedlings of five varieties were used for the testing the hypothesis. The required number of seedlings was placed in the field using variety and sulfosalicylic acid during the winter was regarded as factor A and B. Experimental design was randomized completely block design (RCBD) with three replications.

Table 6.1 Treatment Array Using Five Rice Cultivars and Five Levels of SA under Two  
Growth Environments
	Growth conditions
	Factor- A
Variety
	Factor- B
Sulphosalicylic Acid

	 
 
Ambient
low temperature in field condition
	BRRI hybrid dhan3                V1
	0, 25, 50, 75, 100 ppm

	
	BRRI hybrid dhan5                V2
	0, 25, 50, 75, 100 ppm

	
	BRRI dhan28                         V3
	0, 25, 50, 75, 100 ppm

	
	Lafaya                                   V4
	0, 25, 50, 75, 100 ppm

	
	Biron dhan                             V5
	0, 25, 50, 75, 100 ppm

	Cold stress imposition
6 oC in growth chamber
	BRRI hybrid dhan3                V1
	0, 25, 50, 75, 100 ppm

	
	BRRI hybrid dhan5                V2
	0, 25, 50, 75, 100 ppm

	
	BRRI dhan28                          V3
	0, 25, 50, 75, 100 ppm

	
	Lafaya                                    V4
	0, 25, 50, 75, 100 ppm

	
	Biron dhan                              V5
	0, 25, 50, 75, 100 ppm



Where, T1 = 0 ppm SA, T2 = 25 ppm SA, T3 = 50 ppm SA, T4 = 75 ppm SA and T5 = 100 ppm SA
6.3.7 Land Preparation and Fertilizer Application
The experimental land was first ploughed with a tractor. The land was then ploughed and cross-ploughed three times with Power-tiller followed by laddering to obtain the good tilth. The corners of the experimental field were spaded well and larger clods were broken into smaller pieces. All the stubbles and weeds like mutha (Cyperus rotundus), chapra (Eleusine indica), bermuda grass/durba (Cynodon dactylon) etc. were removed from the field carefully. The land was leveled well with addition of water and made ready for the purpose of preparing wet seedbed. Each experimental plot was fertilized with chemical fertilizers based on the initial soil test report. Half of the urea fertilizer was applied as basal dose during the final land preparation. Rest of urea was top dressed after 20 days of seeding at the seedbed. Triple Super Phosphate (TSP) and Muriate of Potash (MoP) were applied by following recommended dose (SRDI 2009) for rice seedlings as stated in Table 6.2.
Table 6.2 Recommended Dose of Fertilizers Applied in Research Field
	Fertilizers
	Application dose (kg ha-1)
	Quantity plot-1

	Urea
	220
	88 g

	TSP
	200
	80 g

	MoP
	200
	80 g


6.3.8 Seed Sowing, Weeding and Irrigation
The seeds of selected eight rice varieties were sown in previously prepared seedbed. The sprouted seeds were placed in individual plots without any biasness at the rate of 330 g per plot. Proper irrigation was made as and when needed. To make the experimental plot weed free, weeding was done at 20 and 27 days after sowing (DAS).

6.3.9 Morphological Parameters
6.3.10 Determination of Germination Percentage
The germination percentage was determined at field level at the initial stage of the experiment. This was done by counting the number of germinated seed and total number of seed within a marked area. This counting was done after 10 days of first germination (DAG). The percent germination was first calculated using following formula.
Percent germination =  × 100

6.3.11 Mean Germination Time
Germination was recorded daily and was considered complete once the radicle protruded about 2 mm in length. The experiments were continued for 28 days (Ellis and Roberts 1981).
 
Mean germination time (MGT) was calculated by using the equation: 
MGT =∑(n×d)/N 
Where, n= number of seeds germinated on each day, 
d= number of days from the beginning of the test, and 
N=total number of seeds germinated at the termination of the experiment.

6.3.12 Determination of Root and Shoot Lengths
The root and shoot length of rice seedlings was measured by using scale having millimeter (mm) divisions for accurate determination. The shoot length was determined by placing measuring scale at the transitional zone of root and shoot toward top of the leaves. For measuring root length, the whole seedling was uprooted with the help of khupri keeping the root zone undisturbed. Then the collected root zone was washed carefully with running water so that all roots remained intake. Then the measurement of root length was made by placing the scale at transitional zone of root and shoot towards root apex. 
6.3.13 Determination of Root and Shoot Dry Weights
The sample collected for fresh weight determination was used for measuring the dry weight of shoot and root of rice seedlings. The shoot and root portions of samples were oven dried at 60 °C for 72 hours separately followed by drying at room temperature for 72 hours. After complete drying, the dried root and shoot of rice seedlings were weighed and averaged carefully.

6.3.14 Seedling Vigor Index
Seed vigor index (VI) at 10 DAS was calculated using the equation (Ruam et al. 2002) and Final germination percent (FGP (Bam et al. 2006) as


At the 7th day after final count, germination index (GI) was calculated as described in the handbook of AOSA (1983) as 


6.3.15 Antioxidant Enzyme Activities Measurement 
6.3.16 SOD and POD Enzyme Activities Measurement
Fresh rice seedling leaves (0.5 g) of 14 days aged from both field and growth chamber were collected in different 2 mL Eppendorf tube. The samples were ground thoroughly with a cold mortar and pestle in 50 m mol potassium phosphate buffer (pH 7.8) containing 1 % polyvinylpyrrolidone. The homogenate was centrifuged at 15000 rpm for 20 min at 4 °C. The supernatant was crude enzyme extraction. The activities of peroxidase (POD), and superoxide dismutase (SOD) was measured using the protocols described by Miao et al. 2010.
6.3.17 Physiological and Biochemical Analysis 
6.3.18 Proline Content Analysis
Proline concentrations in test seedling leaves of 14 days aged from both field and growth chamber were collected was measured by the sulfosalicylic acid-acid ninhydrin method with slight modifications. Fresh flag leaf samples from different rice varieties treated with GA3 was used for the determination of proline. Free proline content was estimated using the acid ninhydrin method described by Bates et al. (1973). About 40 mg to 50 mg of fresh leaf sample by weight was collected in an Eppendorf tube containing 0.5 ml of 3 % sulfosalicylic acid and homogenized well using Eppendorf stick. It was then placed on a vortex mixer for about 10 minutes. Then 0.5 mL of 3 % sulfosalicylic acid was added in it again. The Eppendorf tube was then centrifuged for 20 minutes at 25 °C with 15000 rpm speed. Then the supernatant was collected in a test tube carefully with the help of micropipette.  Then 1.0 ml of 3 % sulfosalicylic acid was added again to the Eppendorf tube and centrifuged for 20 minutes at 25 °C temperature with 15000 rpm speed followed by mixing well using vortex mixer for 10 minutes. The supernatant was collected and added to the previously collected supernatant. Acid ninhydrin solution was made by adding 1.25 g ninhydrin with 30 mL glacial acetic acid and 20 mL of 6 M phosphoric acid and warmed it until dissolved. Standard proline solution was also prepared by adding 0, 1, 5, 20, 50, 100, 150, 200 and 300 µg per 2 mL of 3 % sulfosalicylic acid in test tubes for preparing standard curve. Then 2ml each of glacial acetic acid and acid ninhydrin solution were added to the test tubes containing sample and standard proline solution. The test tubes were then heated for 15 minutes in dry block heater maintaining 96 to 100 °C temperature and the reaction was terminated in an ice bath. The optical densities of the solutions (sample and standard solution) were measured at 520 nm wave length using UV-visible spectrophotometer. Proline was estimated by following Bates et al. (1973).
6.3.19 Chlorophyll Analysis
For estimation of total chlorophyll, protocol was followed as described Arnon (1949). The chlorophyll content of rice seedling leaves of tested plants was determined by following method described by Arnon (1949). Total chlorophyll was determined using the formula given by Porra (2002).  Exactly, 0.1 g seedling leaf tissues of 14 days aged from both field and growth chamber were taken in a test tube containing 10mL of 80 % acetone. It was then shaken overnight using an electric horizontal shaker. The optical density or absorbance of the supernatant was measured by using UV-visible spectrophotometer at different wavelengths.  As 80 % acetone was used in this study, the absorbance was measured at 663 nm, 646 nm and 470 nm wavelengths for chlorophyll-a, chlorophyll-b, total chlorophyll and carotenoid content. 

The concentration of chlorophyll-a (Chl-a), chlorophyll-b (Chl-b), total chlorophyll and total carotenoid were measured by using following formulae:

Chl-a= 12.21 A663 - 2.81A646                                                   (mg g-1 fresh weight)
Chl-b=20.13 A646 - 5.03 A663                                                                           (mg g-1 fresh weight)
Total chlorophyll = 17.76 (A646) + 7.34 (A663)                       (mg g-1 fresh weight)
           (mg g-1 fresh weight)
6.3.20 Statistical Analysis
The collected data were analyzed statistically for the analysis of variance (ANOVA) and means were compared by Duncan’s Multiple Range Test (DMRT) as described by Gomez and Gomez (1984) using the statistical computer package program MSTAT-C (Russell 1986).

