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Introduction                                                  
                                  

                  Maize (Zea mays L.), as one of the major staple food crop contributes to 

food and economic security in most of the developed and developing countries 

(CIMMYT, 2014). It contributes maximum among the food cereal crops, i.e. 40 % 

annually in the global food production (DMR, 2012). Among the world’s maize 

growing countries, USA is the largest producer which contributes nearly 35% of the 

total maize production followed by China with more than 20% production with same 

acreage as of USA (Dass et al., 2012). Together with rice and wheat, maize provides 

30% of the food calories to more than 4.5 billion people in 94 developing countries   

(Renard, 2014). Globally, maize is grown on more than 160 Mha area across 166 

countries in a wide variety of soil, climate, biodiversity and management practices 

(Meena et al., 2014). It is considered to be originated at Central America and Mexico 

(Wilkes, 1979). Its production in India occurred around the beginning of the 

seventeenth century, during the early days of the East India Company. The 

importance of maize lies in its wide industrial applications besides serving as human 

food and animal feed. Maize is primarily used for feed (60%), followed by human 

food (24%), industrial (starch) products (14%), beverages and seeds (1% each) 

(DMR, 2012). Among the major maize producing states in India, Andhra Pradesh 

tops the list with the contribution of 21.64% to the total Indian maize production 

followed by Karnataka (15.43%) and Bihar (10.48%) (Anon., 2014a). The growing 

demand of maize in poultry and livestock sectors, non- vegetarian population and 

changing food habits suggests that in India demand of maize will increase from 

current level of 22 mt to 45 mt by 2030 (DMR, 2013). To meet the growing demand, 

enhancement of maize yield in coming years across all the growing locations in India 

is the big challenge in the era of climate change. 

                           As a result of climate change, the global surface temperature 

increase by the end of the 21st century is likely to exceed 1.5°C relative to 1850 and 

CO2 concentration has been projected to reach 560 ppmv by 2050 (IPCC, 2013). 

Many studies have reported the effect of elevated temperature (Naveed et al., 2014; 

Rahman et al., 2013; Cairns et al., 2012; Suwa et al., 2010) and CO2 (Vaughan et al., 

2014; Hussain et al., 2013; Twine et al., 2013; Chun et al., 2011) on various 
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physiological and biochemical characters of maize, but effect of elevated temperature 

and CO2 in combination on disease tolerance potential of maize needs a systematic 

study. 

In tropical and temperate regions, 61 diseases in maize have been reported (Payak 

and Sharma, 1981). Of these diseases, maydis leaf blight (MLB), also known as 

southern corn leaf blight, caused by the fungus Bipolaris maydis (Nisikada and 

Miyake) Shoemaker is a major disease of maize. It has potential to reduce the grain 

yield up to the extent of 70% in susceptible cultivars (Nasir et al., 2012).  MLB was 

first reported by Drechsler (1925) on maize in Florida and teosinte in the Philippines. 

In India, the disease was first reported by Munjal and Kapoor (1960) from the 

specimens collected from Malda region (West Bengal) by Butler in 1905. Maydis 

leaf blight is also known as southern corn leaf blight due to its prevalence in the 

southern region of United States of America. MLB has been reported from most 

maize growing regions of the world and in our country it has been found in almost all 

maize growing areas.  

Symptoms of MLB vary according to the causal race and host germplasm. Pathogen 

causing MLB has been reported to have three races, viz. race ‘T’, race ‘O’ and race 

‘C’, of which, ‘O’ is prevalent in India (Singh et al., 2014). Lesions produced by race 

‘O’ are initially small and diamond shaped. They elongate as they mature, but growth 

of lesions are restricted by leaf veins. Ultimate lesions are rectangular (26 × 322 

mm), restricted by leaf veins, and tan in colour. Lesions caused by isolates of race 

‘O’ are restricted to leaves. Lesions caused by race ‘T’ are oval and slightly larger 

(612 × 627 mm) than those caused by race ‘O’. Lesion borders are characterized 

by dark, brown borders. Race ‘T’ causes lesions on all above ground parts of the 

plant including stem, sheaths and ears. It can also cause ear rots.   

Warm (21º
 
to 32ºC temperature) and high humidity (more than 80%) conditions are 

most favourable for incidence of MLB. In India, MLB disease occurs in kharif (June 

to September) maize when the climate is hot and humid and is prevalent in Jammu & 

Kashmir, Himachal Pradesh, Sikkim, Meghalaya, Punjab, Haryana, Rajasthan, Delhi, 

Uttar Pradesh, Bihar, Madhya Pradesh, Gujarat, Maharashtra, Andhra Pradesh, 

Karnataka and Tamil Nadu (Shekhar and Kumar, 2013). The fungi overwinters in 

infected crop debris and therefore regions where infected crop debris overwinters and 

where maize is cultivated continuously, are at high risk. 
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Since weather determines the development of MLB disease, the increasing 

temperature and CO2 levels due to climate change may affect the development of 

disease in coming decades and also it can change the morphological, physiological 

and biochemical characteristics of maize, which may alter ecological interaction 

between the MLB pathogen and maize.  

In India, although studies related to impact of elevated temperature and CO2 on 

growth and yield of maize has been done, however impact of elevated temperature 

and CO2 on response of maize crop to diseases has to be undertaken. 

                         Keeping these views in mind, the present research work entitled 

“Effect of elevated temperature and carbon dioxide on tolerance potential of maize to 

maydis leaf blight disease” was undertaken with the following objectives: 

1. To assess impact of elevated temperature and carbon dioxide on maydis leaf 

blight disease development on resistant and susceptible genotypes of maize.  

2. To assess impact of elevated temperature and carbon dioxide on maydis leaf 

blight disease tolerance potential of maize. 

 

 

 

 

 



Chapter-2 
 

REVIEW OF LITERATURE 



  Review of Literature……...   
 

9
 

 

Review of Literature 

 

           Global food production has to must increase by 50% to meet the projected 

demand of the world’s population by 2050 (Chakraborty and Newton, 2011), but due 

to effect of climate change the production is going to be affected severely 

(Sakschewski et al., 2014). Recent studies have shown that global atmospheric 

carbon dioxide (CO2) has increased by 40% since pre-industrial times, primarily 

from fossil fuel emissions and secondarily from net land use change emissions. 

Rising of atmospheric CO2 has caused the global average surface temperature to 

increase by 0.89°C ± 0.2°C over the 19012012 period, while relative to the average 

from year 1850 to 1900, global surface temperature change by the end of the 21
st
 

century is projected to likely exceed 1.5°C for different Representative Concentration 

Pathways (RCPs) like RCP 4.5, RCP 6.0 and RCP 8.5 (IPCC, 2013). 

Both elevated temperature and carbon dioxide affects growth, physiology and yield 

parameters of plants (Sicher and Bunce, 2015). Many studies have been done to 

assess the effect of elevated temperature and carbon dioxide level on various 

parameters of the crop plants in different regions of the world. Studies report that 

both, natural and cultivated plants are affected by elevated CO2 (Norby and Luo, 

2004; Jablonski et al., 2002; Kimball, 1983) and high temperature (Morecroft and 

Paterson, 2006; K¨orner, 2006). Elevated atmospheric CO2 has positive effects on 

crop growth and productivity, both in terms of quantity and quality, by increasing 

photosynthesis and water use efficiency and decreasing transpiration through 

reducing stomatal conductance (Long et al., 2004). Contrary to this, elevated 

temperature has negative impact on growth of plants including respiratory losses 

(Aiken, 2009), poor germination rate (Peacock and Heinrich, 1984) and decreased 

grain yield potential (Zinn et al., 2010; Prasad et al., 2006). 

