
 
Journal of Applied Sciences Research, 8(8): 4359-4383, 2012 
ISSN 1819-544X 
This is a refereed journal and all articles are professionally screened and reviewed 

 
ORIGINAL ARTICLES 

 

Corresponding Author: Shaban D. Abou-Hussein, Vegetable Research Department, National Research Centre, Cairo,  
Egypt 
E-mail: shaban_abouhussein@yahoo.com 

Climate Change and Its Impact on the Productivity and Quality of Vegetable Crops 
(Review article) 
 
Shaban D. Abou-Hussein 
 
Vegetable Research Department, National Research Centre, Cairo,  Egypt 
 
ABSTRACT 

 
Global climate change, rated as the most serious threat to the environment, has been the center of debate 

among environmentalists and policy makers as it has become not only an environmental, a political and an 
economic issue, but also a global problem, of which agriculture is the major target. Therefore, the exponential 
growth of CO2 and other greenhouse gasses in the atmosphere is causing climate change and it will be affected 
on agriculture, forestry, human health, biodiversity, snow cover and aquatic to mountain ecosystems. Changes in 
climatic factors like temperature, solar radiation and precipitation have potentials to influence crop production. 
Plants have been directly affected by rising atmospheric CO2 concentration because they are the first molecular 
link between the atmosphere and the biosphere. The role of CO2  in agriculture is complex in that it can be 
positive in some respects such as increasing [CO2] will enhance photosynthesis and improve water use 
efficiency, thus increasing yield in most crops and negative in other respects. CO2 concentration affects crop 
production directly by influencing the physiological processes of photosynthesis. The impact of increasing 
temperatures is more difficult to predict. Seed germination will probably be improved for most vegetables, as 
will vegetative growth in regions where mean daily temperatures during the growing season remain under 25°C, 
assuming adequate water is available. Reproductive growth is extremely vulnerable to periods of heat stress in 
many important vegetable fruiting crops, such as tomato, pepper, bean and sweet-corn, and yield reductions will 
probably occur unless production is shifted to cooler portions of the year. In many crops, high temperatures may 
decrease quality parameters, such as size, soluble solids and tenderness. For fresh-market vegetable producers, 
even minor quality flaws can make their crops completely unsaleable in some markets. Reduced or more 
irregular precipitation will also decrease vegetable yields and quality, although soluble solids and specific 
weight may increase in some crops. Leafy greens and most Cole crops such as broccoli, cabbage, cauliflower, 
are generally considered to be cool-season crops, so heat stress during the growing season would be detrimental 
to these species. Thus, planting dates, production areas and cultivars may need to be adjusted if temperatures 
change. 
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Introduction 
 

The phrases climate change and global warming are now part of our lives and rarely does a day go by 
without a mention in the press or on the media of the possible causes of climate change and its consequences. 

Global warming has effects and consequences on all walks of life. The consequences of global warming can 
be seen in the atmospheric weather, local climate change, glacier retreat and disappearance, oceans, seal level  
rise, acidification, forest fires, ozone depletion, agriculture, water scarcity  as well as the health of individuals. 
(Shabir et al. 2010) 

Climate change is a phenomenon due to emissions of greenhouse gases from fuel combustion, 
deforestation, urbanization and industrialization (Upreti, 1999) resulting variations in solar energy, temperature 
and precipitation. It is a real threat to the lives in the world that largely affects water resources, agriculture, 
coastal regions, freshwater habitats, vegetation and forests, snow cover and melting and geological processes 
such as landslide, desertification and floods, and has long term affects on food security as well as in human 
health. 

The magnitude of changes in the Earth’s climate over the next two to three decades is independent of any 
post-Kyoto agreement and is controlled by historic emissions. However, changes in climate beyond the decade 
of the 2030s are critically dependent upon agreements to reduce global emissions of greenhouse gases as soon as 
possible. The greenhouse gases in our atmosphere help make the planet a warm and habitable place. They act 
like the outside covering of a greenhouse, trapping heat from the sun. Greenhouse gases – such as carbon 
dioxide, methane and nitrous oxide – are emitted naturally from trees and animals, as well as from human 
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activity. These gases are trapping even more heat, causing the planet to warm up and our natural weather 
patterns to change. 

Climate change has come upon us in a relatively short space of time and is accelerating with alarming 
speed. It is perhaps the most serious problem that the civilized world has had to face. It is the subject of major 
international cooperation through the Intergovernmental Panel on Climate Change (IPCC) which was set up in 
1988 by the World Meteorological Organization and the United Nations Environment Programme. The IPCC 
has reported its findings in 1990, 1996, 2001 and 2007. Emissions of carbon dioxide from the burning of fossil 
fuels have ushered in a new epoch where human activities will largely determine the evolution of Earth’s 
climate. Because carbon dioxide in the atmosphere is long lived, it can effectively lock Earth and future 
generations into a range of impacts, some of which could become very severe. Therefore, emissions reductions 
choices made today matter in determining impacts experienced not just over the next few decades, but in the 
coming centuries and millennia. Policy choices can be informed by recent advances in climate science that 
quantify the relationships between increases in carbon dioxide and global warming, related climate changes, and 
resulting impacts, such as changes in stream flow, wildfires, crop productivity, extreme hot summers, and sea 
level rise. 

 

 
 
 

Fig. 1: Condition for greenhouse gases in the atmosphere; greenhouse gases include carbon dioxide (CO2),  
             nitrous oxide (N2O), methane (CH4), chlorofluorcarbons (CFCs) , ozone (O3) and water vapor (H2O) 

 
2. Why Is Climate Change Important?: 

 
Climate change creates both risks and opportunities worldwide. By understanding, planning for and 

adapting to a changing climate, individuals and societies can take advantage of opportunities and reduce risks. 
The consequences of climate variability and climate change are potentially more significant for the poor in 
developing countries than for those living in more prosperous nations. Vulnerability to the impacts of climate 
change is a function of exposure to climate variables, sensitivity to those variables, and the adaptive capacity of 
the affected community.  Often, the poor are dependent on economic activities that are sensitive to the climate.  
For example, agriculture and forestry activities depend on local weather and climate conditions; a change in 
those conditions could directly impact productivity levels and diminish livelihoods.  
 
3. Effect of climate change on Agriculture: 

 
Agriculture is an essential component of society’s well being. It occupies 40% of the land surface, 

consumes 70% of global water resources and man ages biodiversity at genetic, species and ecosystem levels. 
High-yielding crop varieties, intensive use of inorganic fertilizers and pesticides, expansion of irrigation 
facilities and capital intensive farm management have resulted in an unprecedented increase in global 
agricultural productivity, since1950.Therefor, Climate change and agriculture are interrelated processes, both of 
which take place on a global scale. Global warming is projected to have a significant impact on conditions 
affecting agriculture, including temperature, carbon dioxide, glacial runoff, precipitation and the interaction of 
these elements. (Shabir et al. 2010).Already small changes in climate change can have significant impacts on 
agricultural productivity. Current variation in crop productivity and yields among different regions, are likely to 
become greater as the effects of climate change are felt by farmers. The Intergovernmental Panel on Climate 
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Change (IPCC, 2009) indicates that rising temperatures, drought, floods, desertification and weather extremes 
will severely affect agriculture, especially in the developing world.  

As the same time, the share of agricultural emissions in total GHG emissions in 2000 was 13 percent. In 
developing countries, such emissions are expected to rise in the coming decades due to population and income 
growth, amongst other factors. Within the agricultural sector, fertilizer application, livestock and manure 
management, rice cultivation, and savanna burning are the major sources of emissions. 