6.4 Results and Discussion
6.4.1 Seed Germination (%)
In this study, a significant difference in number of seed germination at 10 DAG (days after first germination) was found amongst the seedlings after Salicylic Acid (SA) priming. The variability of seeds germination in rice seedling is shown in the Figure 6.1. Thus, the seedling having more shoot germination percentage during low temperature environmental condition is considered as more low temperature tolerate one. There was a significant difference among the SA treatments on seed germination. In the present study, seeds treated with SA of T1 (80 %), T1 (81.68 %) and T5 (85.67 %) at 10th DAS had the highest seed germination percentage respectively in the leaves indicating more combating ability against low temperature. (Cross-check) (Show the V and T)

Figure 6.1 Germination of Different Rice Varieties


Figure 6.2 Germination under Different Levels of SA

6.4.2 Mean Germination Time
Figure 6.2 showed that statical significant difference was found among the different varieties of rice germination time during the experiment. The lowest mean germination time was (3.35 days) in cv. BRRI hybrid dhan5 followed by cv. BRRI hybrid dhan3 which showed 3.65 days. The highest mean germination time was 3.90 days observed in indigenous variety named Lafaya dhan. The cv. BRRI hybrid dhan5 took minimum time to germinate during cold temperature below 15 °C while the indigenous varieties like Lafaya and Biron dhan in the present study needed more time. 
There was a statistically significant variation was observed among the SA treatment on rice seed germination under ambient temperature during cold environment (Figure 6.2). The mean germination time of rice seeds was the highest in control where there was no salicylic acid treatment and the lowest mean germination time was in T4 treatment i.e., 75 ppm salicylic acid application. In the present study, T4 might be better concentration to combat cold injury among the SA treatment.

Among the interaction treatment between rice varieties and salicylic acid under ambient, the mean germination time was the highest in V4T1 (Figure 6.3).  The BRRI hybrid dhan5 with 75 ppm salicylic acid showed the best performer germinate seed during cold environment and might avoid cold injury. The lowest mean germination time applying 75 ppm SA was in BRRI hybrid dhan5 (Figure 6.4).   



Figure 6.3 Mean Germination Time of Different Rice Varieties

Figure 6.4 Mean Germination Time under Different Levels of SA
6.4.3 Seedling Length (Root, Shoot and Total Seedling Lengths)
There was a significant effect of Sulphosalicylic acid and rice varieties on the root length (Table 6.3). In the present study, the BRRI hybrid dhan3, V1 produced the highest root length (3.33 cm) followed by BRRI hybrid dhan5, V2 (3.29 cm) and the lowest root length was in the rice cv. Lafayav V4 (2.49 cm), respectively. Similarly the shoot growth and total seedling growth regarding length were the highest in the hybrid dhan followed by HYV while the indegenous rice varies had the lower shoot growth. The sulphosalicylic acid treatments improved the root and shoot growth in the indegenous varieties. 

Table 6.3 Root, Shoot and Total Seedling Length of five Selected Rice Varieties Under Diferent Levels of Sulphosalicylic Acid.
	Treatment
	Root length
	Shoot length
	Total seedling length

	
	(cm)
	(cm)
	(cm)

	Rice varieties
	
	
	

	V1
	3.33a
	11.50b
	14.83b

	V2
	3.29b
	11.93a
	15.21a

	V3
	2.98c
	9.98c
	12.96c

	V4
	2.49e
	8.77d
	11.26e

	V5
	2.59d
	8.87d
	11.46d

	SE
	0.0207
	0.0911
	0.0915

	LSD
	0.0415
	0.1831
	0.1839

	CV%
	1.93
	2.44
	1.91

	sulphosalicylic acid
	
	
	

	T1
	2.81c
	10.17b
	12.98c

	T2
	2.93b
	10.13b
	13.06bc

	T3
	2.99a
	10.44a
	13.43a

	T4
	2.97a
	10.24b
	13.22b

	T5
	2.97ab
	10.06b
	13.03c

	SE
	0.0207
	0.0911
	0.0915

	LSD
	0.0415
	0.1831
	0.1839

	CV%
	1.93
	2.44
	1.91





Table 6.4 Interaction of Rice Varieties and Sulphosalicylic Acids on Lengths of Root and Shoot and Total Seedling
	Treatment

	Root length
	Shoot length
	Total seedling length

	
	(cm)
	(cm)
	(cm)

	V1T1
	3.25cd
	11.39ef
	14.64d

	V1T2
	3.34bc
	11.72b-e
	15.06bc

	V1T3
	3.44a
	11.8a-d
	15.06ab

	V1T4
	3.40ab
	11.15f
	14.54d

	V1T5
	3.23d
	11.43d-f
	14.66cd

	V2T1
	3.12e
	11.63c-e
	14.75cd

	V2T2
	3.24d
	12.04ab
	15.27ab

	V2T3
	3.44a
	12.00a-c
	15.28ab

	V2T4
	3.40ab
	12.13a
	15.44ab

	V2T5
	3.23d
	11.83a-d
	15.53a

	V3T1
	2.83g
	9.81gh
	12.64g

	V3T2
	2.92fg
	9.75hi
	12.67fg

	V3T3
	2.92fg
	10.05gh
	12.97fg

	V3T4
	2.99f
	10.08gh
	13.07ef

	V3T5
	3.23d
	10.21g
	13.44e

	V4T1
	2.33l
	9.02jk
	11.35ij

	V4T2
	2.52jk
	8.79k
	11.31ij

	V4T3
	2.62hi
	8.98jk
	11.60hi

	V4T4
	2.49k
	8.92k
	11.41i

	V4T5
	2.47k
	8.16m
	10.63k

	V5T1
	2.53i-k
	9.00jk
	11.53hi

	V5T2
	2.62hi
	8.37lm
	10.99jk

	V5T3
	2.52jk
	9.36ij
	11.88h

	V5T4
	2.59h-j
	8.94k
	11.53hi

	V5T5
	2.67h
	8.69kl
	11.36ij

	SE
	0.0462
	0.2037
	0.2045

	LSD
	0.0929
	0.4095
	0.4112

	CV%
	1.93
	2.44
	1.91



In the interaction, among the cultivars, BRRI hybrid dhan5 and hybrid dhan3 had the higher root length (3.44 cm) at the levels of 50 ppm (T3) showed the better performance (Table 6.4). The interaction effect of SA and varieties was significant for root length. The lowest root length was observed in Lafaya dhan while no SA was applied. The hybrid dhan and HYV had better potential to increased root growth than that those of indigenous varieties. The highest root length was produced by cv. BRRI hybrid dhan5 (3.44 cm) which turned into higher seedling growth resulted in more survival during cold stress.

A significant variation was observed in shoot length of different rice seedlings during study period. Similar trend was that cv. BRRI hybrid dhan5, V2 (12.13 cm) showed better performance at the levels of 75 ppm (T4) followed by hybrid dhan3 in shoot length showed the higher growth. The interaction effect of SA and varieties was also significant for shoot length. The lowest shoot length was observed in cv. Lafaya, V4 while no SA was applied.

In case of total seedling length (root length + shoot length), the highest length was in BRRI hybrid dhan5 with 100 ppm SA followed 75 and 50 ppm SA which was statsitically similar. The BRRI hybrid dhan3 was also produced better seedling growth with 50 pp of SA. The lowest seedling length was found in cv. Lafaya with controlled treatment. The higher seedling length in BRRI hybrid dhan might be the stimulatory effect of SA on cell growth during early seedling development.

6.4.4 Root Weight
Table 6.5 showed that dry biomass, i.e., dry root and shoot weight was distinctly variable in different varieties of rice seedling during the study period. Among the varieties, BRRI hybrid dhan5 had the highest root weight (0.0121 g) at the levels of 50 ppm (T3) showed the better performance. The interaction effect of SA and varieties was also significant for shoot weight. The lowest shoot weight was observed in cv. Lafaya while 25 ppm SA (V4T2) was applied. The HYV had better potential to increased root growth than that of indigenous varieties. The highest number root length was produced by cv. BRRI hybrid dhan5 which turned into higher total seedling growth resulted in more survival during cold stress.

6.4.5 Shoot Weight
Dry biomass partitioning in shoot, i.e., dry shoot weight was statistically different among the five varieties of rice seedling during the study period (Table 6.5). Among the varieties, BRRI hybrid dhan5 had the highest shoot weight (0.0099 g) at the levels of 50 ppm (T3) showed the better performance. The interaction effect of SA and varieties was also significant for root weight. The lowest root weight was observed in cv. Lafaya while 25 ppm SA (V4T2) was applied. The  BRRI hybrid dhan5 showed better potential to increased shoot growth than that of indigenous varieties. The highest number root length was produced by cv. BRRI hybrid dhan5 which turned into higher total seedling growth resulted in more survival during cold stress.