Crop species are directly affected by increased atmospheric CO2, which changes the 

physical structure of plants and carbon : nitrogen balance (Torbert et al., 2004) and 

in turn, affects growth, yield (Kimball et al., 2002), tolerance to drought stress 

(Robredo et al., 2007) and susceptibility to pests and herbivores (Heagle, 2003). 

Despite abundant evidence about the direct effect of elevated temperature and carbon 

9 
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dioxide on crop plants, we still need a more thorough understanding of their impact 

on plant diseases in agricultural ecosystem to predict and plan for disease pressure 

under future climatic condition. For a plant disease to occur, a pathogen, a host plant 

and favourable environmental conditions must be present over a certain period of 

time (Agrios, 2005). This is known as disease triangle (Figure 2.1). Thus, 

environmental conditions are a prime factor in disease development on host plant, so 

crop plant response to disease and pest will be certainly affected due to climate 

change (elevated temperature and carbon dioxide level) over a period of time. 

 

 

Figure 2.1: The plant disease triangle 

 

2.1 Effect of elevated temperature on crops 

Elevated temperature has detrimental effect on crop growth and productivity. Effect 

of elevated temperature on different crop species has been assessed in different crops 

(wheat, pearl-millet, maize, sugarcane, tomato, groundnut, rice, sorghum, soybean 

etc.) and has been summarized in Table 2.1. 

 

10 



  Review of Literature……...   
 

1
1
 

 

Table 2.1: Impact of elevated temperature on crops 

Parameter Plant species Impact References 

Seed germination, seedling 

emergence and its 

establishment 

Wheat,  

Pearl-millet, 

Maize 

↓ Grass and Burris, 1995; 

Ashraf and Hafeez, 2004; 

Wahid et al., 2007 

Biomass, leaf area, 

photosynthesis and enzyme 

activity 

Maize ↓ Kim et al., 2007 

Shoot dry weight, net 

assimilation rate (NAR) and 

relative growth rate (RGR) 

Sugarcane, Pearl-

millet, Maize 

↓ Ashraf and Hafeez, 2004; 

Wahid , 2007 

Increased flower abortion 

and decreased seed size 

Groundnut ↓ Talwar et al., 1999 

Photosynthesis, leaf area, 

shoot and grain biomass , 

sugar content of kernels 

Wheat ↓ Shah and Paulsen, 2003 

Cell water relations Sugarcane, 

Tomato, Wheat, 

Sorghum 

↓ Wahid and Close, 2007; 

Mazorra et al., 2002; Machado 

and Paulsen, 2001 

 

Activity of  RUBISCO in C3 

and C4 plants 

 

Maize, Wheat, 

Cotton, Jojoba, 

Tobacco 

↓ Salvucci and Crafts-Brandner, 

2004; Crafts-Brandner and 

Salvucci, 2000,2002; Law and 

Crafts-Brandner, 1999 

Structure of thylakoid 

membrane 

Maize ↓ Karim et al., 1997 

Enhances chlorophyllase 

activity and decreased 

photosynthetic pigments 

concentrations 

Mouse ear cress ↓ Todorov et al., 2003 

Respiratory losses of 

photosynthates and increased 

crop pest interactions 

Wheat, Soybean, 

Rice, Sorghum, 

Maize 

↓ Aiken, 2009 

↑- Positive impact; ↓- Negative impact 
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2.2 Effect of elevated CO2 on crops 

The primary response of plants to elevated CO2 is increase in photosynthetic rate and 

reduced stomatal conductance (Ainsworth and Rogers, 2007). The increase in 

photosynthetic rate occurs because Rubisco is not saturated at ambient CO2 level in 

C3 plants. Numerous studies have been done to assess the effect of rising 

atmospheric CO2 level and the studies indicate that rate of leaf stomatal conductance 

will decrease, primarily as an adaptive response to conserve water (Buckley & 

Schymanski, 2014). Plants generally exhibit reduced stomatal conductance in 

elevated CO2 level. Lower stomatal conductance results in reduced water loss from 

transpiration and C3 plants shows a greater response to elevated CO2 compared to C4 

plants (Grossman and Rice, 2014). Ainsworth and Long (2005) reported that 

exposure to elevated CO2 level resulted in 31% increase in photosynthetic rate and 

28% increase in diurnal photosynthetic carbon assimilation. Increasing atmospheric 

CO2 concentration will increase the photosynthetic rate in C3 plants but C4 plants are 

less responsive to elevated concentration of CO2 as they have evolved with the 

mechanism to concentrate CO2 in the leaf mesophyll (Ghannoum, 2009). At elevated 

CO2 a ‘fertilization effect’ stimulates plant growth and productivity and changes 

plant morphology, canopy architecture, anatomy, physiology, chemical composition 

and gene expression profile (Braga et al., 2006; Matros et al., 2006; Sinha et al., 

2009). Morphological changes at elevated CO2 including increased plant height, 

number of branches and tillers, and number, thickness and area of leaves all lead to 

an enlarged canopy. These and other changes in canopy size, density and architecture 

influence canopy microclimate (Sauer et al., 2007). Under elevated CO2 level dry 

mass per unit of leaf N increases. For example, in rice, the critical N concentrations 

were 4% at ambient CO2 level, but when it was doubled the critical level decreased 

to 2.8% (Aben et al., 1999). Response of plants to elevated CO2 concentration on 

various parameters has been summarized in Table 2.2. It can be concluded that both 

C3 and C4 plants are benefitted by increase in concentration of CO2 level but positive 

effect is more pronounced in case of C3 plants than C4 plants, but findings are also 

available which shows that C4 plants are not at all benefitted. For example, Leaky et 

al. (2009) reported that when maize was grown without drought stress at high 

concentration of CO2 level (550 ppm), then there was no effect on photosynthetic 

rate, plant growth, yield and biomass. 
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2.3 Combined effects of elevated temperature and CO2 on crops 

Understanding how plants respond to simultaneous increases in atmospheric CO2 and 

temperature is a central topic of climate change. Crop responses to elevated CO2 are 

dependent on temperature (Wheeler et al., 1994). Both CO2 and temperature as 

environmental factors affect crop yields, in terms of seed quantity and quality. These 

two factors affect various aspects of plants such as growth, physiological and 

biochemical process from ecosystem, and even to the biome level (Milcu et al., 

2012). The increase in plant growth and leaf area under elevated CO2 may be 

confounded by the above optimum temperature. Baker et al. (1989) reported that in 

soybean, increased plant growth with high CO2 concentration decreases remarkably 

with high temperature. Lower stomatal conductance under elevated CO2 may 

provoke heat damage in plants under high temperatures (Warren et al., 2011). 

Wang et al. (2012) studied the combined effect of elevated temperature and CO2 by 

grouping the different plant species according to photosynthetic pathway (C3 and 

C4), functional types, growth forms and economic purposes. They found that at 

elevated CO2 (>560 ppm) there was enhanced photosynthesis at ambient 

temperature, elevated temperature (ambient temperature  1.46C) and heat stress 

(ambient temperature >8C) in C3 species. On the other hand, in C4 species elevated 

CO2 (>560 ppm) had no effect at ambient temperature, a positive effect at elevated 

temperature (ambient temperature  1.46C) and a negative effect at heat stress 

(ambient temperature >8C) condition. Positive effect of elevated CO2 on net 

photosynthesis was greater for legumes than for non-legumes in heat stress, for non-

crops than crops at elevated temperature and for woody and herbaceous species at 

elevated temperature and heat stress. Total, above and below-ground biomasses were 

increased by elevated CO2 for most species groups at all temperatures except for C4 

species and below-ground biomass of legumes at heat stress condition. A general 

schematic illustration of the combined effects of elevated CO2 and temperature on 

plant growth, physiology and nutrient allocation is shown in Figure 2.2. 

