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INTRODUCTION 

1.1. Drought 

Understanding the impacts of climate variables on agricultural production has become 

preeminent in this contemporary age of global warming, as these climate variables directly 

affect agricultural production by regulating growth of plant, performance of crop yield and 

yield of cropping system over a period of time [1-3]. Climate extremities are anticipated to 

augment due to rapid changes in climate, which might cause a detrimental effect on the 

production of crop [4]. Among different climate extremes, drought stress is the most 

common extremes, that imposes principle constrain on crop yield performance threatening 

global food security. Drought has substantially decreased maize production by 11.6%, 

soybean production by 12.4% and wheat production by 9.2% [5]. 

In India, different regions exhibit varied frequencies and intensities of drought [6]. In 

the country, drought situations are estimated to project by 2050 in peninsular, central and 

northeast regions [7]. Approximately 50% of the area in India is prone to drought stress [8]. 

Effects of drought are aggravated in India due to groundwater depletion, increasing 

population and deviated monsoon [9-11]. Because of monsoon failure in the year 2018 and 

underperformance rainfall in the year 2019, Indian peninsula has faced severe drought. 

Among all, states of Andhra Pradesh, Maharashtra, Tamil Nadu and Karnataka have become 

highly affected [12]. Flash drought is seen as one of the extreme events recently [13]. Flash 

drought quickly depletes the soil moisture content and as a result shows its impact directly on 

agriculture [14]. During the monsoon season, approximately 82% of flash droughts are 

observed in India. As flash droughts intensely and quickly reduce moisture content in soil, 

plant growth is highly affected resulting in decreased crop production. Increased incidence of 

flash droughts will have large implications on agricultural production [15]. In this scenario, 

development of drought tolerant high yielding varieties becomes highly imperative.  As 

drought stress is multifaceted and is highly complex phenomenon, understanding plant’s 

response to drought has adequate repercussion for the development of better varieties. 
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INTRODUCTION 

1.2. Hot Pepper 

 Capsicum annuum L. is cultivated either for pungent fruit (chilli/hot pepper) or non 

pungent fruit (sweet pepper). It is an important commercial crop grown for vegetable, spice 

and processed produce [16]. Hot pepper has numerous chemical components such as 

capsaicinoids, carotenoids, proteins, fibers and vitamins which make it highly desirable [17]. 

Chilli is known to be rich in Vitamin E, Vitamin C, Vitamin A, potassium, folic acid and low 

in sodium and cholesterol.  

With cultivation in 1.5 million ha, chilli production in world is expected to be 20 

million tons FWt [18]. Contributing 39.78% in global production, India is not only the 

leading producer but also the largest consumer and exporter of chilli. In India, major chilli 

producing states are Andhra Pradesh, Tamil Nadu, Telangana, Karnataka and Madhya 

Pradesh.  Having 51% of total production and 30% of area under cultivation, Andhra Pradesh 

stands first in the country [19]. Although India contributes largely in hot pepper production, 

productivity in the country is very low (1.75 t/ha) when compared to other countries like 

Morocco, Jamaica (10 t/ha) [20]. As 60% of chilli crop is cultivated in rain-fed conditions, 

crop yield is reduced by 50-60% due to water deficit conditions [21]. According to Jaimez et 

al., [22], chilli is described as a drought susceptible crop. Plants in their vegetative phase 

cannot withstand moisture deficit conditions [23]. If dry weather persists during the growing 

season of the crop, infestation of thrips is exacerbated resulting in biotic stress [24]. Due to 

the low moisture content in soil, early flowering takes place reducing crop produce [25].  