Table 6.5 Dry Root, Shoot and total seedling weight of Five Selected Varieties of Rice Seedlings.
	Treatment
	Dry Root weight 
	Shoot weight
	     Total Seedling weight

	
	(g)
	(g)
	(g)

	V1T1
	0.0058a-d
	0.0114a-c
	0.017a-e

	V1T2
	0.0067a-d
	0.0122ab
	0.019a-c

	V1T3
	0.0069a-d
	0.0124ab
	0.019a-c

	V1T4
	0.00903a
	0.0098b-d
	0.019a-c

	V1T5
	0.0091a
	0.0097b-e
	0.019a-c

	V2T1
	0.0068a-d
	0.0133a
	0.020ab

	V2T2
	0.0088ab
	0.012ab
	0.021a

	V2T3
	0.0081a-c
	0.0121ab
	0.020ab

	V2T4
	0.0066a-d
	0.0135a
	0.020ab

	V2T5
	0.0065a-d
	0.0135a
	0.020ab

	V3T1
	0.0057a-d
	0.0011g
	0.0068g

	V3T2
	0.0064a-d
	0.0112a-d
	0.018a-e

	V3T3
	0.0067a-d
	0.0066ef
	0.013d-f

	V3T4
	0.0058a-d
	0.0105a-d
	0.016b-f

	V3T5
	0.0072a-d
	0.0117z-c
	0.019a-b

	V4T1
	0.00493cd
	0.0105a-d
	0.015b-f

	V4T2
	0.0045cd
	0.0082d-f
	0.013ef

	V4T3
	0.0058a-d
	0.0088c-f
	0.015c-f

	V4T4
	0.0049cd
	0.0102b-d
	0.015c-f

	V4T5
	0.0053b-d
	0.0096c-f
	0.015c-f

	V5T1
	0.0044d
	0.0081d-f
	0.013ef

	V5T2
	0.0046cd
	0.0081d-f
	0.013ef

	V5T3
	0.0048cd
	0.0082d-f
	0.013d-f

	V5T4
	0.0059a-d
	0.0061f
	0.012f

	V5T5
	0.0054b-d
	0.0083def
	0.014d-f

	SE
	0.0018
	0.0015
	0.0024

	LSD
	0.0036
	0.0031
	0.0048

	CV%
	35.60
	19.11
	35.60



6.4.6 Total Seedling Weight (Root Weight + Shoot Weight)
Table 6.5 shawed a significant variation in total seedling weight of five selected rice varieties during study period. The cultivar BRRI hybrid dhan5 showed better performance in shoot weight (0.021 g) at the levels of 50 ppm (T3) showed the higher growth followed by BRRI hybrid dhan3 at 50 ppm SA. The lowest seedling weight was (0.012 g) observed in cv. Biron dhan under controlled which was statistically similar to 25, 50, 75 and 100 ppm SA.
The present work clearly demonstrated that the five rice varieties such as hybrid, cv. BRRI hybrid dhan3 and cv. BRRI hybrid dhan5, and indigenous cv. Lafaya and cv. Biron dhan displayed distinct variation in cold tolerance during seedling growth stage. Similar observation was revealed by Sarker et al. (2020) that HYV had better potentiality to adapt during cold stress. This reduction in growth might be due to toxicity of the ions or low osmotic potential as well as a decrease in wall extensibility (Grieve et al. 2001; Haplerin and Lynch 2003).

6.4.7 Seedling Survival (%) and Mortality (%)
Among the interaction treatment between rice varieties and salicylic acid under ambient, the survival rate was the highest (91 %) in V2T3 which was statistically significant with V2T4, V2T2 and also V1T3 and V1T4, respectively (Table 6.6). The BRRI hybrid dhan5 with 75 ppm salicylic acid showed the best to avoid cold injury. The lowest (75 %) survival rate was in V5T1, i.e. Biron dhan with no SA treatment.

There was a significant variation observed in seedling mortality rate of different varieties in the present experiment (Figure 6.4). The highest mortality rate (18.7 %) in cv. Biron dhan, an indigenous rice followed by cv. Lafaya (16.6 %). The lowest mortality was (10.07 %) observed in cv. BRRI hybrid dhan5. The BRRI hybrid dhan5 might withstand cold stress and had minimum injury by cold temperature below 15 °C while the indigenous varieties like Biron dhan and Lafaya in the present study was affected most by cold stress. 




Table 6.6 Mean Germination Time, Survival Rate, Mortality Rate and Vigor Index of Five Selected Varieties of Rice Seedlings
	Treatment interaction
	Mean Germination Time (Day)
	% Survival Rate
	% Mortality Rate
	Vigor Index

	V1T1
	3.800d-g
	86.00a-d
	14.00d-g
	18.67b-g

	V1T2
	3.633f-j
	88.67a-c
	11.33e-g
	13.87g

	V1T3
	3.673f-i
	90.00ab
	10.00fg
	14.70fg

	V1T4
	3.500h-l
	90.00ab
	10.00fg
	16.07d-g

	V1T5
	3.617g-k
	87.00a-d
	13.00d-g
	21.17a-d

	V2T1
	3.467h-l
	89.33ab
	10.67fg
	21.00a-d

	V2T2
	3.433i-l
	90.67a
	9.33g
	22.33a-c

	V2T3
	3.370k-m
	91.00a
	9.00g
	23.33ab

	V2T4
	3.150m
	90.33a
	9.67g
	25.00a

	V2T5
	3.333lm
	88.33a-c
	11.67e-g
	22.33a-c

	V3T1
	4.233ab
	82.00c-f
	18.00b-e
	17.83b-g

	V3T2
	3.967c-e
	86.33a-d
	13.67d-g
	18.67b-g

	V3T3
	3.867d-f
	84.67a-e
	15.33c-g
	19.90a-f

	V3T4
	3.467h-l
	86.33a-d
	13.67d-g
	21.67a-d

	V3T5
	3.700f-h
	83bc-f
	17.00b-f
	20.67a-f

	V4T1
	4.367a
	77.67e-g
	22.33a-c
	16.01d-g

	V4T2
	4.033b-d
	80.67d-g
	19.33a-d
	17.07c-g

	V4T3
	3.967c-e
	84.00a-f
	16.00b-g
	18.57b-g

	V4T4
	3.383j-m
	88.333a-c
	11.67e-g
	19.82a-f

	V4T5
	3.767e-g
	86.33a-d
	13.67d-g
	18.70b-g

	V5T1
	4.184a-c
	75.00g
	25.00a
	15.50efg

	V5T2
	4.009b-d
	77.50fg
	22.50ab
	16.46d-g

	V5T3
	3.776efg
	82.50c-f
	17.50b-e
	17.74c-g

	V5T4
	3.334lm
	86.75a-d
	13.25d-g
	19.11b-g

	V5T5
	3.584gh-k
	84.75a-d
	15.25d-g
	18.36b-g

	SE
	0.128
	3.491
	3.491
	2.870

	LSD
	0.257
	7.001
	7.001
	5.757

	% CV
	4.23
	5.00
	29.45
	18.52





                    Figure 6.5 Mortality of Seedlings of Five Rice Cultivars


Figure 6.6 Mortality of Seedling of Five Rice Cultivars under Different Levels of SA
Figure 6.6 showed that a significant variability was among the SA treatment on rice mortality under ambient during cold environment. The mortality of rice seedlings was the lowest in T4 treatment that is 75 ppm salicylic acid treatment and the highest rate was in control i.e., no salicylic acid application. In the present study, T4 showed better performance to counter cold injury among the SA treatment.
Among the interaction treatment between rice varieties and salicylic acid under ambient, the seedling mortality rate was the highest in V5T1 which was statistically similar to V5T2, respectively (Table 6.6).  The BRRI hybrid dhan5 with 25, 50 and 75 ppm salicylic acid showed the best to minimize cold stress. The lowest mortality rate was in V5T1, i.e., controlled SA treatment on Biron dhan.  The present finding showed that hybrid dhan had more potential to stay alive against cold stress than HYV (BRRI dhan28) and indigenous cultivars.

6.4.8 Vigor Index Using Different Levels of SA 
In this study, a significant difference in vigor index was found amongst the seedlings of different varieties. The variability of vigor index in rice seedling has been shown in the following Figure 6.7.

Figure 6.7 Vigor Index of Different Rice Varieties 
The BRRI hybrid dhan5 showed the highest seedling vigor index  among the tested rice cultivars. The lowest vigor index was showen by the BRRI hybrid dhan3.
In this study, there was statistically significant in vigor index was among the seedlings with SA treatments. The variability of vigor index in rice seedling is shown in the following Figure 6.8. Thus, the seedling having more vigor index during low temperature environmental condition is considered as more low temperature tolerate one. In the present study, seedlings treated with SA of T4 (75 ppm) had the highest vigor index 20.33 in the leaves indicating more combating ability against low temperature which was statistically similar with T5 (100 ppm SA) treatment.

                        Figure 6.8 Vigor Index Using Different Levels of SA
The results of the stress tolerance indexes provided information that allowed to select the most tolerant to cold, but vigor index is efficient in the selection of the best percentage of SA treatment to increase the rice tolerance under cold stress, showing that these indexes do not work with minor differences in vigor (Figure 6.8). Some other findings have also found superior performance of the rice seedling, with better growth in relation to the other cultivars tested. However, the use of seedling vigor index provided sufficient data for the selection of the best treatment of salicylic acid treatment for each cultivar, because it is a particular index, taking into account both germination and seedling length, variables which are very responsive to cold stress and conditioning. In the present study, 75 ppm salicylic acid had the highest vigor index while the control showed the lowest. Comparatively salicylic acid treated seedlings showed greater vigor index indicating cold stress tolerant during low temperature. 