Photosynthesis may be increased through increase in Rubisco carboxylation and the 

decrease in photorespiration under elevated CO2 (Long et al., 2004; Ainsworth and 

Rogers, 2007). However, higher temperatures above the optimum may inhibit 

carboxylation (Yu et al., 2012). Dark respiration sensitivity may depend on 
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acclimation to high temperature, despite the plant functional group (Campbell et al., 

2007; Smith and Dukes, 2013).Water use efficiency may be increased by CO2 

enrichment through decreased stomatal conductance (Long et al., 2004) and density 

(Teng et al., 2006), which would be negated by warming through enhanced 

temperature (Warren et al., 2011; Maestre et al., 2012). It is hypothesized that 

elevated CO2 may alleviate the damage done to photosynthesis by higher 

temperatures because with higher CO2 concentrations there is a synergistic 

interaction between improved plant water status and protection of photosynthesis 

against high temperature damage (Yu et al., 2012; Bauweraerts et al., 2013). Zhao et 

al. (2012) reported that high temperature increased the photosynthetic capacity of P. 

cathayana under CO2 enrichment. CO2 enrichment decreased the physiological 

limitation induced by heat in tall fescue plants by reducing stomatal conductance by 

20 % and the dark respiration rate by 7%, leading to high water use efficiency and a 

more positive carbon balance (Yu et al., 2012). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2: Impact of elevated CO2 and temperature interaction on crops 
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(1) Increasing carbon dioxide levels in the atmosphere can lead to a rise in the mean global 

surface temperature 

(2) In crops increased CO2 concentration enhances Rubisco carboxylation and 

(3) weakens its photorespiration 

(4) Increased temperature above the optimum to specific crops may inhibit carboxylation and in 

contrast 

(5) promote the oxygenation reaction, photorespiration, and respiration sensitivity may depend 

on high temperature acclimation 

(6) Plant water status may be adversely affected by high temperature 

(7) CO2 enrichment modifies the leaf surface, such as stomatal size and its density,  

(8) decreases stomatal conductance and transpiration and consequently 

(9) improves plant water status, (10) the leaf area and other plant tissue growth may be promoted 

by elevated CO2 but may not be confirmed with some FACE experiments 

       (11) The leaf sugar concentration increases under elevated CO2 and decreases as the temperature 

rises. In contrast, an opposite nitrogen reallocation pattern may occur in response to CO2 

enrichment or high temperature as well as their interaction 

     (12) Finally, carbon and nitrogen allocation is associated with organs 

     (13) Plant growth, phenology, and production, under the combined stresses (Xu et al., 2013). 

 

 

 

2.4 Effect of elevated CO2 on crop – pathogen interaction 

Plant disease expression results from a three-way interaction of a susceptible host 

plant, a virulent pathogen and an environment suitable for disease development; 

referred to as the disease triangle. Changes in environmental conditions are known to 

exacerbate plant disease symptoms (Boyer, 1995; McElrone et al., 2001) and are 

implicated in 44% of new disease emergence (Anderson et al., 2004). Thus, the 

altered environmental conditions associated with climatic change (e.g. temperature 

regimes, atmospheric chemistry and drought) have the potential to alter the incidence 

and severity of plant disease epidemics and disease pressures on natural and crop 

plant systems, as well as to reshape the co-evolutionary relationships between crops 

and pathogens (Chakraborty, 2005; Burdon et al., 2006; Fargette et al., 2006; Ziska 

and Runion, 2007; Crowl et al., 2008). Recent free air CO2 enrichment (FACE) and 

open-top-chamber (OTC) studies involving plant diseases continue to support earlier 

findings that show responses to elevated CO2 levels vary with the host-pathogen 

system. In some cases predictions of higher disease levels resulting from increased 

plant growth have been verified, especially for necrotrophic pathogens. However, 

there are examples of both necrotrophic and biotrophic pathogens showing lower 

disease levels, increased disease levels, or no effect of increased concentrations of 

CO2 (Table 2.3, 2.4 and 2.5). Studies have been reported related to Downy mildew of 

soybean, Late blight of potato, Brown spot of soybean, Rice blast and Crown rot of 

wheat but studies related to maydis leaf blight was not found. 
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Table 2.3: Effects of elevated CO2 on crop pathosystems 

Effect on disease  

severity ⁄ disease system 

Effects on host References 

Lower disease severity or incidence 

Downy mildew of soybean No changes in stomatal densities; some 

changes in cuticular wax structure 

Eastburn et al., 2010 

Late blight of potato No effect on plant growth or canopy 

structure; increased levels of β-1-3 

glucanases 

Plessl et al., 2007 

Increased disease severity or incidence 

Powdery mildew of Arabidopsis More stomata on resistant varieties and 

fewer on susceptible varieties; resistant 

varieties become more susceptible 

Lake & Wade, 2009 

Brown spot of soybean Increased plant height and canopy density Eastburn et al., 2010 

Rice blast Lower silicon concentrations in leaf tissues  Kobayashi et al., 2006 

Sheath blight of rice Increased number of tillers per plant under 

elevated CO2 

Kobayashi et al., 2006 

Crown rot of wheat Increased plant biomass under elevated CO2 Melloy et al., 2010 

 

Table 2.4: Response of pathogens to elevated CO2  

Pathogen Host Effect of elevated CO2 References 

Cladosporium fulvum tomato  enhances sporulation Manning & 

Tiedemann, 1995 

Blumeria graminis Barley reduced germination and 

penetration; increased growth rate 

and fecundity 

Hibberd et al.,1996 

Phytophthora parasitica Tomato increased pathogen biomass in 

host tissue 

Jwa & Walling, 2001 

Puccinia striiformis Wheat did not influence fecundity in 

either resistant or susceptible 

variety 

Chakraborty et al., 2010 

Fusarium 

pseudograminearum 

Wheat  

 

increased pathogen biomass in 

host tissue 

Melloy et al., 2010 

Barley yellow dwarf virus  Oats  

 

increased persistence of infected 

crops to alter epidemiology 

Malstrom and Field, 1997 
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During literature review it had been observed that different crops (barley, maize, 

potato, rice, soybean, wheat etc.) have been studied either for the effect of elevated 

temperature or elevated CO2 on their various diseases, but not simultaneously at a 

time. With this background in the present study effect of simultaneous exposure of 

elevated CO2 and elevated temperature to maize crop genotypes on maydis leaf blight 

disease development as well as biotic stress resistance potential has been done. 

2.5 Maize: crop geography and ecology 

The centre of origin for Zea mays L. has been thought to be the Mesoamerican 

region, now Mexico and Central America (Watson and Dallwitz, 1992). 

Domestication of maize began around 6000 years ago (Mangelsdorf, 1974). 

Christopher Columbus during his journey found that corn was cultivated on Haiti 

(North America) where it was called “Mahiz”. From this the name ‘Maize’ was 

derived. So, Christopher Columbus was probably the first person to see and describe 

maize. According to Vavilov, the high lands of Peru, Bolina and Equador are the 

starting point of maize as these regions are having great diversity of native forms of 

maize (De Wit et al., 1972). But according to another belief, maize was originated in 

Mexico or Central America as this area is considered to be the home of teosinte grass 

(Euchlaena Mexicana Schrad. or  Zea mays ssp. parviglumis), a relative of maize, 

which shows a large variety in this area. De Condolle (1886) assumed that corn must 

have originated in New Granada, now Colombia. Mangelsdorf and Reeves (1939) 

postulated that maize had its origin in the lowlands of South America primarily 

because of historical reference to pod corn in that area. It is now considered that corn 

had perhaps more than one origin. Several workers say that it was originated in both 

Mexico and South America. Maize is believed to have been introduced into Asia 

from some part of America (Tollenaar and Dwyer, 1999). 

