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Introduction 
Chillies (Capsicum spp.) are the berries or fruits of plant belonging 

to the genus Capsicum of the solanaceae family. It has its centre of 
origin in American tropics. It is used as spice in a variety of cuisines all 
over the world as a basic ingredient. Capsicum not only gives attractive 
color and flavor to the foods but also provides vitamin C, vitamin A, 
vitamin B complex, vitamin E and minerals. Capsaicin present in chilli 
pepper is used as medicine for treatment of many human diseases like 
Lumbago, Neuralgia, Rheumatic disorders and non-allergic Rhinitis, 
etc. There are thought to be 25-30 species of Capsicum of which 5 
species i.e. C. annum L, C. frutescens mill, C. chinense, C. baccatum 
L, and C. pubescens have been domesticated and cultivated [1]. It is a 
self-pollinated dicot plant. However, there is an occurrence of cross 
pollination which leads to the formation of variants within the species. 
It is grown in the world on an area of 1.5 million ha with a production 
of about 10.60 million tonnes of green and dried chillies [2]. India ranks 
first in the world with an area of 7.75 lakh ha with an average yield of 
1.6 metric tonne/ha [3]. India contributes about 36% of the total world’s 
production [4] and in terms of international trade India remained in 
first position by exporting nearly 30% from its total production [5]. 
Chilles from India are mainly exported to Asian countries like Vietnam, 
Thailand, Sri Lanka, Bangladesh and UAE. [5].

There are several factors which affect the production and 
productivity of crop among which climate is the primary determinant 
of crop productivity and is expected to influence crop, hydrologic 
balances, input supplies and other components of agricultural systems. 
Fourth Inter governmental panel on climate change (IPCC) strongly 
highlighted about the global and regional impacts of projected climate 
change especially on agriculture, water resources, natural eco-systems 
and food nutritional security [6]. Changes in climatic factors such as 
temperature, precipitation and the frequency and severity of extreme 
events like drought, floods, and wind storms directly affects the crop 
yields [7]. Due to urbanization, industrialization and several other 
reasons, the climate change has become the major issue to be deal with 
by the world community. One of the major problems associated with 
climate change is the global warming, and the main reason of global 
warming is the generation and accumulation of greenhouse gases in 
the earth atmosphere (Table 1). The changes in environment have 
direct impact on crop growth and yield including chilliies and the yield 
attributing traits of chillies vary from environment to environment [8].

Like other crops, the growth, development and yield of chilli is 
also influenced by the climate change. The rise in temperature, heavy 
rainfall, drought, soil salinity, soil acidity, occurrence of diseases and 
insect pest attack has severely affected the productivity of the chilli 
(Figure 1).

Influence of Temperature on Growth and Development 
of Chilli

One of the adverse effects of climate change is global warming that 
is rise in global temperature due to the generation and accumulation of 
greenhouse gases. The mean annual temperature of India has increased 
by 0.46°C over a period of the last 111 years since 1901 (24.23°C) to 
2012 (24°C) [9]. Crop growth is indirectly controlled by temperature 
due to the balance between photosynthesis and respiration rates [10]. 
High temperature influences many aspects of plant physiology and 
growth, which in turn may have a direct or indirect effect on crop yield 
[11]. Many studies have shown the direct influence of increased or 
decreased temperature in the production of chilli [12]. The bell peppers 
which were grown under high temperature (33°C) showed reduced 
fruit set [10], and flower malformation when grown in temperatures 
below 18°C resulting in the formation of parthenocarpic fruits and 
reduced fruit set [13]. The number of leaves that developed from 

*Corresponding author: Khanna VK, School of Crop Improvement, College of 
Post-Graduate Studies, Central Agricultural University, Barapani, Umiam-793103, 
Meghalaya, India, Tel: 09436997876; E-mail: khannavk@rediff.com  

Received August 24, 2018; Accepted October 03, 2018; Published October 12, 
2018

Citation: Bhutia KL, Khanna VK, Meetei TNG, Bhutia ND (2018) Effects of 
Climate Change on Growth and Development of Chilli. Agrotechnology 7: 180. doi: 
10.4172/2168-9881.1000180

Copyright: © 2018 Bhutia KL, et al. This is an open-access article distributed under 
the terms of the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original author and 
source are credited.

Abstract
Climate change has become the major concern for the world today. Focusing on agriculture, climate change is 

already beginning to have a negative impact on world’s crop production levels. Global warming/climate change is 
causing a significant harm to the cultivation of crops including chillies around the world. Chilli is one of the important 
spice crops. Many studies have been done/conducted to look for the possible damage to chilli crop growth and 
development due to change in climate and global warming and also to find out the solution to these problems. This 
review article highlights about some of the consequences of global warming such as extreme temperature, drought, 
floods, soil acidity, soil salinity, etc. on chilli and the mitigation and adaptation techniques that are being used or can 
be used to make the plants more tolerant and productive under this changing climate.
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Greenhouse gas Conc. in 2010 (ppm) Increase since pre-
industrial time

Carbon dioxide
Methane

Nitrous oxide

389
1808
323.2

39 ppm
158 ppb
20 ppb

Table 1: Increase in atmospheric concentration of greenhouse gases since pre-
industrial times [9].
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and the other half showed the opposite trend [23]. The drought 
condition adversely affects the germination of seeds and also has other 
negative effects on crop growth and development [22].