 

6.4.9 Antioxidant Enzyme Activities
6.4.10 Superoxide Dismutase (SOD) Enzyme Activities
There was a marked increase in SOD activity in the varieties BRRI dhan28, BRRI hybrid dhan3 and BRRI hybrid dhan5, while in the cultivar-Poshushail and Gochi, there is a visible change in the activity of this enzyme at the most levels in comparing with control (Table 6.7). The present study indicated that SOD activity increased sharply in the tolerant varieties (BRRI hybrid dhan3 and BRRI hybrid dhan5) might be cold tolerant, whereas, there was no visible increase in this enzyme activity in the cultivar (BRRI dhan28, Lafaya and Biron dhan). Sulphosalicylic acid spraying in ambient and 6 °C temperature increased SOD is the key enzyme in the active oxygen scavenger system and considered to be the first line of defense against chilling injury (Hamilton and Heckathorn 2001). The significant increase of SOD activity was observed in both cold hybrid cultivars (BRRI hybrid dhan3 and BRRI hybrid dhan5) suggested that the enzyme may function as a cold scavenger by converting Oxygen to H2O2 (Alscher et al. 2002; Costa et al. 2005). This implied that the tolerance of cv. BRRI hybrid dhan3 and BRRI hybrid dhan5 may be at least partially associated with increased SOD activity. The POD destroy the H2O2 produced by SOD and other reactions (Foyer et al. 1994). In this study, POD activities increased markedly in the varieties (BRRI hybrid dhan3 and BRRI hybrid dhan5), while they reduced in the sensitive one (Biron dhan). This showed that rice seedling plants BRRI hybrid dhan3 and BRRI hybrid dhan5 were more efficient scavenger of H2O2, which may result in better protection against cold.

There was a statistically significant difference observed among the interaction treatment between rice varieties and salicylic acid under both ambient and 6 °C cold environment on SOD and POD. The synthesis of leaf SOD under interaction of rice varieties and salicylic acid treatment was shown in the Table 6.7. Higher amount synthesis of SOD in rice seedlings at ambient temperature environment was observed for all the rice varieties tested in the present study than those of 6 °C temperature cultured rice seedlings. The BRRI hybrid dhan5 seedlings synthesized the highest SOD (139.36 and 103.53 (Unit/mg Protein min-1) followed by BRRI hybrid dhan3 than those of other varieties at the study period under ambient and 6 °C temperature, respectively. As the low temperature imposed at growth chamber the SOD was lower than the seedlings cultured in field condition at ambient temperature. The lowest SOD content was in Lafaya was 72.39 (Unit/mg Protein min-1) under ambient and (59.08 Unit/mg Protein min-1) under 6 °C low temperature environment.

Similarly, in case of POD, V2T4 had the highest at ambient temperature and the V1T5 had the highest under under 6 °C low temperature environment. The lowest POD was 2.20 (Unit/mg Protein min-1) under ambient and 2.04 (Unit/mg Protein min-1) under 6 °C low temperature environment.

Table 6.7 SOD and POD of Five Selected Varieties of Rice Seedlings Under Different Levels of SA
	Treatment
Interaction
	Superoxide Dismutase (SOD)
	Peroxidase (POD)

	
	Ambient
	6 °C
	Ambient
	6 °C

	V1T1
	103.6g
	80.4fg
	3.35f-h
	2.46hi

	V1T2
	109.03f
	89.87c-e
	3.26h
	2.52gh

	V1T3
	116.2de
	94.93bc
	3.29gh
	2.87c-e

	V1T4
	118.06d
	91.71b-d
	3.48d-h
	3.21a

	V1T5
	114.6e
	98.96ab
	3.47d-h
	3.26a

	V2T1
	130.24c
	97.4a-c
	3.54d-f
	2.64fg

	V2T2
	127.78c
	90.1c-e
	3.44e-h
	2.75ef

	V2T3
	136.01b
	96.57a-c
	3.78a-c
	2.92b-d

	V2T4
	137.26ab
	103.17a
	3.92a
	2.98bc

	V2T5
	139.36a
	103.53a
	3.80ab
	3.01b

	V3T1
	75.2op
	61.83ij
	2.51k-m
	2.35i

	V3T2
	82.06lm
	81.25f
	3.50d-g
	2.80de

	V3T3
	84.93kl
	81.19f
	3.51d-f
	3.00b

	V3T4
	87.91i-k
	85.07d-f
	3.57c-e
	3.30a

	V3T5
	99.45h
	90.49c-e
	3.68b-d
	3.26a

	V4T1
	72.39p
	59.08jk
	2.26n
	2.04j

	V4T2
	74.6op
	72.94gh
	2.70jk
	2.41hi

	V4T3
	76.57o
	72.42h
	2.91ij
	2.48hi

	V4T4
	80.78mn
	83.04ef
	2.92ij
	2.52gh

	V4T5
	86.68jk
	68.45hi
	2.98i
	2.42hi

	V5T1
	64.68q
	53.13k
	2.40l-n
	2.09j

	V5T2
	77.6no
	55.93jk
	2.37mn
	2.17j

	V5T3
	91.03i
	68.54hi
	2.54k-m
	2.07j

	V5T4
	88.74ij
	80.42fg
	2.53k-m
	2.35i

	V5T5
	98.74h
	86.53d-f
	2.61kl
	2.45hi

	SE
	1.6087
	3.7468
	0.1082
	0.0669

	LSD
	3.2344
	7.5334
	0.2175
	0.1344

	CV%
	4.31
	8.41
	6.71
	5.70


6.4.11 Peroxidase Enzyme Activities (POD)
The peroxidase enzyme activities were presented in the Table 6.7. POD activity revealed the same trend in cv. BRRI hybrid dhan3 and BRRI hybrid dhan5. Moreover, in the cold sensitive cultivar, POD activities were inhibited, which might have resulted in H2O2 accumulation, which react with (O2) to produce hydroxyl-free radicals (OH-) via the Herbert-Weiss reactions (Elstner 1982; Bowler et al. 1992). The tolerance of some genotypes to environmental stresses has been associated with higher activities of POD. The Sulphosalicylic acid spraying in ambient and 6 oC temperature at different levels increased POD might help in combating cold injury during sudden cold wave in northwest Bangladesh.
6.4.12 Proline Content
Plants have a number of mechanisms to cope with stresses in their environment, which include such physical conditions as water (too much as well as drought), temperature (hot and cold), saline soils and oxygen deprivation, as well coping with biotic stresses such as predators and pathogens. As the exact defense mechanism of rice plants to low temperature stress is still unknown.
There was a significant variation of proline content observed among the rice varieties (Table 6.8). At ambient condition, BRRI hybrid dhan5 produced the highest proline content (4.298 mg g-1 FW) which was statistically similar to Biron dhan while the lowest proline content was in Lafaya plants (2.975 mg g-1 FW) and statistically similar to BRRI dhan 28 and BRRI hybrid dhan3, respectively. At lower temperature of 6 °C, the rice seedling produced the highest proline content by BRRI hybrid dhan5 (13.469 mg g-1 FW) and the lowest was in Lafaya. All the rice varieties produced many times higher proline content during 6 °C cold temperature. Surprisingly, BRRI hybrid dhan5 synthesized almost three times higher proline content which indicated that low temperature stress produced excess proline to combat any cold injury.
Considering the independent effect of SA treatment (Table 6.8), T4 had the highest effect to produce proline (3.8215 mg g-1 FW) in the plumule but the lowest was 2.830 mg g-1 FW in control plants. Similarly, at 6 °C temperature condition, T4 produced the highest proline content (13.728 mg g-1 FW) and the lowest proline content was by control (9.666 mg g-1 FW) (Table 6.6).  
The present finding (Table 6.9) showed that a statistically significant difference was observed among the interaction treatment between rice varieties and salicylic acid under both ambient and 6 °C cold environment. The synthesis of leaf proline under interaction of rice varieties and salicylic acid treatment was shown in the Table 6.9. Higher amount synthesis of proline in rice seedlings at 6 °C low temperature environment was observed for all the rice varieties tested in the present study than those of ambient temperature cultured rice seedlings. The BRRI hybrid dhan5 seedlings synthesized the highest proline content (16.230 mg g-1 FW and 5.033 mg g-1 FW) followed by BRRI hybrid dhan3 than those of other varieties at the study period under 6 °C and ambient temperature, respectively. As the low temperature imposed at growth chamber the proline content was higher than the seedlings cultured in field condition at ambient temperature. The lowest proline content was in Lafaya was 2.359 mg g-1 FW under ambient and (7.817 mg g-1 FW) under 6 °C low temperature environment. Proline is regarded to have multiple roles in stress tolerance in plants. Many plants accumulate free proline in response to the imposition of environmental stresses such as low temperature, drought and high salinity. Amino acids including proline are considered as key factors in metabolism and development of higher plants (Hare et al. 1998, Nanjo et al. 1999). Under environmental stress conditions such as salt, cold, and drought stresses, many hybrid rice seedlings accumulated compatible solutes such as proline which might be a part of cold survival mechanism.








Table 6.8 Proline Synthesis by Rice Seedlings at Ambient and 6 oC Temperature During the Experiment (SA)
	Treatment

	Leaf Proline (mg g-1 FW)

	
	Ambient Temp.
	6 oC Temp.

	Rice Varieties
	
	

	BRRI hybrid dhan3                V1
	3.077b
	10.52bc

	BRRI hybrid dhan5                V2
	4.298a
	13.469a

	BRRI dhan28                         V3
	3.168b
	11.55b

	Lafaya                                   V4
	2.975b
	10.188c

	Biron dhan                             V5
	3.152a
	10.597bc

	SE
	0.2566
	0.545

	LSD
	0.5147
	1.0931

	% CV
	20.95
	14.07

	         
               Salicylic acid

	T1
	2.830c
	9.666c

	T2
	3.112bc
	10.12c

	T3
	3.268bc
	10.717c

	T4
	3.8215a
	13.728a

	T5
	3.637ab
	12.094b

	SE
	0.2657
	0.5642

	LSD
	0.5328
	1.1317

	% CV
	20.95
	14.07














Table 6.9 Proline Synthesis by Rice Seedlings at Ambient and 6 oC Temperature During the Experiment (SA)
	Treatment
interaction
	Leaf Proline (mg g-1 FW)

	
	Ambient Temp.
	6 °C Temp.