 

  
 
 

Fig. 2: Share of global GHG emissions by sector, year 2000.Sourec:- Drawn from data from WRI (2008)  and  
             Sources of emissions from the agriculture sector (2000)Source: Drawn from data presented in USEPA  
            (2006) 

 
A significant change in climate on a global scale will impact agriculture and consequently affect the world’s 

food supply. Climate change per se is not necessarily harmful; the problems arise from extreme events that are 
difficult to predict (FAO 2001). More erratic rainfall patterns and unpredictable high temperature spells will 
consequently reduce crop productivity. Developing countries in the tropics will be particularly vulnerable.  
Latitudinal and altitudinal shifts in ecological and agro-economic zones, land degradation, extreme geophysical 
events, reduced water availability, and  rise in sea level and salinization are postulated (FAO 2004).   

Many researches studies the effect of increasing the temperature on the crop productivity such as wheat and 
rice, Sinha and Swaminathan (1991) observed  that an increase of 2ºC in temperature could decrease the rice 
yield by about 0.75 tons/ha in the high yield areas and 0.5ºC increase in winter temperature would reduce wheat 
yield by 0.45tonns/ha. As well as, Kalra et al. (2003)  estimated that a 2°C increase in mean air temperature 
could decrease rice yield by about 0.75 t/ha in the high yield areas and by about 0.06 t/ha in the low yield 
coastal regions. 

  Rao and Shina (1994) reported that wheat yield could decrease between 28-68% without considering the 
carbon dioxide fertilization effects. Saseendran et al. (2000) reported that for everyone degree rise in 
temperature the decline in rice yield would be about 6%. Meanwhile, horticultural crops are more susceptible to 
changing conditions than arable crop field, vegetables will be particularly affected by temperature changes. 
Water deficits directly affect fruit and vegetable production (Zarin, 2007).  

Frequent and protracted drought and torrential rainfall, leading to flash flood conditions, are what climate 
change modelers are predicting for different parts of the globe. The predicted severe drought conditions, during 
the next few decades, will affect the soil nutrient status. Drought will lead to diminished plant uptake of 
nutrients such as P and K (Sardans and Penuelas 2007). In soils, where P is already low, this situation will lead 
to additional stress on plants and ecosystem, since both P and K are necessary for high water use efficiency and 
stomatal control.To cushion crop production against these adversaries, there is an urgent need to quantify the 
biomass production and harvest index of important crops and develop suitable land use options to sustain 
agricultural productivity. It is necessary to develop biophysical and socio-economic data, based on agro-
ecological regions, using the facilities available in various research farms to assess the overall impact of climate 
change. 
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Changes in rainfall patterns will affect soil surface temperatures and moisture availability. This will 

influence crop establishment, crops stand maturation period and the total agricultural production. Climate 
change will have an impact on land degradation, leading to water logging, soil salinity and sodicity development 
in vulnerable areas of the world. The inter-seasonal climatic variability (mainly temperature and rainfall) may 
influence crop production and food security. The net balance, after accounting for the gain in production and 
loss, due to climate change indicates a negative production trend and it is important that future plant physiology 
research addresses these emerging challenges. 

 
4. Importance of vegetables: 

 
Worldwide, over 54 Mha of vegetables were harvested in 2009 for a total production of over 941 Mt 

(FAOSTAT, 2010). This represents a significant contribution to the dietary needs of the world’s human 
population, especially since many vegetables are good sources of proteins, vitamins and minerals. In addition, 
many have been associated with protective effects against cancer and heart disease. In Egypt, 746Th/ha of 
vegetables were harvested in 2009 for a total production of over 20,275Ttons (FAOSTAT, 2010).  

 Fresh fruits and vegetables are essential constituents of  a healthy and well-balanced diet, as they supply 
several  biologically  important  components  to  the  human organism. Fruits and vegetables are the major 
source for the vitamin C and vitamin A required in the human diet (Block 1994; Lester 2006). For example, 
depending on the age group, the daily requirement for vitamin C is about 60–90  mg (Ausman and Mayer 1999; 
Dri 2000), and many vegetable crops such as broccoli, red peppers, and strawberries contain this amount in 
about 100  g of fresh tissue (Lundergan and Moore 1975; Mc Cance and Widdowson 1978; USDA 2006).In 
addition, fruits and vegetables constitute a rich source of phytochemicals such as provitamin acarotenoids, as 
well as other carotenoids (i.e., lycopene and lutein), phenolic flvonoids , glucosinolates, and other bioactive 
components with potential anticarcinogenic and cardiovascular risk reduction properties (Ackermann et al. 
2001; Burri 2002; Clinton 1998; Fleischauer and Arab 2001; Giovannucci 2002; Kaur and Kapoor 2001; 
McDermott 2000; Steinmetz and Potter 1996; Veer et al. 2000; Verhoeven et al. 1997; Yang et al. 2001; Cordell 
et al. 2007).  

Vegetables are generally sensitive to environmental extremes, and thus high temperatures and limited soil 
moisture are the major causes of low yields in the tropics and will be further magnified by climate change.  

 
5. Effect of climate change on vegetable crops: 

 
The growth and development of plants is dependent on abiotic (physical) and biotic (biological) factors.  

Abiotic factors include the physical environmental conditions and biotic factors include animals, insects, and 
diseases.    

Each plant has certain environmental requirements. To attain the highest potential yields a crop must be 
grown in an environment that meets these requirements. A crop can be grown with minimal adjustments if it is 
well matched with its climate or growing condition.  Unfavorable environmental conditions can produce a stress 
on plants resulting in lower yields. In such cases the environment can be artificially modified, such as in 
greenhouses, to meet the crop requirements. 

 
 
    

Fig. 3: Environmental stresses (salinity, Temperature, Light, UV) in plant life cycle 
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A large number of crops are classified as vegetables and the wide diversity of crop types makes it difficult 

to summarize the potential effects of climate change on growth and yield. Few studies on likely impacts of 
climate change on vegetables have been carried out. Moreover, varietal differences may be large so that it is 
difficult to generalize from the results of some experiments. In a review of the available literature, Peet & Wolfe 
(2000) concluded that higher levels of Co2 are likely to benefit most crops, provided temperatures are not 
limiting. However, they suggested that the effects of increasing temperatures are much more complex to predict. 
Some vegetable crops such as tomato and pepper are extremely sensitive to high temperatures during the 
reproductive phase. Tomato plants are particularly vulnerable to heat stress during the period immediately 
before flowering when pollen release can be affected and pollen function impaired (Peet et al., 1998).  

Under certain conditions, higher temperatures may lead to improved seed germination. For example, 
germination rates may increase in direct seeded crops such as leafy vegetables grown in cool seasons. Another 
potential benefit of a warmer climate in cooler regions is that the cropping season will be extended and it may be 
possible to grow an additional crop in some locations. On the other hand, crops such as celery which need a cold 
period to produce seed the following season may suffer reductions in yield and quality through warmer winters. 

The quality of many vegetable crops is adversely affected by high temperatures and this may reduce the 
marketability of produce. For example, the sugar content in peas is reduced under high temperatures; this may 
be due to increased respiration during warm nights or to the shorter period over which the crop develops. High 
temperatures and long days induce flowering in some crops such as lettu ce and spinach and the quality of the 
produce declines once this process has started. Some varieties are less susceptible to this flowering trigger, 
known as ‘bolting’, so farmers can make use of this as an adaptation strategy. In some locations, however, 
production areas may need to shift in order to sustain viable production. Varietal differences in susceptibility to 
high temperatures may be large but breeding for heat tolerance in vegetable crops can be a complex process. For 
example, high temperatures can reduce yield by affecting factors such as the sprouting of seed tubers, growth 
rates and tuberization and each of these factors may be controlled by different genes (Peet & Wolfe, 2000). 
There may also be secondary effects that need to be considered; for example, high temperatures influence 
susceptibility to certain diseases. 