Maize (Zea mays L.) is an essential cereal food crop of the world with highest 

production and productivity as compared to rice and wheat. It is the most 

multifaceted crop which is being grown in more than 166 countries across the globe 

including tropical, sub-tropical and temperate regions from sea level to 3000 m 

above mean sea level. A crop of maize is sown and harvested somewhere in the 

world in every month of the year. It is grown from 60N in Canada and Russia to 

40S latitude in Argentina, from below sea-level to an altitude of > 4000 m in the 
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Peruvian Andes, and in regions with < 25 cm rainfall in semi-arid plains of Russia to 

regions of > 1000 cm rainfall in north-east India (Sharma and Dass, 2014).  

Maize is relatively a warm weather crop and requires considerable moisture and 

warmth from germination to flowering and requires 120140 days to mature. The 

most suitable temperature for germination is 21C and for growth 32C. Extreme 

high temperature and low humidity during flowering may damage the foliage, 

dessicate the pollen and interfere with proper pollination, resulting in poor grain 

filling. In India, it is cultivated in all the states, except Kerala. It can be grown 

successfully on a wide range of soils, ranging from loamy sand to clay loam. The soil 

pH should be almost neutral (6.57.0). It is normally planted at a depth of 5 to 8 cm, 

provided moisture is adequate at that depth. It absorbs water and begins to swell. 

This takes place at a faster rate at high temperatures, which are prevalent in most 

tropical environments in the summer season. Under these conditions, the seed starts 

to germinate in 23 days. In the winter season and in other low soil temperature 

conditions such as highlands, the process is delayed and radical emergence may take 

as many as 6 to 8 days (Onderdonk and Ketcheson, 1972). 

In India, its production has increased more than 12 times from a mere 1.73 million 

tons in 195051 to 21.76 million tons in 201112 and it is estimated to be 22.23 

million tons in 201213 (Anon., 2014a) and presently it occupies 9.3 million hectare 

area with the mean yield of 2.60 tons/hectare. Together with rice and wheat, maize 

provides at least 30% of the food calories of more than 4.5 billion people in 94 

developing countries. They include 900 million consumers whose income is less than 

US $ 2 per day and for whom maize is the preferred staple, including 120140 

million poor farm families. Between now and 2050, the demand for maize in the 

developing world will be doubled (Anon., 2014b). By 2050, global maize 

consumption is expected to increase from 32 to 52 kilograms per person per year. 

Changing diets, population growth and the demand for maize as a source of fuel and 

animal feed will also increase consumer prices (Anon., 2014c). So, maize yields need 

to increase by 60% by 2050 to meet demand (Anon., 2014d). 

Like other crops, maize also encounters various diseases caused by fungal, bacterial 

and viral pathogens. Maize is affected by many fungal diseases such as rust, stalk rot, 

leaf spot, downy mildews, turcicum leaf blight, maydis leaf blight etc. Of these, 
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maydis leaf blight (MLB), also known as southern corn leaf blight is caused by the 

ascomycete fungi Bipolaris maydis (Nisikado and Miyake) Shoemaker and is also a 

major disease of maize. It has presence in almost all maize growing areas of our 

country. 

2.6 Effect of elevated temperature on maize 

Transitory or constant high temperature can cause an array of morpho-anatomical, 

physiological and biochemical changes in maize crop. High temperature (>30C) 

greatly affects the germination percentage and seedling growth of maize. At 

temperatures above 38C maize crops are unable to maintain adequate moisture in its 

system, evaporation from the soil and transpiration from plant surface also increases, 

further compounding the drought effect (Pingali and Pandey, 2001). 

Flowering and grain filling stages are the most sensitive stages of maize for heat 

stress (Dass et al., 2010). High temperatures can delay anthesis and damage most of 

the tassels, resulting in little or no pollen production and increasing the occurrence of 

male sterile plants in field. Pingali and Pandey (2001) reported that pollen 

desiccation and silk death can occur at 45C (Dass et al., 2010). Temperatures above 

35C can result in reduction of leaf area by up to 33% (Thiagarajah and Hunt. 1982). 

Tollenaar et al. (1979) reported influence of high temperature on the duration from 

planting to silking through their effect on number of leaves per plant. Further, high 

temperatures have been reported to impede maize plant height by 15%, reduce kernel 

number per plant, number of leaves, stem diameter, ear characteristics and final dry 

matter yield (Traore et al., 2000). 

High temperatures are closely associated with certain key physiological processes of 

plant growth in maize such as delay in appearance of new leaf by up to 6 days, and 

tasselling up to 3 days, poor ear growth rates and leaf elongation rate, reduced 

radiation use efficiency, water use efficiency, harvest index and net photosynthesis 

(Traore et al., 2000). Suwa et al. (2010) reported reduction in cob growth rate and 

biomass partitioning to ear hence substantial effect on cob architecture. In addition, 

high temperatures from tassel initiation to tassel emergence delayed silking more 

than anthesis, thus increasing the de-synchronization and reducing chances of proper 

fertilization (Struik et al., 1986; Cicchino et al., 2010).Viability of pollen is as 
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crucial as anthesis for efficient sexual plant reproduction and ensuring maximum 

kernel set. Heat stress is one of the most important factors influencing pollen 

viability; it not only affects pollen viability after dehiscence, when the pollen is 

exposed to the environment, but also during its development inside the anther (Bots 

and Mariani, 2005). Fonseca et al. (2005) found that the pollen shed from anthers 

remains viable longer at low temperatures as compared to high temperatures and 

seed set can drastically get reduced from 51 to 80%. It was also observed that pollen 

desiccation and subsequent loss of viability is a function of three major 

environmental components:- air temperature, relative humidity and time of exposure. 

Pollen water potential have been reported to be the major component affected by 

high temperatures resulting in damaged pollen and reduced pollen shed (Schoper et 

al., 1986). High temperature were also found to result in reduced silk solute 

potential, however this parameter was not found to affect seed set or seed production 

(Schoper et al., 1987). Hence, it is sensitivity of mature pollen to heat stress which is 

responsible for failure for fertilization at high temperatures (Dupuis and Dumas, 

1990). Further, the genotypes with high temperature resistant pollen are 

characterized not only by high germination percentage, but also by a better ability to 

develop normal pollen tubes at the high temperatures (Herrero et al., 1980). A 

number of factors are responsible for kernel loss under heat stress. In addition to 

pollination failure floret differentiation and kernel abortion is a source of kernel loss 

(Rattalino Edreira et al., 2014). 

2.7 Effect of elevated CO2 on maize 

Maize is a C4 crop. In C4 crops Rubisco is located in the bundle sheath cell 

chloroplasts, where concentration of CO2 is 3 to 6 times higher than the atmosphere 

(von Caemmerer and Furbank, 2003). Recently Erbs et al. (2015) found that when 

maize plants were grown in 380 ppm and 550 ppm CO2 concentration level using 

free-air CO2 enrichment, then the maize plant was not found to respond to increased 

CO2 level as long as no drought stress was prominent, but elevated CO2 

concentration was found to mitigate the drought stress impact on elemental 

composition and quality traits of maize. 

        In another study, Wang et al. (2015) grown maize plants under four level of 

CO2 concentration (500, 1000, 3000 and 5000 ppm) to find out the effect on 
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photosynthesis. They found that maize plant had the highest photosynthetic electron 

transport and photochemistry quenching under 5003000 ppm CO2 concentration, 

but then decreased substantially at 5000 ppm CO2. So, photosynthetic down-

regulation and a decrease in photosynthetic electron transport occurred in maize in 

response to super-elevated concentration of CO2 at 3000 and 5000 ppm. 