	V1T1
	3.079d-g
	9.11g-j

	V1T2
	2.901d-g
	10.616d-i

	V1T3
	2.620efg
	11.332c-h

	V1T4
	3.445b-g
	13.843a-c

	V1T5
	3.339c-g
	12.848b-e

	V2T1
	3.266d-g
	11.309cd-i

	V2T2
	3.980a-d
	12.738b-e

	V2T3
	4.560a-c
	13.122b-d

	V2T4
	5.033a
	16.23a

	V2T5
	4.647ab
	13.943ab

	V3T1
	2.550fg
	9.184g-j

	V3T2
	3.03d-g
	8.91h-j

	V3T3
	3.240d-g
	9.381f-j

	V3T4
	3.673b-f
	13.508bc

	V3T5
	3.347c-g
	11.619b-g

	V4T1
	2.359g
	7.817j

	V4T2
	2.990d-g
	8.897ij

	V4T3
	3.054d-g
	10.521e-i

	V4T4
	3.182d-g
	11.95b-e

	V4T5
	3.292d-g
	11.754b-f

	V5T1
	2.897d-g
	10.909d-i

	V5T2
	2.66efg
	9.44f-j

	V5T3
	2.867d-g
	9.227g-j

	V5T4
	3.775b-e
	13.107b-f

	V5T5
	3.561b-f
	10.303e-i

	SE
	0.528
	1.121

	LSD
	1.059
	2.249

	% CV
	20.95
	14.07



It is evident the rice seedlings tended to accumulate higher leaf proline up to 16.23 mg g-1 FW as the temperature was as low as 6 °C Amongst five varieties, seedlings of hybrid and HYV synthesized the higher proline content most cases. The result suggested that the increase in proline content might be associated with cold tolerance. As the Sulphosalicylic acid applied by spraying, the proline synthesis markedly increased suggesting SA might have protected role during cold stress for the rice seedling. 

6.4.13 Chlorophyll
Chlorophylls are known to be easily degraded by conditions such as dilute acids, heat, light and oxygen (Tonucci and Von-Elbe 1992). At temperatures around 0 °C the enzymes stop working and at very high temperatures the enzymes are denatured. In this study, the prevailing different level of low temperature during the experimental period might be the main cause of lowering and increasing the total chlorophyll level of selected rice varieties. However, the variation of total chlorophyll content of rice seedlings was observed due to the genetical variation among the varieties. 

The decrease in chlorophyll content under cold stress has been considered a typical symptom of oxidative stress and may be the result of pigment photo-oxidation and chlorophyll degradation. The present study indicated that some of the tested varieties produced greater amount chlorophyll-a which was important for survival capability during low temperature (Table 6.10). Sarker et al. (2015) stated that some rice varieties withstood cold stress by increased synthesis of chlorophyll at seedling stage. Among the varieties studied, V2 produced the highest and might have cold tolerant potentiality in the study area. 

6.4.14 Chlorophyll-a Content
Chlorophyll-a is a specific form of chlorophyll used in oxygenic photosynthesis. It absorbs most energy from wavelengths of violet-blue and orange-red light (Peter et al. 2005). In this study, a significant difference in chlorophyll-a content was found among the seedlings of selected rice varieties. The variability of chlorophyll-a content in rice seedling is shown in Table 6.9.






Table 6.10 Chlorophyll-a Synthesis by Rice Seedling at Ambient and 6 oC Temperature

	Treatment
	Leaf Chlorophyll-a (mg g-1 FW)

	
	Ambient Temp.
	6 oC Temp.

	           Variety

	BRRI hybrid dhan3                V1
	12.571bc
	10.192ab

	BRRI hybrid dhan5                V2
	14.316a
	11.046a

	BRRI dhan28                          V3
	13.137b
	9.034c

	Lafaya                                     V4
	12.284bc
	10.057b

	Biron dhan                              V5
	11.565c
	9.93bc

	SE
	0.4716
	0.4938

	LSD
	1.0876
	0.9904

	% CV
	6.52
	6.87

	      
       Salicylic acid

	T1
	10.406d
	9.571b

	T2
	12.145c
	9.92b

	T3
	12.941b
	9.514b

	T4
	14.199a
	10.952a

	T5
	13.175b
	10.301ab

	SE
	0.3076
	0.4813

	LSD
	0.617
	0.9653

	% CV
	6.87
	13.83


In this study, among the varieties, the highest chlorophyll-a content was in BRRI hybrid dhan5 (11.046 mg g-1 FW) followed by BRRI dhan28 and BRRI hybrid dhan3 (Table 6.10). The lowest amount of chlorophyll-a was observed in Biron dhan (11.565 mg g-1 FW), indigenous variety which was statistically similar to Lafaya (12.284 mg g-1 FW) at ambient temperature, respectively. The biosynthesis of chlorophyll-a in BRRI hybrid dhan5 considered the superior among the varieties studied during the experimental period. Similarly, variation in chlorophyll-a content in different rice varieties at low temperature during seedling growth stage was revealed by Sarker et al. 2015; Sarker et al. 2021. 
While low temperature 6 °C was imposed, chlorophyll-a content was decreased. The highest chlorophyll-a content was in BRRI hybrid dhan5 (11.046 mg g-1 FW) which was statistically similar to BRRI hybrid dhan3 (10.192 mg g-1 FW). The lowest amount of chlorophyll-a was observed in BRRI dhan28 (9.034 mg g-1 FW), a HYV which was statistically similar to Biron dhan (9.93 mg g-1 FW) at 6 °C temperature, respectively.
Table 6.10 shows that independent effect of SA treatment had positive effect to produce the chlorophyll-a content of rice seedling. The seedlings of T4 treatment synthesized the highest chlorophyll-a content (14.199 mg g-1 FW and 10.952 mg g-1 FW) at ambient and 6 °C temperature, respectively. The plumule of seedling of control (0 ppm SA) seedlings produced the lowest amount of chlorophyll-a (10.406 mg g-1 FW and 9.571 mg g-1 FW) at ambient temperature.
A statistically significant difference was observed among the SA treatment on rice varieties (interaction) under both ambient and 6 °C cold environment (Table 6.11). The synthesis of leaf chlorophyll-a under interaction of rice varieties and salicylic acid treatment was shown in the Table 3.32. At ambient temperature condition, V2T4 had the highest chlorophyll-a and was 13.429 mg g-1 FW which was statistically similar to V2T5 followed by V1T4. The V3T3 plant produced the lowest chlorophyll-a (8.24 mg g-1 FW) in the present study. During interaction between cultivars and SA, the higher synthesis of chlorophyll-a in rice seedlings at 6 °C low temperature environment was observed for all the rice varieties tested in the present study except control (T1) than those of ambient temperature cultured rice seedlings. At 6 °C temperature V2T4 seedlings synthesized the highest chlorophyll-a content (16.508 mg g-1 FW) followed by V2T3 (14.421 mg g-1 FW), V2T5 (14.262 mg g-1 FW), and V3T4 (14.218 mg g-1 FW), respectively. Likely ambient environment, the lowest chlorophyll-a was 9.539 mg g-1 FW in control seedling at 6 °C low temperature environment. As the low temperature imposed at growth chamber the chlorophyll-a was higher than the seedlings cultured in field condition at ambient temperature. 










Table 6.11 Chlorophyll-a Synthesis by Rice Seedling at Ambient and 6 oC Temperature

	Treatment
Interaction
	 Leaf Chlorophyll-a (mg g-1 FW)


	
	 Ambient Temp.
	 6 °C Temp.


	V1T1
	9.638c-e
	9.539k

	V1T2
	9.954c-e
	12.293f-h

	V1T3
	10.146c-e
	12.924c-g

	V1T4
	11.179bc
	13.758b-e

	V1T5
	10.041c-e
	13.315b-f

	V2T1
	9.531c-e
	12.351e-h

	V2T2
	9.093c-e
	13.383b-f

	V2T3
	10.63b-d
	14.421b

	V2T4
	13.429a
	16.508a

	V2T5
	12.548ab
	14.262bc

	V3T1
	8.857de
	10.848i-k

	V3T2
	9.380c-e
	12.893c-g

	V3T3
	8.24e
	13.09b-g

	V3T4
	9.364c-e
	14.218bc

	V3T5
	9.328c-e
	13.53b-f

	V4T1
	9.936c-e
	9.802jk

	V4T2
	10.649b-d
	11.099hi

	V4T3
	9.153cde
	12.46e-g

	V4T4
	10.484b-d
	14.089b-d

	V4T5
	10.062c-e
	12.893d-g

	V5T1
	9.895c-e
	9.492k

	V5T2
	10.525b-d
	11.06h-j

	V5T3
	9.400c-e
	11.809g-i

	V5T4
	10.305c-e
	12.422e-h

	V5T5
	9.525c-e
	11.877g-i

	SE
	1.104
	0.706

	LSD
	2.215
	1.416

	% CV
	13.83
	6.87



Low temperature is an environmental signal that regulates the metabolic changes in the entire Chlorophyll synthesizing pathway. Prolonged low temperature may block the entire pathway of chlorophyll-a synthesis. Thus, the cultivar having more chlorophyll content during low temperature environmental condition is considered as more low temperature tolerant due to their higher photosynthesis ability. In the present study, BRRI hybrid dhan28 rice seedlings might have potentiality to withstand low temperature for their survival at 75 ppm SA (T4) treatment.
6.4.15 Chlorophyll-b Content
Table 6.12 shows the chlorophyll-b content in seedling leaves under low temperature environment in the study area. Chlorophyll-b absorbs energy from wavelengths of green light at 640 nm. It is the accessory pigment that collects energy and passes it on to chlorophyll-a. In this research work, the highest chlorophyll-b content was in BRRI dhan28 (3.409 mg g-1) and the lowest was observed in Lafaya (2.981 mg g-1) at ambient temperature. Likewise, chlorophyll-a, the BRRI hybrid dhan5 rice seedlings showed the superior due to higher chlorophyll-b synthesis during cold environment in the present study and it seemed to be attributed by genetically. Similar observation was also obtained by Haque 2012; Sarker et al. 2015.