 

   
 

Fig. 4: High temperature causes ‘bolting’ in Broccoli, Cabbage and Spinach 
 
Data that should hold predictive value for climatic change responses of agronomic crops and some natural 

ecosystems are available from open-air or naturally lit compartments. Even for vegetable crops, such as potatoes 
(Solanum tuberosum L.) and cabbage (Brassica oleracea L. var. capitata L.) grown on 18 and 2 Mha 
worldwide, respectively, little is known about reactions to global climatic change.  
 
5.1 Effects of high temperature: 

 
Most plants function in a relatively narrow range of temperatures. The extremes of this range may be 

considered killing frosts at about 32ºF (0ºC) and death by heat and desiccation at about 105ºF (40ºC).  
Air Temperature - Each kind of crop grows and develops most rapidly at a favorable range of air 

temperatures. This is called the optimum air temperature range.  For most crops the optimum functional 
efficiency occurs mostly between 55 and 75ºF (12 and 24ºC).  Most crops (and especially vegetables) can be 
classified according to the temperature requirements of their optimum air temperature range.  However they are 
generally grouped into whether they require low or high air temperatures for growth. Temperature requirements 
are usually based on night temperature. Those that grow and develop below 65ºF (18ºC) are the cool season 
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crops, and those that perform above 65ºF are the warm season crops.  Crops that originated in temperate 
climates usually require low temperature, while those that originate in the tropical climates require warm 
temperature.  

When temperatures rise too high, heat destruction of the protoplast results in cell death.  This occurs in the 
range of 113-122ºF (45-55ºC).  In tomatoes, fruits exposed on vines to high temperatures and high solar 
radiation can reach 120-125ºF (49-52ºC).  If green fruits of tomatoes are exposed at these temperatures for an 
hour or more, they become sunburned; and ripe fruits become scalded. As with cold resistance, the plant cells 
can become gradually acclimated, to a certain extent, to heat by slowly raising the temperature and lengthening 
the exposure daily.  Transpiration from the leaf stomata helps cool leaves.  It has been calculated that 
transpiration can reduce heating by about 15 to 25%.   

Symptoms of heat injury are the appearance of dead areas in leaves of hypocotyls and young leaves of 
many plants.  Heat injury occurs over a wide range of plants depending on the species or tissue.  

As summarized by Rosenzweig and Hillel (1998), based on a doubling of effective greenhouse gases 
(which include [CO2], methane, nitrous oxide and chlorofluorocarbons), most global circulation models predict 
an increase in global temperature of 2–4°C. The projected temperature increase may already be well underway. 
The predicted temperature rise may not be evenly distributed between day and night and between summer and 
winter. Most theories, models and observations suggest that night-time minima will increase more than daytime 
maxima (Karl et al.,1991) and winter temperatures will increase more than summer temperatures. Although the 
absolute amount of the temperature increase may be small, Mearns et al. (1984) suggested that relatively small 
changes in mean temperature can result in disproportionately large changes in the frequency of extreme events; 
i.e. even if the variance of maximum daily temperatures does not change, the probability of strings of successive 
days with high temperatures increases substantially. While considerable attention has been focused on the 
effects of higher [CO2] on crops, less research has been directed to crop responses to predicted temperature 
increases. Rosenzweig and Hillel (1998) point out that high temperature injuries commonly reduce productivity 
in crops grown in tropical and temperate regions, and that temperature stress is among the least well understood 
of all plant processes. If mean warming reaches the upper end of the predicted range (a temperature rise of 
approximately 4°C), developing heat tolerant varieties of major crops will become a vital task for plant breeders. 

On the other hand, potential beneficial effects of global warming include longer growing seasons, multiple 
cropping, better seed germination and emergence and more rapid crop growth. Temperature limits the range and 
production of many crops.  In the tropics, high temperature conditions are often prevalent during the growing 
season and, with a changing climate, crops in this area will be subjected to increased temperature stress.  
Analysis of climate trends in tomato-growing locations suggests that temperatures are rising and the severity and 
frequency of above-optimal temperature episodes will increase in the coming decades.  Vegetative and 
reproductive processes in  tomatoes are strongly modified by temperature alone or in conjunction with other 
environmental factors. High temperature stress disrupts the biochemical reactions fundamental for normal cell 
function in plants.  It primarily affects the photosynthetic functions of higher plants .  High temperatures can 
cause significant losses in tomato productivity due to reduced fruit set, and smaller and lower quality fruits.  Pre 
anthesis temperature stress is associated with developmental changes in the anthers, particularly irregularities in 
the epidermis and endothesium, lack of opening of the stromium, and poor pollen formation (Sato et al. 2002).  
In pepper, high temperature exposure at the pre-anthesis stage did not affect pistil or stamen viability, but high 
post-pollination temperatures inhibited fruit set, suggesting that fertilization is sensitive to high temperature 
stress (Erickson & Markhart 2002).  As we as, some authors summarized the symptoms  causing fruit set failure 
at high temperatures in tomato; this includes bud drop, abnormal flower development, poor pollen production, 
dehiscence, and viability, ovule abortion and poor viability, reduced carbohydrate availability, and other 
reproductive abnormalities.  In addition, significant inhibition of photosynthesis occurs at temperatures above 
optimum, resulting in considerable loss of potential productivity.  

 

  
 

Fig. 5: In tomato, high temperatures causes bud drop, abnormal flower development, poor pollen production,  
               and other reproductive abnormalities. 
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5.1.1 Seedling germination and emergence: 

 
Soil temperature has direct dramatic effects on microbial growth and development, organic matter decay, 

seed germination, root development, and water and nutrient absorption by roots.  In general, the higher the 
temperature the faster these processes occur.  The size, quality, and shape of storage organs are greatly affected 
by soil temperature.  Dark-colored soils absorb more solar energy than light colored soils.  The capacity of water 
to move heat from one area to another (conduction) is greater than that of air.  Heat is therefore released to the 
surface faster in clay soils than in dry sandy soils.  The lower the air temperature, the more rapid the loss. 
Although light colored sandy soils absorb less solar energy, less heat is also released to the atmosphere because 
of the low water-holding capacity of the soil.  

For cool-season vegetables, which include most leafy vegetables, Brassica (Cole) crops, some legumes and 
most root crops, the temperature range for germination is 3–17°C. Direct-seeded vegetable crops should benefit 
more than transplanted crops from warmer soil temperature in the spring. Since most leafy vegetables are direct-
seeded and since uniform maturity (which is highly desirable) requires uniform germination, having optimal soil 
temperatures for germination. 

 

  
 
 

Fig. 6: Soil temperature has direct effects on microbial growth and development, organic matter decay, seed  
            germination, root development, and water and nutrient absorption by roots 

 
With global warming, seed germination could be improved for spring crops, but autumn soil temperatures 

could become too high in some areas for good germination. For example, germination of celery (Apium 
graveolens L. var. dulce (Mill.) Pers.) requires a daily temperature fluctuation with night temperatures falling 
below 16°C, and is inhibited by temperatures above 30°C (Pressman, 1997). The rate of germination may 
increase more than the total percentage germination, but rapid emergence makes the seedlings more competitive 
against diseases and insects, and possibly against weeds. Thus, where both spring and autumn crops are grown, 
the spring crop could be seeded earlier, but planting of the autumn crop might need to be delayed. Warmer 
winter temperatures could allow the autumn crop to be grown farther into the winter, but higher summer 
temperatures could restrict the production of spring crops. 