2.8 Combined effects of elevated temperature and CO2 on maize 

Recently Qu et al. (2014) studied the effect of high temperature and elevated CO2 

concentrations on maize seedlings. They grew plants at 380 ppm CO2 and 560 ppm 

CO2 levels. During high temperature treatment at 45C for 15 min. they found that 

high temperature reduced photosynthetic rate by 25 to 38% in different CO2 levels, 

but on stomatal conductance and transpiration there was no significant effect. Thus 

elevated CO2 failed in protecting photosynthesis rate from 45C in maize. 

2.9 Maydis leaf blight  

The maydis leaf blight was first reported by Drechsler (1925) on maize in Florida 

and teosinte in the Philippines. In India, the disease was first reported by Munjal and 

Kapoor (1960) from the specimens collected from Malda region (West Bengal) by 

Butler in 1905. Maydis leaf blight is also known as southern corn leaf blight due to 

its prevalence in the southern region of United States of America. Although it does 

not cause epidemic in India, but yield reduction up to 30.3% have been reported in 

susceptible cultivars (Payak and Sharma, 1978). 

2.9.1 Pathogen  

Identity of Bipolaris maydis (syn. Helminthosporium maydis, Teliomorph: 

Cochliobolus heterostrophus) can be confirmed by microscopic examination of 

conidia that are produced within lesions and in culture.  Conidia are also produced 

profusely within lesions when diseased leaves are incubated in a damp chamber for 

24 to 48 hours.  Conidia are 1520 × 70160 µm in dimension.  Conidia are 

olivaceous brown, spindle-shaped, and taper to round ends.  Conidia are 5 to 11 

septate and are characterized by bipolar germination. There are 3 physiological races 

of B. maydis: Race T, Race O and Race C.  Race T and Race C are pathogenic only 
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to maize germplasm with cytoplasm male-sterile T and cytoplasm male-sterile C, 

respectively.  Of these races, ‘O’ is prevalent in India (Misra, 1979). 

2.9.2 Life cycle 

The fungi overwinter as mycelium in infected crop debris that remains on the soil 

surface between growing seasons (Figure 2.3).  At the onset of the subsequent 

growing season, in response to favourable temperatures and humidity, mycelia 

within the crop debris begin sporulating (producing conidia).  Conidia are then 

disseminated to freshly planted maize in the vicinity by wind and rain splash.  

Conidia germinate and infect plants through stomata, giving rise to characteristic 

lesions within which conidia are produced, which leads to secondary disease cycles.  

In favourable environmental conditions, the disease cycle can be completed in as 

little as 72 hours.   

Bipolaris maydis is a member of the ascomycetes, the sac fungi. Mycelium and 

spores can overwinter in soil and crop debris. Hence, plough down the infected crop 

debris can reduce the disease inoculums. Spores are blown off by wind or in water 

droplets onto the surface of leaves and after they have germinated they enter the 

plant through the stomata. The fungus produces a toxin that attacks the mitochondria 

and destroys the plants ability to capture energy from metabolism. There are very 

important differences in the type of toxins produced by different races of the agent. 

Under optimal conditions (2030°C and moist weather), the fungus can complete its 

life cycle in 23 days. 

2.9.3 Crop losses due to maydis leaf blight 

Out of the many biotic and abiotic stresses, diseases are playing a direct role in 

affecting production of maize and earnings. Payak and Sharma (1985) reported 61 

diseases of both tropical and temperate origin in maize and determined the major 

maize diseases causing average yield loss of 13.2% of which foliar diseases alone 

cause 5% loss. The MLB disease has the potential to reduce the grain yield up to 

extent of 41 percent in susceptible cultivar (Sharma and Rai, 2000). 
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Figure 2.3: Stages in life cycle of Bipolaris maydis- maydis leaf blight pathogen  

2.9.4 Geographical distribution of maydis leaf blight in India 

Regions with a warm (20 to 32°C) and damp growing season are most at risk from 

maydis leaf blight.  Long, dry, sunny periods during the growing season are 

unfavourable for the disease.  The fungi overwinter in infected crop debris and 

therefore regions where infected crop debris overwinters and where maize is 

cultivated continuously, are at risk. The disease is also known as southern blight of 

maize. MLB disease is distributed all over the world in warm temperate to tropical 

(2030°C) maize producing areas. In India, MLB disease occurs in kharif (June to 

September) maize when the climate is hot and humid and is prevalent in J&K, HP, 

Sikkim, Meghalaya, Assam, Punjab, Haryana, Rajasthan, Delhi, UP, Bihar, MP, 

Gujarat, Maharashtra, AP, Karnataka and TN. MLB is found in all tropical and 

temperate maize growing regions where the growing season is characterized by 

warm and wet conditions.  

2.9.5 Symptoms 

The exact symptoms depend upon the race of the pathogen and the stage of corn 

affected. As a general rule, tan lesions are seen on leaves with the number and size 

depending upon the fungal race and the strain of corn. In the worst case the lesions 
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are numerous and can be several centimetres long and have dark red or purple edges. 

Ears are also infected with a black substance that is actually masses of conidia 

(asexual spores) on kernels that can lead to ear and cob rot.  

The disease is caused by Bipolaris maydis [=Cochliobolus heterostrophus (Drechsl)]. 

Diseased lesions are small, assume a rectangular shape and are parallel to each other. 

The lesions are numerous (Plate 2.1). Their width is restricted by the veins. So far, 

three races of B. maydis viz. Race O, Race T and Race C have been reported. Lesions 

produced by the 'T' strain are oval and larger than those produced by the 'O' strain. A 

major difference is that the 'T' strain affects husks and leaf sheaths, while the lesions 

of 'O' strain are restricted on the leaves. Race O and T differ in symptoms produced, 

cytoplasmic specificity, production of toxins, optimum growth temperature, 

reproductive rate and plant parts attacked (Hooker, 1972). 

Race O produces lesions that are initially small and diamond-shaped.  These lesions 

elongate as they mature, although growth of lesions is restricted by leaf veins.  Final 

lesions are rectangular (26 × 322 mm), restricted by leaf veins, and tan in colour.  

Lesions caused by isolates of Race O are restricted to leaves. Symptoms of MLB 

caused by Race T are oval and slightly larger (612 × 627 mm) than those caused 

by Race O.  Lesion borders are usually characterized by dark, brown borders. Race T 

causes lesions on all above ground parts of the plant (including stems, sheaths and 

ears) and can also cause ear rots.  Seedlings from seeds infected with Race T often 

wilt and die within 3 to 4 weeks. Race T causes lesions on all above ground parts of 

the plant (including stems, sheaths and ears) and can also cause ear rots.  

2.10 Factors which affects host-pathogen interaction 

2.10.1 Response of pest to inoculum level and stage of growth 

Raziq and Ahmad (1992) studied the effect of different inoculums levels of Bipolaris 

maydis (Nisik.) Shoemaker, viz. 2 × 10
4
, 3× 10

4
 and 4 × 10

4
 spores/ml applied at 

tasseling, silking and milking stages. They recorded disease severity, yield and yield 

components of maize variety Azam. The disease severity was highest when plants 

were inoculated with 4 × 10
4
 spores/ml at tasseling stage. Grain yield, fresh ear 

weight, number of kernels/ear and 200 kernel weight were 28.3, 30.9, 32.5 and 
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11.8% respectively in this treatment. Plots, where no inoculation was made, showed 

the lowest disease attack and the highest grain yield and yield component. 