Table 6.12 Leaf Chlorophyll-b Synthesis by Rice Seedlings at Ambient and 6 oC Temperature During the Experiment
	         Treatment
	 Leaf Chlorophyll-b (mg g-1 FW) 

	 
	 Ambient Temp.
	 6 °C Temp.

	         Rice variety

	BRRI hybrid dhan3                V1
	3.621a
	2.997a

	BRRI hybrid dhan5                V2
	3.247ab
	2.696a

	BRRI dhan28                         V3
	3.409a
	2.854a

	Lafaya                                    V4
	2.981b
	2.473b

	Biron dhan                             V5
	3.329ab
	2.764ab

	SE
	0.188
	0.1698

	LSD
	0.378
	0.3405

	% CV
	15.65
	17.91

	  
Sulphosalicylic acid

	T1
	3.106ns
	5.871bc

	T2
	3.301ns
	6.601a

	T3
	3.299ns
	5.601c

	T4
	3.462ns
	6.48ab

	T5
	3.419ns
	6.243a-c

	SE
	0.1949
	0.3332

	LSD
	0.3909
	0.6684

	% CV
	13.83
	15.2




Table 6.13 Leaf Chlorophyll-b Synthesis by Rice Seedlings at Ambient and 6 oC Temperature During the Experiment
	Treatment
Interaction
	 Leaf Chlorophyll-b (mg g-1 FW)


	
	 Ambient Temperature
	 6 °C Temperature


	V1T1
	3.404a-c
	6.525a-c

	V1T2
	3.677ab
	6.398a-d

	V1T3
	3.557a-c
	5.694b-d

	V1T4
	3.684ab
	7.190ab

	V1T5
	3.785a
	5.637cd

	V2T1
	2.850bc
	5.406cd

	V2T2
	2.875bc
	5.738b-d

	V2T3
	3.238a-c
	5.783b-d

	V2T4
	3.536a-c
	6.157a-d

	V2T5
	3.736ab
	6.057a-d

	V3T1
	3.34a-c
	5.441cd

	V3T2
	3.590a-c
	6.247a-d

	V3T3
	3.492a-c
	5.403cd

	V3T4
	3.359a-c
	6.407a-d

	V3T5
	3.265a-c
	6.364a-d

	V4T1
	2.910bc
	6.170a-d

	V4T2
	3.225a-c
	7.416a

	V4T3
	2.993a-c
	4.944d

	V4T4
	2.950a-c
	6.272a-d

	V4T5
	2.826c
	6.462a-c

	V5T1
	3.024a-c
	5.811b-d

	V5T2
	3.139a-c
	7.205ab

	V5T3
	3.217a-c
	6.180a-d

	V5T4
	3.781a
	6.374a-d

	V5T5
	3.484a-c
	6.694a-c

	SE
	0.387
	0.765

	LSD
	0.777
	1.533

	% CV
	15.65
	17.91




6.4.16 Total Carotenoid Content
Carotenoid synthesis shows a sensitivity to both high and low temperatures (Harding 1974). In this study, a significant difference in carotenoid content was found among the seedlings of selected rice varieties during the study period (Table 6.14). The overall study showed that the highest carotenoid content was happen in BRRI hybrid dhan3 (3.839 mg g-1 FW) and lowest value was observed in Lafaya (3.349 mg g-1 FW) at ambient temperature, respectively. The total carotenoid content presented in Table 6.13 was statistically variable which seems to be attributed by genetical make up. The carotenoid content was decreased as the low temperature of 6 °C was imposed in the present study. The highest carotenoid content in leaves was in Biron dhan (2.964 mgg-1 FW) at 6 °C temperature condition and it was statistically similar to BRRI hybrid dhan5. The lowest was in BRRI hybrid dhan3 and BRRI hybrid dhan5 and both were statistically similar.

Table 6.14 Total Carotenoid Synthesis by Rice Seedlings at Ambient and 6 oC Temperature During the Experiment
	Treatment
	Total Carotenoid Content
(mg g-1 FW)

	Variety
	Ambient Temp.
	6 oC Temp.

	BRRI hybrid dhan3                V1
	3.839a
	2.448b

	BRRI hybrid dhan5                V2
	3.510b
	2.510b

	BRRI dhan28                         V3
	3.677ab
	2.838a

	Lafaya                                    V4
	3.349b
	2.819a

	Biron dhan                             V5
	3.642ab
	2.964a

	SE
	0.2374
	0.1589

	LSD
	0.4762
	0.3187

	% CV
	18.59
	24.39

	                   Salicylic acid

	T1
	3.715ns
	2.903a

	T2
	3.473ns
	2.621ab

	T3
	3.850a
	2.815ab

	T4
	3.366ns
	2.509b

	T5
	3.611ns
	2.730ab

	SE
	0.2458
	0.1548

	LSD
	0.493
	0.3106

	% CV
	18.59
	24.39







Table 6.15 Total Carotenoid Content in Different Rice Varieties at Ambient and 6 oC Temperature
	Treatment
	Total Carotenoid Content
(mg g-1 FW)

	
	Ambient Temp.
	6 oC Temp.


	Interaction

	V1T1
	3.839a-c
	4.876a-e

	V1T2
	3.919a-c
	4.136b-e

	V1T3
	3.939a-c
	4.919a-e

	V1T4
	3.539a-c
	4.743a-e

	V1T5
	3.957a-c
	5.278a-c

	V2T1
	3.801a-c
	4.817a-e

	V2T2
	3.890a-c
	4.047b-e

	V2T3
	3.613a-c
	4.429b-e

	V2T4
	2.882c
	4.032b-e

	V2T5
	3.364a-c
	4.498a-e

	V3T1
	4.231a
	5.435ab

	V3T2
	3.030bc
	3.642e

	V3T3
	3.613a-c
	4.956a-e

	V3T4
	3.530a-c
	4.465a-e

	V3T5
	3.98a-c
	4.764a-e

	V4T1
	3.327a-c
	4.178b-e

	V4T2
	3.150bc
	3.624e

	V4T3
	4.020ab
	5.828a

	V4T4
	3.150bc
	3.801de

	V4T5
	3.096bc
	3.993c-e

	V5T1
	3.378a-c
	4.222b-e

	V5T2
	3.378a-c
	3.716de

	V5T3
	4.066ab
	5.163a-d

	V5T4
	3.729abc
	4.327b-e

	V5T5
	3.661a-c
	4.283b-e

	SE
	0.4884
	0.6418

	LSD
	0.9795
	1.2874

	% CV
	18.59
	20.23



However, total carotenoids have additional roles and partially help the plants to withstand adversaries of drought (Farooq et al. 2009b) and cold stress (Sarker et al. 2015). 
Table 6.15 indicated that during interaction between rice cultivars and SA concentration, the higher synthesis of carotenoids in rice seedlings at ambient and 6 oC low temperature environment was observed and variability was prominent in both cases. The V3T1 seedlings synthesized the highest carotenoid content (4.231 mg g-1 FW) followed by V5T3 (4.066 mg g-1 FW), and V3T5 (3.98 mg g-1 FW) respectively. The lowest carotenoid content was in V2T4 at ambient temperature. 
Likewise ambient environment, the highest carotenoid content was 5.828 mg g-1 FW in V4T3 seedling at 6 oC low temperature environment and the lowest content was in V4T2 (3.62 mg g-1 FW). As the low temperature imposed at growth chamber the carotenoid content was increased due to cold injury but BRRI hybrid dhan showed relatively lower carotenoid content and might be survive and continued to photosynthesize during cold environment. 

6.4.17 Chlorophyll a/b Ratio
In this study, a significant difference in chlorophyll-a/b ratio was found among the seedlings of selected rice varieties during the experiment at low temperature. The variation of chlorophyll-a/b content is shown in Table 6.14.
At 14 DAS when the day of ambient temperature was around 15 °C, the highest chlorophyll-a/b ratio was found in BRRI dhan28 (3.515) while the lowest value was observed in BRRI hybrid dhan (2.828). At 14 DAS with air temperature of 6 °C, the BRRI hybrid dhan5 variety also had highest chlorophyll-a/b (2.445) and the lowest chlorophyll-a/b value was observed in Biron dhan (1.814). The chlorophyll-a/b ratio of all varieties were statistically different.
SA application had no significant effect on chlorophyll-a/b ratio and there no statistical difference among the SA treatment at ambient but at 6 oC (Table 6.16).