It is estimated that due to limited availability of water for irrigation, 
the cultivation of crop is possible in only 16% of the potential arable 
area [24]. The occurrence of drought increases the concentration of 
salts in the soil which affects the reverse osmosis of loss of water from 
plant cells. This leads to poor plant growth and reduces productivity 
due to inhibition of several physiological and biochemical processes 
such as photosynthesis and respiration, etc. [25]. However, the drought 
stress is well recognized as an environmental condition that influences 
the accumulation of capsaicinoids (capsaicin and several related 
compounds), alkaloids in hot pepper that cause the sensation of heat, 
when eaten in chilli peppers [26]. The young seedlings of chilli cannot 
withstand either deficit or excess of soil moisture. However, the older 
seedlings can tolerate moisture stress comparatively to certain extent 
[27]. The distribution of rainfall throughout the growing season of chilli 
also acts as an important factor which influences the growth and yield. 
Unequal distribution of rainfall causes severe yield loss due to several 
physiological and biochemical adversities and infestations by insect 
pests and diseases [7]. Less rainfall or dry weather during the crop 
growing season encourages the infestation by thrips [28] which is one 
of the main insect that damages the chilli plants [29]. The increase in 
temperature and moisture stress (low moisture) causes early flowering 
in chilli plants and many other phenotypic changes that lead to poor 
growth and yield [22].

Effects of Soil Acidity and Salinity on Chilli

Soil acidity and salinity are among the most deleterious abiotic 
stresses affecting crop productivity and are responsible for significant 
crop loss globally. Acidity and salinity makes the soil unsuitable for 
crop cultivation due to various reasons like immobilization of nutrients 
like phosphorus and increased levels of toxic forms of elements such 
as aluminum and iron. According to Brunner and Sperisen [30], about 
40% of the global arable land is acidic and in south and south-east 
Asia, more than 100 million ha of land is unused due to soil acidity 
and problems associated it [31]. In India alone, 49 million ha of the 

the cotyledon stage until flowering were reduced when the pepper 
(Capsicum annuum) were grown where the soil and night temperature 
were high [14]. The changes in day and night temperature markedly 
influenced the seedling morphology of sweet pepper. Higher day 
temperature and lower night temperature resulted in seedlings with 
darker green color leaves and higher numbers of nodes till the first 
flower [15]. The temperature also plays a role in occurrence of diseases 
in chilli. The elevated temperature along with elevated CO2 significantly 
increased the incidence of diseases viz. bacterial wilt, bacterial spot 
and anthracnose caused by Ralstonia solanacearum, Xanthomonas 
campestris pv. vesicatoria and Colletotrichum acutatum, respectively, 
whereas, the incidence of Phytophthora blight caused by Phytophthora 
capsici in chili was decreased at elevated temperature [16]. The 
infection of necrotic spot tospovirus in chilli was also favoured by 
high temperature [17]. The study on effect of root zone temperature on 
growth of chilli pepper showed that the plants growing on root zone 
temperature of 20°C+/-2°C had more leaves, greater leaf area and dry 
weight than plants growing on root zone temperature of 25°C-40°C 
[18]. Pollen viability and germination are known to be sensitive to 
high temperature. Pepper plants maintained under a moderate high 
temperature regime (32°C/26°C, day/night) for 8 days before flowers 
have reached anthesis showed reduced in vitro germination resulting 
in reduced number of seeds per fruit [19]. The higher temperature 
was also found to be correlated with capsaicin content of chilli pepper, 
where high temperature during the growth period showed increase 
in capsaicin content of the chilli pepper [20]. The temperature stress 
affects the yield attributing traits of chilli such as plant height, branches, 
canopy diameter, fruit weight, transplant success, fruit diameter and 
number of fruits per plant which leads to poor growth and development 
of chilli plants resulting in reduction in fruit yield [21].

Influence of Rainfall in Growth and Development of 
Chilli

Increase in global temperatures due to climate change have altered 
the timing and amount of rainfall, availability of water and caused 
the frequent occurrence of weather extremes such as drought and 
floods [22]. Kumar and co-workers [23] studied the monthly, seasonal 
and annual trends of rainfall using monthly data series of 135 years 
(1871-2005) for 30 sub-divisions (sub-regions) of India (Figure 2). The 
sub-divisional rainfall trends showed a large variability. There were 
increasing trends in annual rainfall in nearly half of the sub-divisions 

Figure 1: Effects of climate change on growth and development of chilli.