Plate 2.1: Typical symptom of maydis leaf blight disease 

 

2.10.2 Response of pest to agronomic practices and applied nutrient level 

Pal and Kaiser (2001) studied the kharif (summer/monsoon) maize, which is popular 

in the eastern part of the country, may be predisposed to maydis leaf blight, if proper 

agronomic practices are not followed. Under the artificial epiphytotic conditions 

showed that the disease incidence was favoured by planting in July, while early 

planting in May or June or late planting in August reduced the incidence. Disease 

incidence gradually increased with the increase in plant density and it was maximum 

at a population of 70000 ha
-1

, while it was minimum at 40000 ha
-1

. Nitrogen alone or 

in combination with phosphorus and potassium, or with the increase in the dose of 

nitrogen and the maximum infection occurred at the highest dose of nitrogen at 160 

kg ha
-1

. In vitro study, however, showed that nitrogen significantly increased the 

linear growth of the pathogen, while both Phosphorus and Potassium individually or 

in combination with nitrogen reduced it. Nitrogen also significantly increased the 

percentage of conidial germination, while both phosphorus and potassium 

individually or in combination with nitrogen reduced it.  
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Materials and Methods 
 

3.1 Location of the experimental site 

The study was carried out on the experimental farm of Indian Agricultural Research 

Institute, New Delhi. New Delhi is situated at 2835 N latitude, 7712 E longitude 

and at an altitude of 228.16 m above mean sea level. The location lies in the 

subtropical belt, has continental monsoon climate exhibiting a masked seasonal 

rhythm, hot summer, cool winter, un-reliable rainfall and great variation in 

temperature. In summer, the maximum temperature may reach up to 46C and in 

winter, the temperature may be as low as 1C. It receives an annual average rainfall of 

75 cm, out of which about 91 % occurs during June-August. Under average climatic 

conditions, the area receives 750 mm annual rainfall, about 80% of which occurs from 

June to September. The mean annual maximum temperature is 35C while the mean 

annual minimum temperature is 18C. 

3.2 Plant material          

Certified seeds of two genotypes of maize PEHM 5 and CM 119 were used in the 

study. For 1
st
 objective seeds of both genotypes were sown in pots (15 L capacity with 

30 cm diameter filled with 14 kg of soil and FYM in 3:1 ratio) during the kharif 

season. Plants were maintained in pots throughout experimental crop growth period 

from seedling to maturity. Pots containing plants of both genotypes were exposed to 

temperature and carbon dioxide (CO2) treatments in different combinations in open 

top chambers (OTCs) (for 25 days) starting from three leaf stage (10 days old plants).  

Plants were irrigated regularly and fertilizers were applied as per requirements. For 2
nd

 

objective plants of PEHM 5 variety were grown in OTCs following standard 

agronomic practices at 60 cm × 20 cm plant to plant and row to row spacing and 

exposed to temperature and CO2 treatments throughout the crop growth period. 

3.3 Open Top Chambers (OTCs) 

The OTCs used in present study were of cylindrical shape with 3 m diameter, 2.5 m 

height and a door. The basic cylindrical shape of the OTCs was fabricated with 

galvanized iron (GI) pipe and fixed in the field (Plate 3.1). The fabricated structure 

was covered with polyvinyl chloride (PVC) sheet which have more than 90% light 

transmittance. The top portion of one set of the OTC with all intact side walls was kept 
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open to maintain the temperature level of 1.5C higher than ambient temperature 

(1.5T) and elevated CO2 (550 ppm) concentration (ECO2) (Plate 3.2). For maintaining 

the level of 1.5T + ambient CO2 (ACO2) concentration treatment, similar type of OTC 

was used (as Plate3.2), without external supply of CO2. For maintaining the 

temperature level of 3C higher than ambient temperature (3T) + ECO2 in OTC, top of 

the OTC was partially covered with PVC shelter and side walls were kept intact (Plate 

3a and 3b). For (3T) + ACO2 treatment, OTCs as in Plate 3.3a and 3.3b were used, 

without external supply of CO2. Likewise to maintain the ambient temperature (AT)  

ECO2 level, top portion of the OTC was kept opened and side walls were kept partially 

covered (Plate 3.4) and elevated CO2 levels were maintained through gas supply. OTC 

(as in Plate 3.4) for AT  ACO2  treatment, were used without external supply of CO2. 

The plenum at the base (at height of 0.3 m) was constructed to support perforated 

pipes for releasing carbon CO2 in the OTCs.  

3.3.1 CO2 supply to OTCs 

The elevated CO2 concentrations were maintained inside the OTCs using high 

pressurized CO2 cylinders (of commercial grade 100% CO2 gas cylinders of 30 kg 

capacity) with the help of dual stage regulators and gas flow meter. CO2 was 

supplied from the cylinders to the OTCs through 6 mm polyurethane tubing and 

mixed with the ambient air at the outlet of the air blowers and subsequently 

distributed evenly inside the OTCs. CO2 gas was released to the chambers through a 

manifold fitted with copper tubing. Within each chamber the copper tubing was 

again fitted with solenoid valve and rotameters to regulate the gas supply. The 

uniformity of the CO2 was maintained by pumping CO2 gas diluted with air by air 

compressor.  

3.3.2 Monitoring system of CO2 and temperature control 

CO2 levels build up inside the chambers were monitored using an online CO2 

analyser (Model- Industrial Scientific, USA CDU-440) connected with pump to draw 

the air sample from OTCs (Plate 3.5a and 3.5b).  
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Plate 3.1: Cylindrical shape OTCs fabricated with galvanized iron (GI) pipe  

 

 

 

 

Plate 3.2: OTC with intact side walls and open upper top to maintain 

temperature 1.5C higher than ambient temperature with and 

without external CO2 supply   
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     3.3a   

 

 

        3.3b 

Plate 3.3a and 3.3b: OTC with intact side walls and partially covered upper top   

to maintain temperature 3C higher than ambient 

temperature with and without external CO2 supply   

  

 

 

 
 

 

   Plate 3.4: OTC with partially opened side walls and open upper top to 

maintain ambient with and without external CO2 supply   
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 3.5a 

 

    3.5b 

   Plate 3.5a and 3.5b: CO2 supply and monitoring system 
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3.4 Temperature and CO2 Treatments 

 In the present study two levels of CO2 and three levels of temperature were used. The 

different combinations of CO2 and temperature levels were as follows: 

T0 – Ambient CO2 (395 ± 10 ppm) (ACO2) + Ambient temperature (AT)/ ACO2 + AT 

T1 - Ambient CO2 (395 ppm ± 10 ppm) + 1.5C (1.5T) higher temperature than 

ambient level / ACO2 + 1.5T 

T2 - Ambient CO2 (395 ppm ± 10 ppm) + 3C (3T) higher temperature than ambient 

level / ACO2 + 3T 

T3 - 550 ± 20 ppm CO2 (ECO2) + ambient temperature (AT) / ECO2 +AT 

T4 - 550 ± 20 ppm CO2 level (ECO2) + 1.5C (1.5T) higher temperatures than 

ambient level / ECO2 +1.5T 

T5 - 550 ± 20 ppm CO2 level (ECO2) + 3C (3T) higher temperature than ambient 

level / ECO2 + 3T 

 

3.5 Preparation of inoculum of Bipolaris maydis causing Maydis leaf Blight  

3.5.1 Isolation of pathogen 

Maydis leaf Blight (MLB) diseased leaf samples were cut into 1 to 1.5 cm long bits. 

The bits were cleaned in sterilized distilled water and surface sterilized with 0.1 

percent mercuric chloride for 3060 seconds, washed thoroughly three times with 

sterilized distilled water and blot dried. These bits were then placed on PDA medium 

in Petri plates and were incubated at 28 ± 2°C for 23 days. After three days of 

incubation fine radiating mycelial growth was observed from edge of the infected bits. 

A small bit of actively growing mycelium was then transferred into the PDA slants 

and thus the pure culture was obtained. These slants were periodically transferred at 

one month interval to new slants. Cultures were maintained on sterile PDA slants in 

refrigerator at 4
o
C. 

