A Review: Effect of Morpho-Physiological and Biochemical Attributes of Oryza sativa L.underDrought stress
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Abstract

Drought is one the most widely spreading problem to the crops in the world causing reduction in the yield. Rice is one of the most important food crops in the world as it provides food for more than half of the world population. Rice requires more water for the growth. Drought stress is a serious challenge to the rice as it disturbs the morphology, physiology and biochemical attributes of the plant. Water stress causes reduction in the plant growth and development resulting in the reduced height of plant, leaf number, leaf area, shoots and root weight (dry and fresh). Yield of the crop is also affected by the drought. Root of the rice plants are not affected by the drought. 
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Introduction: 
Food supply in the world challenged by higher food requirements and in danger by reduction in water source. Themain dependence of Pakistan economy depend upon agriculture among the major crop rice is a dominant crop. The main stay of Pakistan’s economy is based on agriculture. Drought stress is one the major problems for rice. It affects the humans by causing reduction in the yield of rice. Rice is an important food for more than half population of the world [1]. As rice is a major source of food in the world so it low yield causes drastic effects on the human beings. Rice needs to be highly irrigated so water deficits cause reduction in the plant growth which leads to the reduction in yield [2]. Many studies also show that some of the major crops are affected by the unfavorable conditions like salinity and drought [3]. Land area affected by drought has increases very rapidly during 1970s to 2000 in the world [4]. In Asia, 23 million hectare of rice area is estimated to be facing frequent droughts and resulting in the huge losses [5]. In the area, where rainfall is low, drought stress is very serious issues as it damages the plants on the seedling stage [6]. It is estimated that 50% of the world rice production is affected more or less by drought [7].
In this review effect of drought stress on the morphology, physiology and biochemical characteristics of rice are discusses. 

Morphological Attributes

Morphological attributes include plant height, root and shoot lengths, root and shoot weight (dry and fresh), Leaf area and leaf area per plant. All these are affected by drought stress.

Plant Height: 
Plant height reduces significantly with increase in the severity of drought conditions. This reduction in the height may be a result of inhibition of cell elongation or cell division by severe drought stress [8]. Drought causes impaired germination and poor establishment of plant [9]. Cell growth is one the most important process that is sensitive to the drought. It reduces due to decreases in turgor pressure. Growth results from production of daughter cells from meristematic cells division and the expansion of young cells. Under severe conditions of drought, cell division can be inhibited by interruption of water flow from xylem to elongating cells [10]. Reduced cell elongation reduces growth and yield [11]. 

Root:

Generally when plant faces water stress the root: shoot ratio of plant increases. It is due to the fact that root are less affected by the low water availability than shoot [12]. In case of rice, root length is not much affected [1]. Growth in the root was affected to somehow lesser extent by drought stress in wheat and maize as reported by Sacks et al [13].
Shoot:

A very common and damaging effect of drought stress on crop plants is reduction in the fresh and dry weight [14] [15]. Drought causes decrease in the number of leaves per plant, individual leaf size and longevity of leaves. Expansion in the leaf area depends upon the turgor pressure, temperature and sufficient supply of nutrients for growth [16]. Reduced leaf area under water stress is damaging because it leads to reduction in nutrient uptake due to reduced transpiration [17].
Yield:

Yield of the crop decreases drastically due to the water stress [18]. Reduction in the yield due to drought can be due to closing of stomata in response to low water availability, which decreases the rate of photosynthesis as there is no intake of CO2[19-20].If drought occurs at the time of flowering, this could lead to the complete loss of the crop yield [21]. If drought conditions prevail, it reduces the plant growth and development that leads to the production of hampered flowers and thus fewer and smaller grains [22].

Biochemical Attributes under water
stress

It includes total carbohydrates, protein and amino acids.

Carbohydrates: It includes glucose, sucrose and fructose and maltose etc. carbohydrates are very important for plants especially in photosynthesis.

Protein: Protein is also important for plants.

Amino acids: The key amino acids contain alanine, arginine, glycine, serine, leucine, and valine, along with the imino acid, proline, and the non-protein amino acids.

Carbohydrates:

Sucrose is the main unchanging product of photosynthesis for several plants, and it is the form in which most of the carbon is conveyed in phloem vessels from photosynthetic tissues to non-photosynthetic tissues such as roots, grains, fruits, and tubers by Chris et al.[23] and  Rees in 1984[24]. Sucrose accumulates in most plant tissues. Sucrose is necessary if the plant is able to respond effectively to the environmental stresses like low temperatures by Guy 1990[25] water (H2O) by Morgan in1984 [26], Quick et al.[27] and Ramos et al.[28], and salinity by Balibrea et al.[29] However, sucrose can also act as a regulator, carbohydrate store, and substrate for biosyn-thesis and is temporarily preserved in the leaves as a buffer for plants by Chris et al.[23]. In young leaves the soluble sugar is more than old leaves.Soluble carbohydrates are increased in drought condition but it is less than those plants that have excess water. The accumulation of sugars in plants under drought stress was well documented by Izanloo et al. [30] having same result in wheat case. In  arid  condition  where  water  is  limited  and  dry  land  agricultural is necessary, Zayandeh_Rood could be selected as a tolerance cultivar to water shortage by A. Mostajeran and V. Rahimi-Eichi  in  2009[31]. A complex essential role of sugar in plant metabolism is to maintain the product of hydrolytic processes, substrates in biosynthesis processes, energy production but also in a signaling system recently it was concluded that under drought stress a sugar flux may be a signal for metabolic regulation by Kishor, P.B.K. et al [32].