Figure 2: Temporal variation of annual rainfall in different regions of India 
(a) North East, (b) Central North East, (c) North West, (d) West Central, (e) 
Peninsular, and (f) all-regions. Source: Kumar et al.
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total land area is affected by soil acidity out of which 24 million ha have 
pH below 5.5 [32]. Also, 6% of total land area and 30% in irrigated 
lands is affected by salinity [33]. This leads to massive loss in terms of 
productivity and arable land, as most of the economically important, 
particularly horticultural crops are sensitive to soil acidity and salinity. 
Chilli plants are considered moderately sensitive to salt stress [34,35]. 
However, the high soil salinity leads to poor germination, delays stand 
establishment, and reduces subsequent growth and yield [36-38]. Yield 
reduction begins when the electrical conductivity (EC) of saturated soil 
extraction is greater than 1.5 dS/m [34]. The chilli plants which were 
given salt treatment showed drastic reduction in growth parameters, 
along with reduced chlorophyll content and accumulation of proline 
[39]. Chillies can grow well under slightly acidic soil conditions. 
However, very low soil pH is not suitable for growing most of the crops 
including chilli. The main problem associated with acidic soil is the 
immobilization of macro nutrient i.e. phosphorus that rapidly converts 
into insoluble complexes due to precipitation reaction with Al3+ and 
Fe3+ [40,41].

Mitigation and Adaptation Strategies

There are several technologies which are available such as breeding 
for developing tolerant varieties that can be useful for reducing the 
impact of climate change. Application of genetic engineering and 
advanced breeding techniques for developing plants resistant to 
environmental stress, especially drought is well reviewed by Hu and 
Xiong [42]. The extent of information that breeders have now offers 
them advanced tools for breeding, such as markers for QTLs and single 
genes for genetic transformation techniques [43]. Use of drip irrigation 
technology can help in proper utilization of the water from a limited 
source during critical growth period of chilli and other crops as well. 
In areas where water scarcity is the main problem, the soil moisture 
can be preserved by following the practice of mulching, which not 
only helps in reducing evaporation loss of soil water, but also helps 
in maintaining soil temperature and reduces weeds from the chilli 
growing field [44]. The loss of yield by insect pests (such as thrips) and 
diseases (like leaf spot, leaf curl) can be prevented by developing hybrid 
varieties or by screening for a genotype which can tolerate insect pest 
and disease infestation [45]. Through genetic engineering approaches, 
various biochemical pathways of the plants can be manipulated in order 
to make the crop plants tolerant to abiotic stresses caused by climate 
change, for example, the over expression of heat shock protein, proline 
and abscisic acid as it helps in adaptation of crop plants to withstand 
drought and salt stress [46]. The genes that are responsible for encoding 
proteins that are related to calmodulin, calmodulin-binding, zinc-
finger, putative cyclases, stress related and novel proteins are found to be 
playing a role in providing tolerance against salt stress [47]. Therefore, 
these genes can be utilized in developing chilli plants that can grow 
well under salt stress conditions. Another way of improving the crop 
yield under drought stress is to develop varieties which have high EUW 
(Effective use of water) ability, which implies maximal soil moisture 
capture for transpiration, reduced non stomatal transpiration and 
minimal water loss by soil evaporation [48]. Osmolyte accumulation 
(OA) is frequently cited as a key mechanism for increasing productivity 
of the crops that are under drought conditions. The role of osmolyte 
accumulation in drought resistance has been reviewed elaborately by 
Serraj and Sinclair [49]. Several studies have been conducted on tissue 
culture of chilli and suitable regeneration media for different genotypes 
of chilli have been standardized [50]. Tissue culture/micropropagation 
techniques can be utilized to produce a large number of seedlings from 
a limited initial material as this will help in overcoming the problem of 
germination in chilli. Also the plant tissue culture may generate genetic 

variability (somaclonal variation) that may produce variants with 
desirable characters such as resistance to biotic and abiotic stresses [51]. 
Plant growth promoting rhizobacteria (PGPR) have strong potential to 
be successful biofertilizers and bioenhacers. Therefore, they can be used 
in areas where soil fertility is a major problem [52]. Some other simple 
but effective adaptation strategies include growing chilli crop in a raised 
bed to avoid damage from excess water during heavy land preparation 
of proper drainage system will reduce the adversity of heavy rain and 
floods on growing crop. Change in the sowing date may help in escaping 
insect pest and diseases, use of soil and moisture conservations measures 
will help in judicious utilization of water during drought season and 
liming on the acidic soil helps in reducing the concentration of toxic 
elements such as AL3+ and Fe3+ which decreases the immobilization of 
available phosphorus in the soil [53]. Fertilizers management through 
fertigation, adjustment in cropping pattern, developing suitable 
agronomic adaptation measures for reducing the adverse climate 
related production losses, developing crop simulation models for crops 
for enabling regional impact adaptation and vulnerability analysis, 
identification and refinement of indigenous technological knowledge to 
meet the challenges of weather related damages and developing storage 
systems for pre and post-harvest produce can reduce the risk of damage 
caused by climate change.
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