3.5.2 Culture of pathogen 

The culture was freshly multiplied in PDA medium and incubated in BOD incubators 

at 28 ± 2
o
C. The isolate was passed once through the host by inoculating a highly 

susceptible maize genotype CM 119 grown in the net house. 
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3.5.1.3 Mass multiplication of inoculum 

For mass multiplication of Bipolaris maydis, sorghum seeds were soaked in water for 

24 hours and excess water was removed and 40g of seeds were dispensed in 500 ml 

conical flask. The flasks containing sorghum seeds were autoclaved twice at 15 lb 

pressure for 30 min (consecutively for two days). Little quantity of 810 days old 

fungal culture (grown on PDA slants) was placed in the sterilized seeds and incubated 

at 27 ± 1C for 1015 days. For uniform growth of the fungus, shaking of the seed at 

3 to 4 days interval was done. The mass culture was taken out from the conical flasks, 

broken the bigger lumps and shade dried for 2 to 3 days. The shade dried sorghum 

seeds (culture of B. maydis) were grinded in a mixture-cum-grinder into powder form 

and stored the ground inoculum at 69
o
C till its use. At the time of inoculation, 

inoculum was diluted by adding desired level of freshly ground sorghum seeds in 2:1 

ratio (Ahuja and Payak, 1978). 

 

                                                                  

     

                       

                

3.6 Inoculation method 

For inoculation two pinch of the inoculum (approx. 34 g) in powder form was taken 

in between fingers and placed it into the central whorl of 35 days old maize plants 

(Payak and Sharma, 1983) after 25 days of exposure to elevated temperature and CO2 

levels and after that light spraying of water was done with the help of sprayer to 

maintain adequate moisture for longer period to permit spore germination. Inoculation 

was done in evening hours (44:30 PM) to avoid the maximum day temperature. 

 

Plate 3.6b: Powder form of the 

inoculum of Bipolaris maydis 

 

Plate 3.6a: Inoculum of  

Bipolaris maydis multiplied 

in sorghum grains 
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Equal number of plants of both genotypes PEHM 5 and CM 119 in each treatment 

were kept uninoculated for quantification of disease realted attributes. 

 

 Plate 3.7: Maize plant inoculation with maydis leaf blight pathogen 

 

3.7 Methodology to assess the impact of elevated CO2 and temperature on maize 

In the present study the impact of the elevated CO2 and temperature treatments on 

maize and subsequently its susceptibility to disease development on exposure to the 

MLB pathogen was assessed for PEHM 5 and CM 119 genotypes and the key growth 

stages of PEHM 5 variety. The baseline data was generated on different growth, 

physiological and biochemical parameters for maize genotypes and their key growth 

stages response to the treatments.  The data obtained on the parameters were subjected 

to 3 way analysis of variance (ANOVA) using a Completely Randomized Design 

(CRD) for testing their significance level of impact of treatments.  ANOVA data 

analysis was followed by principal component analysis (PCA) technique (Andrews et 

al., 2002) using SPSS (Version 16.0). PCA is a mathematical procedure that 

transforms several (possibly) correlated variables into a (smaller) number of 

uncorrelated variables (PC). The objective of PCA is to reduce the dimensionality of 

the parameter dataset and to identify new meaningful underlying variables, knowing 

that the PC are dependent on the units used to measure the original variables as well as 

on the range of values they assume. Principal components (PC) for a dataset are 

defined as linear combinations of variables that account for maximum variance within 

the set by describing vectors of closet fit to the n observation in p-dimensional space, 

subject to being orthogonal to one another. The first PC accounts for as much of the 
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variability in the data as possible, and each succeeding component accounts for as 

much of the remaining variability as possible. PCs with eigen value ≥ 0.6 and 

explained at least 5% of the variation of the data were examined. Under a particular 

PC, only the variables with high factor loading were retained. High factor loading 

were defined as having absolute value within 10% of the highest factor loading 

(Sharma et al., 2005). When more than one variable was retained under a single PC, 

multivariate correlation were employed to determine if the variables could be 

considered redundant or not (Andrews and Carroll, 2001). If the highly loaded factors 

were not correlated then each was considered important for the crop response to 

elevated CO2 and temperature.  

After identifying the key parameters for crop response to elevated CO2 and 

temperature, observed data of each key parameter was transformed using a linear 

scoring method as suggested by Andrews et al. (2002). To assign the scores, indicators 

were arranged in order depending on whether a higher value was considered ‘good’ or 

‘bad’ for crop response to stress conditions. In case, if ‘more is better’ indicator, each 

observation was divided by the highest observed value such that the highest observed 

value received a score of 1. If ‘less is better’ indicator, the lowest observed value (in 

the numerator) was divided by each observation (in the denominator) such that the 

lowest observed value received a score of 1. 

After transformation using a linear scoring method, a radar plot was prepared to 

indicate contribution of the key crop parameter scores towards their response to 

elevated CO2 and temperature for the PEHM 5 and CM 119 genotypes as well as the 

key growth stages of PEHM 5 variety. The methodology followed for the observation 

of growth, biochemical and physiological parameters were as follows: 

3.8 Growth Parameters 

3.8.1 Plant height 

Plant height was measured with the help of a meter scale starting from soil surface to a 

point where two developing leaves at the top of the plant forms a “V” shaped structure 

and represented in cm. 

3.8.2 Stem girth 

Measured with the help of vernier calipers and represented in cm. 
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3.8.3 Leaf area 

Leaf area was measured with the help of Leaf area meter (Model LI-3100, LI-COR, 

Inc., USA). 

3.8.4 Biomass 

Destructive harvesting was done for the estimation of above-ground and below-

ground biomass. Fresh weight of above- and below ground parts plant was also 

observed separately for leaves, stems and cobs. For dry weight estimation the same 

samples were kept in dry oven for 48 hours at 70C temperatures 

3.9 Biochemical parameters 

 

3.9.1 Relative Leaf Water Content (RLWC)   

 

Relative Leaf Water Content was determined according to the method of Singh 

(1997), and calculated by the formula: 

                  RLWC (%) =    
       

       
     

         FW = Fresh weight, DW = dry weight, and TW = turgid weight. 

Fresh weight was obtained by weighing 30 discs of 5 mm diameter cut from the fresh 

leaves for every sample. The discs were then immersed in distilled water overnight 

till they got saturated, blotted dry and then weighed to get the turgid weight. The 

same leaf discs were oven dried at 70 °C for 45 hrs. and reweighed to obtain the dry 

weight. 

3.9.2 Total chlorophyll  

Total chlorophyll estimation was done according to the method described by Arnon 

(1949). 2 gram of fresh leaf sample from each treatment was blended and then 

extracted with 15 ml of 80% acetone and left for 15 minutes for thorough extraction. 

The liquid portion was decanted into another test-tube and centrifuged at 2,500 rpm 

for 3 minutes. The supernatant was then collected and the absorbance taken at 645 

nm and 663 nm using a spectrophotometer.  

Calculations were done using the formula below: 

Chlorophyll a = 12.7DX663 – 2.69DX645 x V/1000W mg/g 

Chlorophyll b = 22.9DX645 – 4.68DX663 x V/1000W mg/g 

Total Chlorophyll = (Chlorophyll a + Chlorophyll b) mg/g 

Dx = Absorbance of the extract at the wavelength X nm 

V = total volume of the chlorophyll solution (ml), 
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and W = weight of the tissue extract (g). 

 

3.9.3 Leaf extract pH 

Five g of the fresh leaves was homogenized in 50 ml deionized water. This was then 

filtered and the pH of leaf extracted determined after calibrating pH meter with 

buffer solution of pH 4 and pH 9. 