Resistant varieties:Zayandeh_Rood. [31]
Protein 

Quite a lot of salt-induced proteins have been identiﬁed in plants species and have been classiﬁed into two different groups by M.M.F. Mansour, W.J. Hurkman et al, A. Pareek et al, G. Ali et al [33-36] salt stress proteins, which accumulate only due to salt stress, and stress associated proteins, which also accumulate in response to heat, cold, drought, water-logging, and high and low mineral nutrients. Under water stress condition the salinity of the soil is also increase and when soil salinity increase the salt stress protein are formed in the plants. Proteins that store in plants grown-up under saline conditions maybe responsible for a storage form of nitrogen that is re-utilized whenstress is ended by N.K. Singhet al, [37] and may play a role in osmotic adjustment.  Rice is a salt sensitive crop and low content of soluble proteins has been observedin salt sensitive cultivars like barley by W.J. Hurkman et al, [34] and rice A. Pareek et al, D.W. Rains, S. Luttset al [35,38-39]. Due to accumulation of ions like Na+, the protein synthesis in the rice is decreased. According to Yeo [40] the high content of Na+ results in the reduction of photosynthesis due to stomatal and non- stomatal restrictions. It is also known that presence of a lot amount of Na ions inhibits the enzyme process and other activities  like  photosynthesis  and  synthesis of protein  due to which loss in leaf area, growth, weight occur [41-42].in the presence of water stress some ROS are formed that decrease the photosynthesis and proteinFarooq et al.[43]In the present study the results obtained with higher protein content in Borah, Beriabhanga, Laodubi and Solpuna are in agreement with the findings of Chinoy et al. [44] who also reported a high protein content in drought stressed rice plant. Ashraf andFoolad [45] had stated that “higher protein content in tolerant genotypes under water stress condition is due to higher DNA and RNA content, which stimulate synthesis and inhibit protein decomposi-tion”.
Resistant varieties:Borah, Beriabhanga, Laodubi and Solpuna are in agreement with the findings of Chinoy et al. [44]
Amino acid:

Amino acids have been informed to gather in higher plants due to salinity stress [33, 46 -47].The key amino acids contain alanine, arginine, glycine, serine, leucine, and valine, along with the imino acid, proline, and the non-protein amino acids, citrulline and ornithine by M.M.F.Mansour and B. Rabe. [33, 48]Proline occurs extensively in higher plants, stores in larger amounts than additional amino acids in salt stressed plants. [36, 47, 49-51].However, proline accumulation occurs in response to water deﬁcit as fit as to salt. Thus, production of prolineis a non-speciﬁc comeback to low growing medium water potential. [49] The increase in the concentration of proline in rice cultivar leaves was remarkable during drought stress. The role of proline in plants were observed by Saruhan et al. [52]and Watanabe et al. [53] proline increase the ability of rice plant to survive in strees.Cellular solutes, such asproline, have been recommended as one of the possible means for overpowering osmotic stress caused by the loss of water [54]. Proline is a non-protein amino acid that forms mostly in those tissues that was subjected to water stress and along with sugar; it is freely metabolized upon rescue from drought [55].
Resistant varieties:Verities like Laodubi, Leserihali, Beriabhanga and Borah were screened out as the best drought sustaining variety. [44]
Physiological attributes under water stress
It includes ion concentration, photosynthetic parameters and respiratory parameters.

Ion concentration:
Drought is undeniably harmful for plant growth. [56-57] it is known that low water availability under drought stress usually results in reduced total nutrient uptake and often reduces the levels of inorganic nutrients in crop plants. [58-59].Inorganic nutrients such as N, P, K+, Ca2+ and Mg2+ ion play multiple essential roles in plant metabolism. Due to water stress all these nutrients except Mg2+are decrease in root and shoot while Mg2+is increase in root and shoot under water stress state. [60].

Photosynthetic and respiratory parameters: it includes chlorophyll estimation and rate of photosynthesis and stomatal response and exchange of gases under water stress. Drought stress reduce the pigments like chlorophyll a and chlorophyll b.[61] Drought stress created changes in the fraction of chlorophyll ‘a’ and ‘b’ and carotenoids[62]  A decrease in chlorophyll content was testified in drought stressed cotton [63] Drought stressdecreases more chlorophyll a content than chlorophyll b and total carotenoids. Drought stress greatly decreased stomatal conductance (gs), transpiration rate (E) and intercellular CO2 concentration. And due to decrease of these activities photosynthesis also decrease. Plants retort to stresses such as drought by decreasing leaf expansion and closing stomatal pores. In this way, they save the water, nutrients and carbohydrates necessary for survival, which is helpful for sustain optimal water status, photosynthesis and plant growth [64-66].
Conclusions

Drought is a worldwide problem affecting the yield and quality of crops. Over past few decades this problem is getting more and more serious. Drought has affected the growth, development and yield of crops seriously all over the world. In case of rice, it reduces the growth and development of plant leading to the reduction in the fresh and dry weight of plant, reduction in the number of leaves, individual leaf area, leaf area per plant, and also decrease in photosynthetic pigments and ultimately reduces the yield to 
a great extent. Timing and duration of drought seriously matters. Drought at the time of flowering is more damaging. When drought occurs, stomata close leading to the reduced amount of CO2inside the leaves. This results in the reduced rate of photosynthesis which leads to the reduction in the growth and yield and by the reduction of yield also effect on biochemical and physiological attributes of rice and due to this production of rice decrease so the place where drought stress is present use the resistance verity.
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