 
5.1.2 Warm-Season Vegetables:  

 
For solanaceous fruit vegetables (tomato, aubergine and pepper) and cucurbits – cucumber, squash 

(Cucurbita pepo L.) and melon (Cucumis melo L. Reticulatus group) – the temperature range for germination 
(13–25°C) is much higher than for cool-season vegetables. Any soil warming would be advantageous for 
cucurbits, which are generally direct-seeded and have a high heat requirement. However, solanaceous fruit crops 
grown for the fresh market are generally seeded in heated greenhouses and not transplanted into the field until 
the danger of frost is past. Theoretically, these crops could be direct-seeded if soils warmed earlier, but soil 
temperatures are unlikely to rise sufficiently to make this practical. Also, current practices for these crops, 
including black plastic mulch, drip irrigation and fumigation, comprise a system that is highly efficient in terms 
of productivity, fruit quality and weed control. Thus, growers of fresh-market tomato and pepper are unlikely to 
switch to direct seeding but, because some processing tomato and pepper crops are direct-seeded, warmer soil 
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temperatures would be beneficial. Sweet-corn, with an optimum germination temperature of 35°C (Maynard and 
Hochmuth, 1997), is also direct-seeded, and sh2 super sweet lines in particular would benefit from higher soil 
temperatures in the field (Wolfe et al., 1997). 

 
5.1.3 Growth rates: 

 
For most vegetables, growth is more rapid as temperatures increase, at least up  to about 25ºC. Bulbing in 

onions is induced by photoperiod; once induced, it occurs more rapidly at higher temperatures (Brewster, 1997). 
Maize growth rates increase linearly between 10 and 30ºC (Wolfe et al., 1997). 

Even at temperatures above 25ºC, plants sustain some growth through heat adaptation. In heat-adapted 
plants, changes in the lipid composition of chloroplast membranes raise the temperature at which the 
photosynthetic electron transport systems are disrupted (Fitter and Hay, 1987). Another protective mechanism in 
plants is the production of heat-shock proteins after sudden exposure to high temperature. These proteins may 
help crops to acquire tolerance to temperature stress, maintain cell integrity, prevent protein denaturation and 
protect the photosystem II centre. However, their exact role remains unknown (Paulsen, 1994). High 
temperature causes reduction in shoot dry mass, growth and net assimilation rates in a number of plants (Wahid 
et al., 2007). 

  
5.1.4 Flower induction and dormancy: 

 
A greater increase in winter temperatures than in summer temperatures should reduce the potential for 

summer heat stress, but may lead to a lack of crops. Flowering in brassicas, celery and onion is affected by 
interactions among winter temperatures, day length, and seedling age and nutritional status. Cultivar selection 
and planting dates are directed toward either suppressing flower initiation, in the case of celery, onion and 
cabbage, or delaying it, in the case of broccoli (Brassica oleracea L. var. italica Plenck.) and cauliflower 
(Brassica oleracea var. botrytis), until the seedling is big enough to support formation of a large head. Thus, if 
winters become milder, different planting dates and cultivars may be required. In bean, high temperatures delay 
flowering because they enhance the short-day photoperiod requirement (Davis, 1997). In cucumber, sex 
expression is affected, with low temperatures leading to more female flowers (generally desirable) and high 
temperatures leading to production of more male flowers (Wien, 1997b). 

In lettuce and spinach (Spinacia oleracea L.) high temperatures and long days induce flowering. Once the 
seed stalk starts to develop (referred to as bolting), crop quality declines significantly. Head lettuce cannot be 
sold at all, and leaf lettuce and spinach become tough and strong tasting. Thus, cultivars with greater resistance 
to bolting may need to be selected or production areas moved north as the climate warms. 

Some seed production and perennial vegetable production locations may need to be moved farther north. 
Biennial vegetables, which include some root crops and many cole crops, require specific periods of chilling 
during the winter to produce a seed crop the following season. Celery requires a cold period to produce seed the 
following season, and high temperatures during seed development may reduce seed quality (Pressman, 1997). In 
perennial crops, such as chive (Allium schoenoprasum L.), asparagus (Asparagus officinalis L.), and rhubarb 
(Rheum rhabarbarum L.), low temperatures over the winter are required before new growth is initiated in the 
spring (Krug, 1997). Assuming dormancy requirements are fulfilled at the proper time, however, a longer 
growing season might increase production in perennials. 

 

 
 
 

Fig. 8: Parts of a flower.   
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5.1.5 Reproductive development: 

 
High temperature affects reproductive development in two ways, both of which potentially reduce yields. 

Firstly, the rate of reproductive development is accelerated, which shortens the seed-filling period and the fruit 
maturation period. Generally, this results in lower individual seed and fruit weights and in some cases reduced 
concentrations of soluble solids in the fruit. In addition, in many crops the reproductive events themselves are 
prevented at temperatures only a few degrees above optimal. Reduced fruit set in tomato (Kinet and Peet, 1997) 
and pepper (Wien, 1997c) occurs as a result of high temperature. In pepper, fruit set was reduced at 27/21°C 
compared with 21/16°C and no fruit set occurred at 38/32°C. In tomato, high temperatures after pollen release 
decreased fruit set, yields and seed set in tomato even when pollen was produced under optimal conditions (Peet 
et al., 1997). 

 Overall, however, pre-anthesis stress appears to be more injurious than stress applied after pollen arrives on 
the stresses of 27 and 29°C were applied separately to male-sterile and male-fertile tomato plants of the same 
cultivar. Male-sterile plants receiving pollen from heat-stressed male fertiles had very reduced or no fruit set, 
regardless of the growth conditions of the male-sterile. Growth conditions of the male-steriles (i.e. female 
flowers parts and conditions after pollination) appeared to be less critical for yield .Reduced pollen release and 
impaired pollen function appeared to be the main factors accounting for yield and seed set reductions. The most 
sensitive period was 15 to 5 days before anthesis, and a duration of 10 days was required for an effect (Sato, 
1998). In additions, High temperature is most critical factor which can affect the pollen production, pollen 
viability and other reproductive mechanisms in tomato because reproductive structures of the tomato plants are 
highly responsive to temperature(Singh Ranjodh et al 2010). 

Other vegetables in which reproductive development is particularly sensitive to high temperatures include 
bean (e.g. Konsens et al., 1991; Davis, 1997) and cowpeas (Vigna unguiculata (L.) Walp. Subsp. unguiculata 
(L.) Walp.) (e.g. Ahmed et al., 1992). In pea (Pisum sativum L. subsp. Sativum temperatures above 25.6°C 
during bloom and pod set reduce flower and pod number and yields (Muehlbauer and McPhee, 1997). In maize 
(Wolfe et al., 1997), warm temperatures can reduce seasonal productivity by accelerating developmental rates, 
shortening vegetative and reproductive growth phases, reducing leaf area duration and reducing ear quality. 
 
5.1.6 Yields: 

 
Effects of high temperatures on agronomic crops have been reviewed by Boote et al. (1997). Declines in 

harvest index, seed size and mass and seed-growth rate are rapid as temperatures increase above a critical level. 
 Krug (1997) pointed out that increasing temperature generally increases the developmental rate, but the 

growth rate is not necessarily stimulated to the same degree. In an early maturing pea cultivar, increasing the 
temperature from 16 to 24°C increased the differentiation rate of nodes from emergence to the appearance of the 
first flower, but the growth rate was reduced, which reduced total dry matter and yields. Cultivars with a 
proportional increase in the rate of differentiation and the rate of growth as temperature increases should be less 
sensitive to temperature. In onion, warmer temperatures shortened the duration of growth, accounting for a 
negative correlation between elevated temperatures and crop yields (Daymond et al., 1997). 