Between the months, June 2018- April 2019, Andhra Pradesh has received 32% 

deficient rainfall. In addition, 94% land of Andhra Pradesh (undivided) is susceptible to 

agricultural drought [26]. In the view of increasing drought, development of drought tolerant 

varieties with minimal effect on yield is highly desirable. For successful breeding programs, 

availability of diverse range of genetic material becomes prerequisite. Further, a genotype is 

considered drought tolerant only if it contains few tolerant traits rather than one which 

complement one another or which operate in tandem. Hence, large scale germplasm 

screening to identify genotypes with drought tolerance traits is need of hour. 
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INTRODUCTION 

1.3. Aquaporins 

 Aquaporins (AQPs) are members of Major Intrinsic Protein (MIP) family of integral 

membrane proteins. They are ubiquitous and are found in all forms of life. Though AQPs are 

initially identified as channels for movement of water, many studies report their role in 

transport of other solutes and gases [27]. In comparison to animals, plants encompass large 

number of aquaporins. Plant aquaporins possess large diversity in solute transport and sub-

cellular localisation. Aquaporins not only play indispensible role in transport of water across 

the cell membrane but also acknowledged to be involved in growth of plant, development 

and defense response against biotic and abiotic stressors.  

 A steady flow of water from soil to roots, thereupon its movement all through the 

plant body, finally escaping into environment by the process of transpiration is very crucial 

for accomplishing all physiological activities in plants and also for managing stress induced 

by abiotic and biotic factors. Bulk water flow for long distances take place through vascular 

tissues and is not constrained because of membrane barriers [28]. Non-vascular short 

distance movement of water across cell membranes is pivotal to sustain turgor within the cell 

and to maintain water homeostasis at cellular, tissue and organ levels. AQPs, being integral 

membrane proteins are found to play prominent role in leaf hydraulic conductance, osmo-

regulation, root hydraulic conductance, transpiration and cell elongation [29-32]. 

Retaining osmotic potential in the cell is of paramount importance for the survival of 

plants under biotic and abiotic stress conditions. Especially during abiotic stress, plant water 

relationships are directly influenced. Altered plant water relations stimulate diverse responses 

at physiological, molecular, morphological and biochemical levels. Drought induced 

reorganization in leaf hydraulic conductance and root hydraulic conductance is often the 

result of changes in aquaporin activity and/or abundance [33]. Also, alleviation of drought 

stress resulting from altered AQP expressions are also reported in several crops. Being key 

regulator in plant water relationships, aquaporins become potential and promising targets in 

understanding the dynamics of plant water relations in drought and also in developing 

drought tolerant varieties.  
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INTRODUCTION 

1.4. Molecular Breeding for Drought Tolerance 

 In order to feed the growing population, agricultural productivity has to be enhanced. 

Yet, due to changing climatic conditions, drought has become one of the major constrains 

hindering agriculture productivity. Identifying varieties with desirable characteristics and 

crossing them for the creation, selection and fixation of desirable phenotypes in cultivars is 

known as plant breeding and is a common practice used to develop superior varieties. 

Development of molecular markers has changed the face of plant breeding. Recent years 

marked enormous increase in molecular markers, genetic maps and whole genome sequences 

[34]. These genetic advancements led to the discovery of QTLs which were further harnessed 

to screen germplasm and assist marker assisted breeding [35].  

In the last decade, great amount of work has been reported in plant drought resistance 

with the development of modern tools and methodologies [36]. Also, numerous studies 

identifying QTLs linked to drought tolerance were reported [37, 38]. Recently, in barley, 

QTLs for various physiological and biochemical traits were identified [39]. Also, QTLs 

related to drought tolerance were reported in rice [40]. Marker technology has witnessed 

growth, but in comparison to other solanaceae members, momentum of mapping QTLs in 

Capsicum annuum is slow. The low prevalence is attributed to not only the large genome size 

but also due to presence of low levels of polymorphism [41-43]. Although QTL mapping is 

slow in chilli, many QTLs were identified in intra-specific and inter-specific crosses. QTLs 

for flowering time and number of flowers per node were discovered in inter-specific cross 

between Capsicum chinenese and Capsicum annuum [44]. Fruit length related QTLs were 

identified in an inter-specific cross (Capsicum annuum and Capsicum galapagoene) [45]. For 

capsainthin content, QTL was identified in an intra-specific cross of Capsicum annuum [46]. 

QTLs for first flower node, which is a significant trait for determining fruit earliness were 

identified in an intra-specific cross [47].  

 