Table 6.16 Chlorophyll a/b Ratio by Rice Seedlings at Ambient and 6 oC Temperature During the Experiment
	Treatment
	Leaf Chlorophyll-a/b

	
	Ambient Temp.
	6 oC Temp.

	          Variety

	BRRI hybrid dhan3                V1
	2.828c
	2.035bc

	BRRI hybrid dhan5                V2
	3.405ab
	2.445a

	BRRI dhan28                         V3
	2.664c
	2.247ab

	Lafaya                                   V4
	3.515a
	1.962c

	Biron dhan                             V5
	3.026bc
	1.814c

	SE
	0.3872
	0.1312

	LSD
	0.7766
	0.2632

	% CV
	17.44
	17.11

	    
    Salicylic acid

	T1
	3.126ns
	3.179ns

	T2
	3.058ns
	3.051ns

	T3
	2.935ns
	2.932ns

	T4
	3.233ns
	3.222ns

	T5
	3.084ns
	3.071ns

	SE
	0.2037
	0.2295

	LSD
	0.4085
	0.4602

	% CV
	17.44
	20.86



Interaction between rice cultivars and SA concentration, the higher ratio of chlorophyll-a/b in rice seedlings at ambient and 6 oC temperature environment has shown in Table 6.16 and was significantly variable in both cases. The V2T4 seedlings synthesized the highest chlorophyll-a/b (3.989) followed by V5T3 (2.719) at both environment condition, respectively. The lowest chlorophyll-a/b was 2.424 in V3T3 at ambient temperature. 
Likewise ambient environment, the lowest chlorophyll-a/b was 1.472 in V1T1 seedling at 6 oC low temperature environment (Table 6.17). As the low temperature imposed at growth chamber the ratio was increased due to cold injury but BRRI hybrid dhan showed relatively higher ratio and might be beneficial for solar energy absorption and make more potential to survive during cold stress.
Table 6.17 Chlorophyll a/b Ratio by Rice Seedlings at Ambient and 6 oC Temperature During the Experiment
	Treatment
	Leaf Chlorophyll-a/b

	
	Ambient Temp.
	6 oC Temp.


	V1T1
	3.006a-e
	1.472f

	V1T2
	2.762b-e
	1.947b-f

	V1T3
	2.875b-e
	2.326a-c

	V1T4
	3.144a-e
	1.992b-f

	V1T5
	2.688b-e
	2.437a-c

	V2T1
	3.539a-d
	2.305a-c

	V2T2
	3.326a-d
	2.358a-c

	V2T3
	3.437a-e
	2.494ab

	V2T4
	3.989a
	2.719a

	V2T5
	3.582a-d
	2.350a-c

	V3T1
	2.678b-e
	2.005b-f

	V3T2
	2.557de
	2.071a-d

	V3T3
	2.424e
	2.689a

	V3T4
	2.815b-e
	2.289a-c

	V3T5
	2.857b-e
	2.183b-e

	V4T1
	3.494a-d
	1.620ef

	V4T2
	3.375a-e
	1.527ef

	V4T3
	3.1856a-e
	2.337a-c

	V4T4
	3.625ab
	2.313a-c

	V4T5
	3.592ab
	2.011b-f

	V5T1
	3.177a-e
	1.642d-f

	V5T2
	3.234a-e
	1.577ef

	V5T3
	2.736b-e
	1.916b-f

	V5T4
	2.536de
	2.054b-f

	V5T5
	2.634c-e
	1.879d-f

	SE
	0.4046
	0.2934

	LSD
	0.8116
	0.5886

	% CV
	17.44
	15.20



6.4.18 Total Chlorophyll
There was a significant difference was found in total chlorophyll content among the rice cultivars and SA treatments during ambient and cold stress (6 oC) temperature condition (Table 6.18 and Table 6.19). In this study, among the varieties, the highest total chlorophyll content was in BRRI hybrid dhan5 (14.293 mg g-1 FW and 20.013 mg g-1 FW) at ambient and 6 oC temperature followed by BRRI hybrid dhan3 (13.813). The lowest amount of total chlorophyll content was observed in BRRI dhan28 (12.443 mg g-1 FW) and Biron dhan (17.785 mg g-1 FW) at ambient and 6 oC temperature, respectively. The biosynthesis of total chlorophyll content a in BRRI hybrid dhan5 considered the superior among the varieties studied during the experimental period. Similarly, variation in total chlorophyll content in different rice varieties at low temperature during seedling growth stage was revealed by Sarker et al. 2015; Sarker et al. 2021. 
Table 6.18 shows that independent effect of SA treatment had positive effect to produce the total chlorophyll content of rice seedling. The seedlings of T4 treatment synthesized the highest total chlorophyll content (14.414 mg g-1 FW) in rice seedlings under ambient temperature and 20.679 mg g-1 FW was produced under 6 oC low temperature, respectively. A statistically significant difference was observed among the SA treatment on rice varieties (interaction) under both ambient and 6 oC cold environment (Table 6.18). The synthesis of leaf total chlorophyll content under interaction of rice varieties and salicylic acid treatment was shown in the Table 6.18.  At ambient temperature condition, V2T4 had the highest total chlorophyll content and was 16.97 mgg-1 FW which was statistically similar to V2T5 followed by V1T4. The V3T3 plant produced the lowest total chlorophyll (11.732 mg g-1 FW) in the present study under ambient.







Table 6.18 Total Leaf Chlorophyll by Rice Seedlings at Ambient and 6 oC Temperature During the Experiment
	Treatment
	      Total leaf Chlorophyll

	
	               Ambient Temp.
	
         6 oC Temp.


	         Variety


	BRRI hybrid dhan3                V1
	13.813ab
	18.654b

	BRRI hybrid dhan5                V2
	14.293a
	20.013a

	BRRI dhan28                         V3
	12.443c
	18.796b

	Lafaya                                   V4
	13.037bc
	18.413bc

	Biron dhan                             V5
	13.259abc
	17.785c

	SE
	0.5623
	0.4302

	LSD
	1.1278
	0.8629

	% CV
	12.47
	6.29

	     
    Salicylic acid

	T1
	12.677b
	16.277d

	T2
	13.221b
	18.747bc

	T3
	12.813b
	18.541c

	T4
	14.414a
	20.679a

	T5
	13.72ab
	19.418b

	SE
	0.5821
	0.4193

	LSD
	1.1676
	0.8411

	% CV
	12.47
	6.29


During interaction between cultivars and SA, the higher synthesis of total chlorophyll in rice seedlings at 6 oC low temperature environment was observed for all the rice varieties tested in the present study except control than those of ambient temperature cultured rice seedlings (Table 6.19). The V2T4 seedlings synthesized the highest total chlorophyll content (22.665 mg g-1 FW) followed by V1T4 (20.947 mg g-1 FW). Likely ambient environment, the lowest total chlorophyll (15.303 mg g-1 FW) in control seedling at 6 °C low temperature environment in Biron dhan. As the low temperature (6 oC) imposed at growth chamber the total chlorophyll was higher than the seedlings cultured in field condition at ambient temperature. 

Table 6.19 Total Chlorophyll by Rice Seedlings at Ambient and 6 oC Temperature During the Experiment
	Treatment
	      Total leaf Chlorophyll

	
	Ambient Temp.
	
6 oC Temp.


	V1T1
	13.042cd
	16.063i-k

	V1T2
	13.631b-d
	18.691d-g

	V1T3
	13.703b-d
	18.618d-g

	V1T4
	14.863a-c
	20.947ab

	V1T5
	13.826b-d
	18.952cd-g

	V2T1
	[bookmark: _GoBack]12.381cd
	17.757g-j

	V2T2
	11.968d
	19.121b-g

	V2T3
	13.868b-d
	20.204b-e

	V2T4
	16.97a
	22.665a

	V2T5
	16.28ab
	20.319b-e

	V3T1
	12.198cd
	16.289h-k

	V3T2
	12.97cd
	19.14b-g

	V3T3
	11.732d
	18.034f-h

	V3T4
	12.723cd
	20.626-c

	V3T5
	12.593cd
	19.893b-f

	V4T1
	12.846cd
	15.972jk

	V4T2
	13.873b-d
	18.515e-g

	V4T3
	12.146d
	17.863f-i

	V4T4
	13.433cd
	20.361b-d

	V4T5
	12.888cd
	19.355b-g

	V5T1
	12.918cd
	15.303k

	V5T2
	13.664b-d
	18.265fg

	V5T3
	12.617cd
	17.989f-i

	V5T4
	14.086b-d
	18.796c-g

	V5T5
	13.008cd
	18.57d-g

	SE
	1.1565
	0.962

	LSD
	2.3197
	1.9296

	% CV
	12.47
	6.29






6.5. Summary and Conclusion


Field and Laboratory research work were simultaneously conducted at the research field and research Laboratory of the Department of Agricultural Chemistry, Hajee Mohammad Danesh Science and Technology University, Dinajpur, Bangladesh during the period of November, 2019 to January, 2020. The combining responses of Boro rice (Five cultivars, V1: BRRI hybrid dhan3; V2: BRRI hybrid dhan5; V3: BRRI dhan28; V4: Lafaiya; V5: Biron dhan) to low temperature stress and Salicylic acid (SA) five levels: (Where T1 = 0 ppm SA, T2 = 25 ppm SA, T3 = 50 ppm SA, T4 = 75 ppm SA and T5 = 100 ppm) spraying on seedling stage was studied comprehensively in order to screen out low temperature stress tolerant Boro rice seedlings for challenging upcoming rice production in Northwest Bangladesh. The experimental period was characterized by prevailing low environmental temperature of below 15 °C (Ambient) and 6 °C (cold stress) was maintained at growth chamber for biochemical analysis. 