Predicting which vegetables will be most affected by high temperatures is difficult. It has been suggested 
(Hall and Allen, 1993) that indeterminate crops are less sensitive to periods of heat stress because the time of 
flowering is extended compared with determinate crops. This is probably true for crops harvested at seed 
maturity. In fact, soybean, having no especially critical period in its development, is considered to have a great 
ability to recover from stress (Acock and Acock, 1993). Similarly, dry bean, winter squash (Cucurbita sp.) and 
pumpkin (Cucurbita sp.), which are harvested at maturity, should be relatively unaffected by temporary heat 
stress. These crops will usually keep flowering and setting fruit until a certain number of fruit develop on the 
vine. However, most vegetable crops that flower over an extended period, such as cucumber, snap bean, tomato 
and pepper, are harvested well before seed maturity. In bush snap bean and processing tomato, plants are 
mechanically harvested once and any pods or fruit that are too small or too large are discarded. Thus a period of 
heat that reduces seed set may cause considerable economic loss by making the crop less uniform in harvest 
maturity, even if recovery occurs later. Even in crops that are hand-harvested several times, a spread-out period 
of fruit set increases labour and packing costs, thus decreasing efficiency and possibly moving the crop out of its 
market ‘window’ of high demand. Thus, it could be argued that indeterminate crops also have a longer window 
of vulnerability to high temperatures, compared with crops such as maize, which are relatively insensitive to 
high temperatures except during the early stages of reproductive development (pollination and early seed 
development). 
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5.1.7 Cool-season crops: 

 
Cool-season crops, which are currently widely grown in the tropics, are most likely to be negatively 

affected by global warming. Cabbage grown at 25°C has a lower dry-matter content (and thus lower quality), a 
reduced growth rate, and lower water-use efficiency than cabbage grown at 20°C (Hara and Sonoda, 1982). 
Brussels sprouts require monthly temperatures of 17–21°C for 4 months, followed by 2 months of 12°C 
temperatures, during which sprouts develop. Thus not only cool weather, but also long, continuously cool 
weather is required (Wien and Wurr, 1997).Since night-time temperature minima may increase more than 
daytime maxima (Karl et al., 1991), additional night-time heat stress may be more of a factor than additional 
daytime heat stress. Cowpeas have been described as more sensitive to night-time than to daytime heat stress 
(Mutters and Hall, 1992) because they can tolerate temperatures of 30°C during the day, but not at night. Ahmed 
et al. (1992) noted premature degeneration of the tapetal layer and lack of endothecial development in cowpea, 
which they felt was responsible for the low pollen viability, low anther dehiscence and low pod set under 30°C 
night temperatures. Pepper fruit set has also been described as being more sensitive to high night temperatures 
than to high day temperatures (Wien, 1997c). 

 In a recent re-examination of this question, Peet et al. (1997) reported that when heat stress was applied to 
male sterile tomatoes provided with pollen from non-stressed plants, mean daily temperature, rather than high 
night temperature, was the main factor affecting fruit and seed yield. Similarly, Peet and Bartholomew (1996) 
did not observe a disproportionately large heat-stress response to night temperatures ranging from 18 to 26°C 
when daytime temperatures were the same (26°C). 
 
5.1.8 Fruit quality: 

 
High temperatures may also reduce fruit quality. Reduced sugar content in fruit, such as pea, strawberry and 

melon produced under warm nights is often attributed to increased night-time respiration, although it may also 
be caused by the shorter period over which the fruit develops at high temperatures (Wien, 1997b). Other 
disorders associated with high or low temperatures are shown in Table 1. 

 
Table 1: Physiological disorders of vegetables caused or exacerbated by high or low temperatures. Data summarized from  Wien (1997a). 

Crop Disorder Aggravating factor 
Asparagus High fiber in stalks Asparagus High fibre in stalks High temperatures 
Asparagus Feathering and lateral branch growth Temperatures > 32°C, especially if picking 

frequency is not increased 
Bean High fiber in pods High temperatures 
Carrot Low carotene content Temperatures < 10°C or > 20°C 
Cauliflower Blindness, buttoning, ricy curds Low temperatures 
Cauliflower Hollow stem, leafy heads High temperatures 
Broccoli no heads, bracting  
Cole crops and  
lettuce 

Tipburn Drought, especially combined with high 
temperatures; high transpiration 

Lettuce Tipburn, bolting, loose, 
puffy heads 

Temperatures > 17–28°C day and 3–12°C nigh 

Onion Bulb splitting High temperatures 
Pepper Low seed production and 

off-shaped fruit 
Low temperatures 

Pepper Sunscald High temperatures 
Potato Secondary growth  and heat 

sprouting 
High temperatures 

Tomato Fruit cracking, sunscald High temperatures 
Tomato, pepper 
watermelon 

Blossom-end rot High temperatures, especially combined with 
drought; high transpiration 

 
5.2 Effects of carbon dioxide: 

 
Plants have been directly affected by rising atmospheric CO2 concentration because they are the first 

molecular link between the atmosphere and the biosphere. Scaling carbon dioxide levels have the ability to 
affect all ecosystems, from microscopic cellular organisms to the macroscopic agro-ecosystems. CO2 has the 
potential to affect major physiological processes namely photosynthesis, respiration and transpiration. 

Greenhouse studies of carbon dioxide concentration ([CO2]) response are particularly problematic, since 
typical CO2 enrichment levels (1000 to 1200 mmol mol-1) are much higher than [CO2] predicted for the next 
century. Another problem with these studies is that greenhouses are not CO2 enriched during sunny weather 
because they must be ventilated for cooling, which prevents control of [CO2]. This problem also eliminates 
much of the value of CO2 enrichment for greenhouse production. 
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Fig. 9: Blossom-end rot (Tomato, pepper, watermelon ) High temperatures, especially combined with drought;  
             high transpiration 
 

 

 
 
Fig. 10: High fiber in stalks Asparagus and Hollow stem in Broccoli 
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Fig. 11:  Sunscald in pepper and Bulb splitting in  Onion 

 

  

  
 
Fig. 12: Tipburn, drought, especially combined with high temperatures; high transpiration in lettuce, celery and  
               Cole crops 

 
  

  
 
Fig. 13: Fruit cracking  and  sunscald in tomato 

 
Carbon dioxide concentration is increasing by at least 1.5 mmol mol-1 year-1 and will continue to rise even 

more rapidly for the next 50–100 years unless current patterns of fossil fuel consumption change. Wolfe (1994) 
and Drake et al. (1997) reviewed effects on plant physiology and growth under elevated [CO2]. 
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Fig. 14: Function of plant parts (Photosynthesis, respiration, leaf water exchange, and translocations of sugar in  
               plant 

 
In most crops, increased [CO2] improves water use efficiency (WUE) because of declines in stomatal 

conductance (e.g. Rogers and Dahlman, 1993), potentially decreasing drought susceptibility and reducing 
irrigation requirements. However, the effect of decreased transpiration on vegetable crop yields is unlikely to be 
large since vegetables are irrigated in most production areas. 

  Physiological disorders such as tipburn in lettuce (Lactuca sativa L. var.capitata L.) and Cole crops and 
blossom-end rot in tomato (Lycopersicon esculentum Mill syn. Lycopersicon lycopersicum (L.) Karsten.), 
pepper (Capsicum annuum L. Grossum group) and watermelon (Citrullus lanatus (Thunb.) Matsum & Nakai) 
are sometimes associated with excessive transpiration, so the incidence of these disorders may be reduced . 

Effects of elevated [CO2] on respiration have been reviewed recently (Amthor, 1997; Drake et al., 1997). 
Respiration of leaves and roots in the dark slows within minutes of an increase in ambient [CO2], so night-time 
respiration would be lower at high [CO2]. This direct,  short term and readily reversible effect of [CO2] on 
respiration has been noted in tomatoes, lettuce, peppers, peas and maize. It is apparently caused by inhibited 
respiration per se rather. than stimulated carboxylase  activity, but the specific mechanism(s) is not known. In 
theory, lower night-time respiration rates, especially when coupled with higher daytime photosynthetic rates at 
high [CO2], should increase growth and yield. Relatively little data is available on long-term effects of elevated 
night-time [CO2] on growth (Amthor, 1997). however, there can be no growth without respiration, so it is also 
possible that night-time inhibition of respiration could slow growth, as was seen in soybean given 2 days with 
elevated night-time [CO2] (Bunce, 1995). Inhibition of maintenance processes by elevated [CO2] might 
exacerbate the effects of some stresses by slowing acclimation and repair processes. For example, both high 
temperature in Cocklebur (Xanthium strumarium) and ozone stress in beans (Phaseolus vulgaris L.) may require 
enhanced leaf respiration for repair, and this repair might be impaired by elevated night-time [CO2] (Gale, 1982; 
Amthor, 1988, 1997). Amthor (1997).Concluded that respiratory decreases in elevated [CO2] will benefit plants 
only if the respiratory components inhibited are unnecessary, rather than essential. 

In a recent review of 167 studies on root response to elevated [CO2], Rogers et al. (1994) found that root 
dry weight increased in about 87% of the studies and plant roots were longer or more numerous in 77% of the 
studies. In cassava (Manihot esculenta Crantz), a tropical root crop, there was not only a large increase in 
growth (150%), but partitioning to the root was also increased. Overall, however, effects of CO2 enrichment on 
root/shoot ratio and partitioning have been highly variable and may differ between C3 and C4 crops (Rogers et 
al., 1997; Wolfe et al., 1998).  

Whether or not root/shoot ratios in mature plants are increased by high [CO2], rooting and establishment 
could be enhanced in both vegetatively propagated material and in transplants. Enhancement should result both 
from increased carbohydrate availability and from decreased stomatal conductance. For example, elevated 
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[CO2] during propagation increased root number and length in sweet potato slips (Bhattacharya et al., 1985). 
Since propagation and establishment are critical phases for many vegetable crops, especially in terms of 
increasing uniformity and early yield, increases in these processes from elevated [CO2] would be particularly 
valuable. 

 

 
 

Fig. 15:  Carbon cycle 
 
Rogers et al. (1997) and Boote et al. (1997) have recently reviewed effects of elevated [CO2] on plant 

nutrition. By increasing plant size, elevated [CO2] increases total nutrient uptake. Since nutrients are distributed 
over a larger plant, however, the concentration per unit weight is reduced. Nutrient use efficiency (unit of 
biomass produced per unit of nutrient) generally increases under elevated [CO2], while nutrient uptake 
efficiency (unit of nutrient per unit weight of root) generally declines (e.g. Sritharan et al. (1992), in kohlrabi 
(Brassica oleracea L. var. gongylodes L.). Conroy (1992) and Wolfe et al. (1998) concluded that the greatest 
absolute increases in productivity as a result of elevated [CO2] exposure will occur when soil N and P 
availability are high. 

Nitrogen shortage does not preclude an elevated [CO2] effect on growth, but in some C3 plants low P can 
eliminate a high CO2 response. For maximum productivity of C3 crops, higher P levels may be required but the 
N requirement may be lower. Sritharan et al. (1992) concluded that [CO2] enrichment would negatively affect 
kohlrabi growth at a low P supply. Conversely, Boote et al. (1997) concluded that [CO2] enrichment response 
will be similar over a range of fertility levels. Radoglou and Jarvis (1992) found that [CO2] enrichment 
increased growth of bean seedlings even when plants were grown in a nutrient-poor medium. In any case, 
vegetables, which are considered high value crops, usually receive ample to excess fertilization, and nutrients 
are not likely to limit [CO2] response in most production systems. 

On the other hand, Excessive soil salinity reduces productivity of many agricultural crops, including most 
vegetables which  are particularly sensitive throughout the ontogeny of the plant.  According to the United 
States Department of Agriculture (USDA), onions are sensitive to saline soils, while cucumbers, eggplants, 
peppers, and tomatoes, amongst the main crops of AVRDC - The World Vegetable Center, are moderately 
sensitive.  In hot and dry environments, high evapotranspiration results in substantial water loss, thus leaving 
salt around the plant roots which interferes with the plant’s ability to uptake water.  Physiologically, salinity 
imposes an initial water deficit that results from the relatively high solute concentrations in the soil, causes ion-
specific stresses resulting from altered K+/Na+ ratios, and leads to a build up in Na+ and Cl- concentrations that 
are detrimental to plants (Yamaguchi &  Blumwald 2005).   

Although no vegetables are true halophytes, celery and tomatoes can tolerate higher salinity levels 
compared with other vegetables. Salt tolerance appears to rise as [CO2] is increased .Ball and Munns (1992) 
summarized the literature as indicating: (i) that the [CO2] growth response is higher under moderate salt stress 
than under optimal salinity; (ii) that water use efficiency usually increases at higher [CO2]; and (iii) that leaf salt 
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concentrations are similar in plants grown in both enriched and ambient [CO2].Thus, it may be possible to grow 
vegetables with some salt tolerance in higher salinity.   

Vegetable yields should show at least moderate increases with elevated [CO2].In addition, responses of four 
glasshouse crops  cucumber (Cucumis sativus L.), pepper, tomato and eggplant (Solanum melongena L.) to CO2 
enrichment have been studied by Nederhoff (1994) in the Netherlands. In cucumber given [CO2] of 620 mmol 
mol-1, fresh-weight fruit harvest increased by 34% compared with a crop grown at 364 mmol mol-1. Two-thirds 
of this increase was caused by a greater number of harvested fruits and one-third by an increased average fruit 
weight. In pepper, increasing [CO2] from 300 to 450 mmol mol-1 increased fruit production by 46%. One-third 
of this increase was caused by a shift in allocation, and the remaining two-thirds was caused by increased CO2 
assimilation rate. 

Disorders of leaf and shoot growth occurred in CO2-enriched tomato and eggplant. Depending on the 
incidence of the short-leaf syndrome in tomatoes, yield increases varied from 0 to 31%. In eggplant, yield 
increases were 24% even though active leaf area was reduced. Fruit quality was not affected by [CO2] 
enrichment in any of the greenhouse crops in the study. In a greenhouse tomato study in Raleigh, North 
Carolina, USA, cooling was used to increase the length of time the tomatoes could be [CO2] enriched. While 
yield increases of up to 35% were seen, they occurred only if the duration of enrichment was at least 90% of the 
daylight hours (Willits and Peet, 1989). In two onion (Allium cepa L. Cepa group) cultivars (Daymond et al., 
1997), an increase in [CO2]shortened time to bulbing, but the time from bulbing to bulb maturity was delayed. 
For the two cultivars at elevated [CO2], increases in bulb yield of 28.9–51% were due to an increase in the rate 
of leaf area expansion and the rate of photosynthesis during the pre bulbing period as well as (or in addition to) 
the longer duration of bulbing. 

 
5.3 - Interactions of high temperature and carbon dioxide: 

 
Temperature increases from global warming will occur simultaneously with [CO2] increases, and the 

interaction has been suggested by a number of researchers (e.g. Idso et al., 1987) to be beneficial. In a number 
of species, the response of vegetative growth to CO2 enrichment increases with temperature (Boote et al., 1997), 
presumably because the plants are better able to utilize additional carbohydrate when growth rates are more 
rapid and this minimizes downward acclimation to [CO2] (Wolfe et al., 1998). The upper range for the 
stimulation of [CO2] response with elevated temperature response has been reported as high as 34°C and as low 
as 26/20°C (Boote et al., 1997). In a study of four crops in the UK – wheat (Triticum aestivum L.), onion, carrot 
and cauliflower . Wheeler et al. (1996) found that wheat yield gains from an increase in [CO2] to about 700 
mmol mol-1 were offset by mean seasonal temperatures of only 1.0 and 1.8°C warmer in each of 2 years. 
Temperature increases of 2.8 and 6.9°C in two onion cultivars was required to offset the yield gains at [CO2] of 
560 mmol mol-1. of the four crops studied, larger yield increases in high [CO2] were observed in crop species 
with higher harvest indices in current climates. 