The root and shoot length were variable during the experiment period. The V2 (BRRI hybrid dha5) and V3 (BRRI dhan28) rice cultivars showed better performance relatively at low temperature (below 15 °C) during the early growth period and the performance of V2 had the highest applying 50ppm SA. Similar finding was for seedling root and shoot weight. The highest total seedling weight was in cv. BRRI hybrid dhan5 and the lowest seedling weight was in cv. Lafaya while spraying 25 ppm SA. Surprisingly, the seedling growth was increased in hybrid cultivars at 21 DAS. It was found that the growth rate of shoot length was increased with increasing temperature and time. The variation among the varieties might be due to their genetical make up. 

However, the growth of both shoots and root irrespective with length and weight was decreased with decreasing temperature and vice-versa but SA application improved the seedling growth. A significant impact of low temperature on total seedling dry matter was found during the experimental period. Cold temperature reduced the root and shoot growth but Sulphosalicylic acid altered the negative effect. The highest seedling survival (%) was by cv. BRRI hybrid dhan (90%) at 50 and/or 75 ppm SA, in the present study. The lowest seedling survival (%) was in cv. Biron dhan (75 %). The cultivar having highest seedling survival percentage is more resistance to low temperature stress than other varieties. The seedling mortality was just opposite to seedling survival which was the most important index for cold stress in the present study. The BRRI hybrid dhan5 showed the highest seedling vigor index  among the tested rice cultivars. In the present study, seedlings treated with SA of T4 (75 ppm) had the highest seedling vigor index (20.33) indicating more combating ability against low temperature stress.

Exogenous application of salicylic acid increased the dry matter production and antioxidant enzyme activities SOD and POD during ambient and 6 oC temperature for seedling. The present study indicated that SOD activity increased sharply in the tolerant varieties (BRRI hybrid dhan3 and BRRI hybrid dhan5) might be cold tolerant, whereas, there was no visible increase in this enzyme activity in the cultivar (BRRI dhan28, Lafaya and Biron dhan). It is evident that low temperature effectively enhanced the proline accumulation under chilling stress conditions. SA application positive increased the synthesis of proline in the rice cultivars while BRRI hybrid dhan5 showed better adjustment. Independent effect of SA treatment had positive effect to produce the chlorophyll-a content of rice seedling. The seedlings spraying with 75 ppm SA synthesized the highest chlorophyll-a content (14.199 mg g-1 FW), respectively.  The plumule of seedling of control seedlings produced the lowest amount of chlorophyll-a (10.406 mg g-1 FW) at ambient temperature. Higher amount of chlorophyll-a and chlorophyll-b synthesis helped for survival during low temperature environment that is important mechanism involved in increasing cold tolerance by continuing photosynthesis. 
To the conclude, cold sensitivity of the tested hybrid and HYV rice varieties was related to the greater synthesis of proline content, chlorophyll content in seedlings. Among the tested rice varieties, BRRI hybrid dhan5 and BRRI hybrid dhan3 showed better adapted for cold tolerant mechanism at seedling stage based on over-synthesis of proline, higher content of chlorophylls and increased antioxidant enzyme activities SOD and POD resulted in better seedling length and weight, higher seedling survival (%) and lower mortality rate with greater seedling vigor index. 
Cold environment suppressed the growth, chlorophyll production and antioxidant activities but important is that exogenous application of Sulphosalicylic acid at different levels on seedling positively enhanced the survival percentage with higher seedling vigor index and antioxidant enzyme activities. Accordingly, it may be ranked the five rice cultivars in order from most to least tolerant; BRRI hybrid dhan5> BRRI hybrid dhan3> BRRI dhan28> Lafaya> Biron dhan. It is concluded that Sulphosalicylic acid may be used for combating cold stress during seedling raising in Northwest Bangladesh.
CHAPTER IV
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APPENDIX

 Weather data of December 2017 and January 2018 (Experimental period) in Dinajpur

	Date
(2017)
	Minimum temp.
	Maximum temp.
	Relative Humidity
	Rainfall

	
	oC
	oC
	%
	mm

	1-December
	12.7
	29.8
	82
	0

	2-December
	12.9
	28.5
	82
	0

	3-December
	13.2
	28.5
	82
	0

	4-December
	13.2
	27.9
	83
	0

	5-December
	12.4
	28
	82
	0

	6-December
	12.5
	29
	82
	0

	7-December
	13.6
	29.6
	81
	0

	8-December
	14.1
	30.4
	79
	0

	9-December
	14.2
	28.4
	82
	0

	10-December
	19.1
	28.2
	88
	0

	11-December
	16.8
	31.3
	79
	0

	12-December
	15.7
	29.5
	82
	0

	13-December
	14.5
	28
	83
	0

	14-December
	13.9
	27.3
	79
	0

	15-December
	11
	26.7
	83
	0

	16-December
	12.1
	25.6
	90
	0

	17-December
	12
	22.2
	87
	0

	18-December
	14
	19.3
	88
	0

	19-December
	13.8
	24.4
	84
	0

	20-December
	12
	28.9
	84
	0

	21-December
	13
	29.7
	83
	0

	22-December
	13.4
	30
	83
	0

	23-December
	13.2
	25.8
	90
	0

	24-December
	12.6
	28.1
	88
	0

	25-December
	12.8
	29.1
	86
	0

	26-December
	13.2
	26.9
	83
	0

	27-December
	11.4
	23.4
	92
	0

	28-December
	11.8
	27
	90
	0

	29-December
	12.5
	29.5
	86
	0

	30-December
	12.1
	29.4
	82
	0

	31-December
	11.4
	30.2
	80
	0

	        Average 
	13.3
	27.8
	85
	0







	Date
(2018)
	Minimum Temp.
	Maximum Temp.
	Relative Humidity
	Rainfall

	
	oC
	oC
	%
	mm

	1-January
	13.4
	25.0
	86
	0

	2-January
	12.0
	22.5
	89
	0

	3-January
	9.0
	20.9
	85
	0

	4-January
	9.0
	21.3
	87
	0

	5-January
	8.4
	21.9
	91
	0

	6-January
	6.4
	16.0
	91
	0

	7-January
	5.5
	11.3
	93
	0

	8-January
	4.5
	20.0
	88
	0

	9-January
	6.1
	22.3
	84
	0

	10-January
	8.7
	19.8
	94
	0

	11-January
	8.6
	16.0
	93
	0

	12-January
	7.0
	14.5
	90
	0

	13-January
	8.0
	17.7
	86
	0

	14-January
	8.8
	17.9
	86
	0

	15-January
	8.5
	18.2
	85
	0

	16-January
	8.9
	20.0
	92
	0

	17-January
	10.9
	20.2
	88
	0

	18-January
	10.4
	22.3
	86
	0

	19-January
	10.5
	20.3
	89
	0

	20-January
	9.5
	24.8
	91
	0

	21-January
	9.4
	21.1
	91
	0

	22-January
	11.5
	23.8
	93
	0

	23-January
	10.9
	23.8
	86
	0

	24-January
	9.4
	25.3
	86
	0

	25-January
	11.2
	25.0
	80
	0

	26-January
	9.4
	24.0
	76
	0

	27-January
	11.0
	24.0
	74
	0

	28-January
	12.0
	25.0
	74
	0

	29-January
	12.0
	23.0
	75
	0

	30-January
	13.0
	25.0
	71
	0

	31-January
	15.0
	24.0
	70
	0

	Average
	9.64
	21.19
	85.48
	0.00






Germination%	
V1	V2	V3	V4	V5	88.332999999999998	89.933000000000007	84.466999999999999	83.4	81.296999999999997	Rice varieties

% Germination)


Germination%	
T1	T2	T3	T4	T5	81.998999999999995	84.766000000000005	86.433000000000007	88.349000000000004	85.882999999999996	Salicylic acid concentration

% Germination


Mean Germination Time (Day)	
V1	V2	V3	V4	V5	3.645	3.351	3.847	3.903	3.7770000000000001	Rice varieties

Mean germination time (Day)


Mean Germination Time (Day)	
T1	T2	T3	T4	T5	4.01	3.8149999999999999	3.7309999999999999	3.367	3.6	Salicylic acid

Mean germination time (Day)


Mortality%	
V1	V2	V3	V4	V5	11.67	10.07	15.53	16.600000000000001	18.7	Rice Varieties

% Mortality


Mortality%	
T1	T2	T3	T4	T5	18	15.23	13.57	11.65	14.12	Concetration of Salicylic Acid

% Mortality


Vigor Index	
V1	V2	V3	V4	V5	16.89	22.8	19.75	18.04	17.43	Rice varieties

Seedling vigor index


Vigor Index	
T1	T2	T3	T4	T5	17.8	17.670000000000002	18.850000000000001	20.329999999999998	20.25	Salicylic acid treatment

Seedling vigor index
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