 

 
 

 
 

Fig. 16: Stomatal closure from high [CO2] may reduce water losses, thereby decreasing the adverse effects of  
               increased transpiration at higher temperatures. 

 
Warmer temperatures reduced the duration of crop growth, and hence yield, of determinate crops such as 

winter wheat and onion. However, yield of carrot, which is an indeterminate crop, increased progressively with 
temperature over the range used in the study (Wheeler et al., 1996). In two onion cultivars (also grown in the 
UK), Daymond et al. (1996) found that an increase in bulb yield due to a rise in [CO2] from 374 to 532 mmol 
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mol-1 was offset by a temperature warming of 8.5–10.9°C in one cultivar but only a 4.0–5.8°C increase in 
another cultivar. They suggested that the difference in cultivar responses was due to the temperature-sensitive 
cultivar (i.e. requiring only a 4.0–5.8°C temperature increase to offset [CO2] increases) being a short-season 
type. Thus, global climatic change may affect relative cultivar performance, and with altered [CO2] and 
temperatures additional cultivar trials may be required. 

Stomatal closure from high [CO2] may reduce water losses, thereby 
decreasing the adverse effects of increased transpiration at higher temperatures. In addition, this closure 

protected photosynthesis from the effects of ozone (Reid and Fiscus, 1998) and possibly other pollutants (Allen, 
1990). On the other hand, transpiration also has a cooling effect on leaf temperature. If transpirational cooling is 
reduced, leaves could become more vulnerable to heat stress. 

Beneficial effects of elevated [CO2] may not carry over to yields in all crops. Mitchell et al. (1993) found 
that a 4°C increase in temperature decreased wheat yield significantly, whether grown in elevated [CO2] or not. 
In cauliflower (Wheeler et al., 1995), no interaction between [CO2] and temperature on total biomass was 
detected in final harvests. The total dry weight of plants grown at 531 mmol CO2 mol-1 was 34% greater than 
from those grown at 328 mmol mol-1, whereas a 1°C rise reduced dry weight by 6%. Boote et al. (1997) 
concluded that in a number of crops (including rice, wheat and soybean), high temperature damage on 
reproductive growth is not offset by CO2 enrichment. This was despite predictions based on the beneficial 
effects of CO2 enrichment on vegetative growth at high temperatures. 

To the extent that global warming increases the frost-free period, more warm-season crops could 
presumably be grown in northern areas. If spring time temperatures increase, farmers may plant earlier, and/or at 
higher altitudes and latitudes. Such plantings will be exposed to similar risks of chilling and frost as in their 
current production areas. Effects of elevated [CO2] on low-temperature tolerance are poorly understood: some 
reports indicate that high [CO2] mitigates (Boese et al., 1997) while others report that it increases low-
temperature sensitivity (Lutze et al., 1998). 
 
6. Case Study: 
 
6.1 Potato: 
 
 6.1.1 Response to temperature: 

 
Short photoperiods (i.e. long nights) and cool temperatures induce tuber formation in potato (Ewing, 1997).  
 

  
 

Fig. 17:  Short photoperiods (i.e. long nights) and cool temperatures induce tuber formation in potato 
 
Potato yields are particularly sensitive to high-temperature stress because tuber induction (Reynolds and 

Ewing, 1989; Gawronska et al., 1992) and development (Krauss and Marschner, 1984) can be directly inhibited 
by even moderately high temperatures. There is an interaction between photoperiod and temperature: the higher 
the temperature, the shorter is the photoperiod required for tuberization for any given genotype (Snyder and 
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Ewing, 1989). High temperatures can also adversely affect tuber quality by causing ‘heat sprouting’ which is the 
premature growth of stolons from immature tubers (Wolfe et al. 1983; Struik et al., 1989). 

Although photosynthesis in potato is repressed by high temperature (Kuet al., 1977), it is often not as 
sensitive to temperature as are tuberization and partitioning of carbohydrates to the tuber reproductive  

 

  
 

 
Fig. 18: High temperatures affects tuber quality by causing ‘heat sprouting and secondary growth 

 
sink (Reynolds et al., 1990; Midmore and Prange, 1992). Therefore, moderately high temperatures can 
significantly reduce tuber yields even when photosynthesis and total biomass production are relatively 
unaffected. In their comprehensive study, Reynolds and Ewing (1989) documented a distinction between the 
effects of air and soil temperature on potato physiology and yield. Cooling the soil (17–27°C) at high air 
temperatures (30–40°C) neither relieved any of the visible symptoms of heat stress on shoot growth nor 
repressed the tuberization induction signal from the leaves. This was reflected in the lack of tuberization by leaf-
bud cuttings. Heating the soil (27–35°C) at cool air temperatures (17–27°C) had no apparent detrimental effect 
on shoot growth or induction of leaves to tuberize. However, in each case, hot soil essentially eliminated tuber 
development. They concluded that the induction of leaves to tuberize is affected principally by air rather than 
soil temperature, but that expression of the tuberization signal from the leaves can be blocked by high soil 
temperature. There are various morphological responses of potato to high temperature (Ewing, 1997) in addition 
to reduction in tuber number and size. 
 

  
 
Fig 19: High temperature can reduce yields by affecting ability of seed tubers to sprout 

 
Plants grown under high temperature are taller, with longer internodes. Leaves tend to be shorter and 

narrower, with smaller leaflets, and the angle of the leaf  to the stem is more acute. Axillary branching at the 
base of the main stem increases, more flowers are initiated, and fewer flower buds abscise . At warm 
temperatures, compared with cool ones, leaf and stem dry weights often increase (at the expense of tuber 
growth), and the leaf/stem ratio decreases. 
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Fig 20 : Parts of potato plant and Plants grown under high temperature are taller, with longer internodes 
 
Considerable genetic variability in response to high temperature has been reported for potato. Reynolds et 

al. (1990) observed significant differences in photosynthetic response to a 9-day heat treatment (40/30°C 
day/night temperature) among several accessions reported to vary in temperature sensitivity. The differences in 
photosynthetic rates were attributed to a number of factors, including temperature effects on leaf chlorophyll 
loss and senescence rate, stomatal conductance, and dark reactions of photosynthesis. 

Snyder and Ewing (1989) compared six cultivars and noted a tendency for the tuberization of early-
maturing types to be less negatively affected by high temperatures (30/25°C day/night) than were late-maturing 
varieties, in which raising the temperature caused up to a 50% reduction in tuber dry weight. Reynolds and 
Ewing (1989) also reported genotypic variation in tuberization after exposure to high temperatures among the 
319 accessions they tested. The challenge for breeders in attempting to develop heat-tolerant potato varieties is 
that a genotype possessing tolerance to one aspect of heat stress may not necessarily be tolerant to other aspects. 
High temperature can reduce yields by affecting ability of seed tubers to sprout, photosynthetic or dark 
respiration rates, tuberization, partitioning of assimilates to developing tubers, and other processes, each of 
which may be under separate genetic control. There are also secondary reactions to stress, such as resistance to 
drought and increased disease pressure, that often are concomitant with high temperatures. 
 
6.1.2 Response to [CO2]: 

 
Potato possesses the C3 photosynthetic pathway, and the tubers are a large ‘sink’ for carbohydrates. 

Typically, as much as 70–80% of total dry weight at maturity is in the tubers (Wolfe et al., 1983). Several 
reviews of the CO2-enrichment literature have concluded that sustained stimulation of photosynthesis by 
elevated [CO2] is most likely in C3 plant species, such as potato, which have a large, indeterminate sink capacity 
for photosynthetic (Stitt, 1991; Wolfe et al., 1998). The experimental data for potato have not always 
corroborated this hypothesis, however.  

Wheeler and Tibbits (1989) found that raising the [CO2] to 1000 mmol mol-1 increased tuber yield by only 
2% and 12% for the varieties Norland and Russet Burbank, respectively. Goudriaan and de Ruiter (1983) 
reported a slight reduction in yield of potato grown at elevated – compared with ambient [CO2], particularly 
when nutrients limited growth potential. They also observed mild leaf damage associated with starch 
accumulation (reflecting insufficient sink capacity) in plants grown in high [CO2]. All of these studies were 
conducted in growth chambers or greenhouses, and the observed variation in [CO2] response may in part be 
attributable to variation in pot size used, which can affect below-ground sink capacity and the magnitude of 
downward acclimation of photosynthesis at elevated [CO2] (Arp, 1991; Sage 1994). In one study (Wheeler et 
al., 1991) in which a relatively large pot size (19 L) was used and plants were grown at [CO2] of 1000 compared 
with 350 mmol mol-1, the varieties Norland, Russet Burbank and Denali had yield increases of 23, 35 and 40%, 
respectively. 
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Fig. 21: Photosynthesis is a chemical process by which plants takes in carbon dioxide from the atmosphere to  
               produce food and oxygen 

 
A comprehensive evaluation of genotypic variation in potato yield response to [CO2] under field conditions 

and with unrestricted rooting volume is needed. We have conducted experiments for one growing season with 
potato (var. Katahdin) in the field (Arkport fine sandy loam soil) in canopy chambers and found a yield benefit 
of about 70% at 700 compared with 350 mmol CO2 mol-1 at ambient (non-stress) temperature  
6.1.3 Temperature &atmospheric [CO2] interaction: 

 
There have not been many studies with potato in which both [CO2] and temperature were manipulated and 

the interaction evaluated. Cao et al. (1994) reported a greater tuber yield benefit from CO2 enrichment (1000 
compared with 500 mmol mol-1) at a constant 20°C temperature compared with 16°C.This may reflect one of 
the most important and most frequently observed [CO2] temperature interactions: the stimulation of C3 
photosynthesis by elevated [CO2] increases as temperatures increase within the non-stress temperature range 
(e.g. 15–30°C). A primary reason for this is that as temperatures increase, oxygenation by the key 
photosynthetic enzyme, Rubisco, increases relative to carboxylation, thereby increasing the benefit from CO2 
enrichment (Jordan and Ogren, 1984).The effect of elevated [CO2] on yield response to heat stress will be 
particularly important to potato farmers in regions where an increase in the frequency of high-temperature stress 
events occurs concomitantly with an increase in [CO2].  

 
7. Adapt to (inevitable) climate change impacts: 

 
Success in mitigating climate change depends on how well agricultural crops and systems adapt to the 

changes and concomitant environmental stresses of those changes on the current systems. Farmers in developing 
countries of the tropics need tools to adapt and mitigate the adverse effects of climate change on agricultural 
productivity, and particularly on vegetable production, quality and yield. In addition, development of production 
systems geared towards improved water-use efficiency and expected to mitigate the effects of hot and dry 
conditions in vegetable production systems are top research and development priorities. 

 
Enhancing Vegetable Production Systems:  

 
Various management practices have the potential to raise the yield of vegetables grown under hot and wet 

conditions of the lowland tropics. AVRDC – The World Vegetable Center has developed technologies to 
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alleviate production challenges such as limited irrigation water and flooding, to mitigate the effects of salinity, 
and also to ensure appropriate availability of nutrients to the plants 
 
Water-saving irrigation management: 

 
The quality and efficiency of water management determine the yield and quality of vegetable products.  The 

optimum frequency and amount of applied water is a function of climate and weather conditions, crop species, 
variety, stage of growth and rooting characteristics, soil water retention capacity and texture, irrigation system 
and management factor (Phene 1989).   
 
Cultural practices that conserve water and protect crops:  

 
Various crop management practices such as mulching and the use of shelters and raised beds help to 

conserve soil moisture, prevent soil degradation, and protect vegetables from heavy rains, high temperatures, 
and flooding.   
 
Improved stress tolerance through grafting: 

 
Grafting vegetables originated in East Asia during the 20thcentury and is currently common practice in 

Japan, Korea and some European countries. Grafting, in this context, involves uniting of two living plant parts 
(rootstock and scion) to produce a single growing plant.   

It has been used primarily to control soil-borne diseases affecting the production of fruit vegetables such as 
tomato, eggplant, and cucurbits. However, it can provide tolerance to soil-related environmental stresses such as 
drought, salinity, low soil temperature and flooding if appropriate tolerant rootstocks are used. 

   
Developing Climate-Resilient Vegetables: 

 
Improved, adapted vegetable germplasm is the most cost-effective option for farmers to meet the challenges 

of a changing climate. However, most modern cultivars represent a limited sampling of available genetic 
variability including tolerance to environmental stresses. Breeding new varieties, particularly for intensive, high 
input production systems in developed countries, under optimal growth conditions may have counter-selected 
for traits which would contribute to adaptation or tolerance to low input and less favorable environments. 

   
Tolerance to high temperatures:  

  The key to achieving high yields with heat tolerant cultivars is the broadening of their genetic base 
through crosses between heat tolerant tropical lines and disease resistant temperate or winter varieties   More 
heat tolerant varieties are required to meet the needs of a changing climate, and these must be able to match the 
yields of conventional, non-heat tolerant varieties under non-stress conditions. A wider range of genotypic 
variation must be explored to identify additional sources of heat tolerance.   
 
 Drought tolerance and water-use efficiency:  

 
Plants resist water or drought stress in many ways.  In slowly developing water deficit, plants may escape 

drought stress by shortening their life cycle (Chaves & Oliveira 2004).  
Transfer and utilization of genes from these drought  resistant species will enhance tolerance of vegetable 

crops  to dry conditions. 
 

Tolerance to saline soils and irrigation water: 
 
Attempts to improve the salt tolerance of crops through conventional breeding programs have very limited 

success due to the genetic and physiologic complexity of this trait (Flowers 2004). In addition, tolerance to 
saline conditions is a developmentally regulated, stage-specific phenomenon; tolerance at one stage of plant 
development does not always correlate with tolerance at other stages (Foolad 2004). Success in breeding for salt 
tolerance requires effective screening methods, existence of genetic variability, and ability to transfer the genes 
to the species of interest. Screening for salt tolerance in the field is not a recommended practice because of the 
variable levels of salinity in field soils.   
 
 
 
 



4379 
J. Appl. Sci. Res., 8(8): 4359-4383, 2012 

 
9. Recommendations: 

 
It could be recommended that the scientists in developing countries should be working on how they could 

mitigate and adapted the climate change in agriculture because the agriculture is a major source for income. 
Thus, the researchers should  carrying  out  their research on  development  varieties of crop plants which can 
successfully grow under conditions of drought stress, water scarcity, heat stress and higher levels of water and 
soil salinity, as well as being inherently resistant to certain diseases and pests. Also, to change planting dates of 
vegetable crops to suit the new weather conditions and the cultivation of varieties in the appropriate climatic 
zones to increase the yield from the water unit. 
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