3.9.4 Ascorbic Acid  

Ascorbic acid content was determined by the method as described by Sadasivam and 

Balasubraminan (1987). Stock standard was made by dissolving 100 mg ascorbic 

acid in 100 ml of 4% oxalic acid solution in standard flask (1mg/ml). Working 

standard was made by diluting 10 ml of the stock solution to 100 ml with 4% oxalic 

acid. The concentration of working standard was 100µg/ml. Dye solution used for 

the titration was made by weighing 42 mg sodium bicarbonate into small volume of 

distilled water and 52 mg 2,6 dichlorophenol indophenol was dissolved to  make 

volume up to 200 ml with distilled water. 1 g leaf sample was extracted in 4% oxalic 

acid (10 ml) and volume was made up to 50 ml with 4% oxalic acid and was 

centrifuged at 5000 rpm for 20 minutes at 4C. 5 ml of the supernatant was collected 

through pipette, 10 ml of 4% oxalic acid was added to it and titrated against the dye. 

Amount of Ascorbic acid in the sample was calculated in mg/g sample as per the 

following formula: 

Ascorbic acid (mg/g sample)  

                  = (0.5 mg/V1 ml) × (V2/15 ml) × (100 ml/wt. of sample in g) × 100 

 

3.9.5 Lipid Peroxidation  

Leaf lipid peroxidation was estimated by following the method of Heath and Packer 

(1968). 2 g plant sample was homogenized in a pestle and mortar with 10 mL of 

0.1% Tri chloro acetic acid (TCA) and incubated for 30 minutes at room 

temperature. It was then filtered through Whatman’s no. 1 filter paper and to the 

filtrate TCA (4mL; 20%) containing 0.5% Thio- barbituric acid (TBA) was added 

and kept in boiling water bath for 30 minutes. After incubation test tubes were 

quickly cooled using ice jacket to stop the reaction and immediately absorbance 

reading was taken at 532 and 600 nm using UV-visible spectrophotometer. Blank 

was prepared with 5 mL of 20% TCA with 0.5M TBA. Lipid peroxidation level was 
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expressed as Malondialdehyde content in nmol using 155 Mm/cm molar extinction 

coefficient. 

 

Malondialdehyde (MDA) content nmol/g =    
(       –       )         

   
 

V = Grinding volume;    = MDA molar extinction coefficient; M = tissue eight  

 

3.9.6 Total Phenol  

Total Phenol Content was estimated by Folin Ciocalteu (FC) method. 50 mg freeze 

dried plant material was homogenized with 10 mL of 70% methanol. This solution 

was then centrifuged for 10 minutes at 3000 rpm. Supernatant was separated and 

volume make-up up to 25 ml was done with 70% methanol. 1 ml of this extract + 1 

ml FC reagent + 2 ml of Na2CO3 (20% w/v) solution was taken in glass tubes.  Then 

tubes were shaken properly and were heated in boiling water bath for 1 minute. 

Tubes were cooled in running tap water. Transmittance was measured at 650 nm in 

spectrophotometer. Standard was prepared by dissolving 10 mg caffeic acid in 100 

ml 70% methanol to give a stock solution of 100 µg/ml phenol and polyphenolic 

content was express as mg/100g of fresh weight of tissue. 

 

3.10 Physiological parameters 

Photosynthetic rate, stomatal conductance and transpiration rate were measured by 

portable photosynthesis system (LI-6400-40 Portable Photosynthesis system Infrared 

gas analyser (IRGA). Photosynthetic rate, stomatal conductance and transpiration 

was expressed in the units of µmol CO2 m
-2

 s
-1

, mol H2O m
-2

 s
-1

 and mmol H2O m
-2

 

s
-1

 respectively. 
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3.11 Yield and its attributes 

 

3.11.1 Cob weight: De-husked cobs were weighed by a weighing machine and 

weight was represented in terms of g. 

 

3.11.2 Cob girth: Cob girth was measured with the help of vernier calipers. 

 

3.11.3 Number of rows per cob: Number of rows per cob was counted manually. 

 

3.11.4 Grain weight per plant: Total weight of grains in cob(s)   plant was 

calculated. 

 

3.11.5 Harvest index: Weight of grains per plant was calculated. Biomass of whole 

plant was also taken. The ratio of weight of the grains and biomass was expressed as 

harvest index. 

 

3.12 Assessment of disease development  

Maydis leaf blight disease development was observed on artificially inoculated 

maize cultivars PEHM 5 and CM119 pre exposed to elevated CO2 and temperature 

under field and lab/ conditions. 

 

3.12.1 Field experiment 

 In the field experiments maize cultivars were grown in pots and exposed for 25 days 

duration to different treatments. After short term exposure maize cultivars were 

inoculated with the pathogen and monitored. After 6 days of incubation period maize 

cultivars were assessed for disease development by image analysis technique and 

analysed for changes in growth, biochemical, and physiological parameters. The 

plants were maintained in pots till maturity for monitoring yield parameters. Disease 

severity was recorded using 1-5 rating scale developed by Payak and Sharma (1983). 

Data regarding the disease development was recorded 2 times after 20 days and 35 

days of inoculation.   
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    Table 3.1: Maydis leaf blight disease rating scale (Payak and Sharma, 1983) 

Rating 

scale 

Disease severity (%) PDI* Disease reaction 

1.0 
Very slight to slight infection, 

one or two to few scattered 

lesions on lower leaves 

20.0 
 

Resistant 

(Score: ≤ 2.0) 

(PDI: ≤ 40.0) 
2.0 

Light infection, moderate number 

of lesions on lower leaves only 
40.0 

3.0 
Moderate infection, abundant 

lesions on lower leaves, few on 

middle leaves 

60.0 
Moderately resistant 

(Score: 2.1 – 3.0) 

(PDI: 40.1 – 60.0) 

4.0 
Heavy infections abundant on 

lower and middle leaves, 

extending to upper leaves 

80.0 
Moderately 

susceptible 

(Score: 3.1 – 4.0) 

(PDI: 60.1 – 80.0) 

5.0 
Very heavy infection, lesions 

abundant on almost all leaves, 

plants prematurely dry or killed 

by the disease. 

100.0 
Susceptible 

(Score: ≥4.1) 

(PDI: ≥ 80.0) 

            *Percent disease index (PDI) 

Percent disease index (PDI) was calculated by using the following formula: 

            PDI (%) = 
                                       

                                       
      

Images of leaves of inoculated plants under different treatments were captured by 

camera (ModelNikon Coolpix S2800) fixed on tripod after 6 days of inoculation 

i.e., at appearance of first disease symptoms to next 10 days at 1 day interval by 

keeping a centimetre scale of 30 cm so that a fixed length of leaf (25 cm) can be 

measured. Captured images were analysed through ImageJ software to estimate the 

percentage area of leaves infected and the rate of progress of infection. 

3.12.2 Disease development assessment under controlled lab conditions 

Detached leaf technique developed by Tedford et al. (1990) was followed for the 

assessment of disease development under controlled conditions by Bipolaris maydis 

pathogen on the leaf lamina (14 cm × 7cm) of each plant. In the present study this 

technique was used to assess the impact of elevated CO2 and temperature on biotic 

stress tolerance potential of key growth stages of maize cultivar PEHM 5. PEHM 5 

plants were exposed to the different treatments of the study in OTCs throughout the 

crop growth period. The leaves of plants exposed to different treatments were 

brought from field to lab at three growth stages - vegetative, tasseling and dent stage. 
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These leaves were inoculated with the maydis leaf blight pathogen as per detached 

leaf technique. Before inoculation leaves were soaked for 30 seconds in a 0.05% 

NaOCl3 solution for surface-sterilization, rinsed in sterile distilled water and blotted 

dry on sterilized blotted papers. Leaves by abaxial side were placed down in round 

glass petridishes measuring 16 cm diameter, each containing one layer of sterile 

Whatman no.1 filter paper and 10 ml of sterile distilled water. Discs of B. maydis 

mycelium (3 mm in diameter) from PDA were taken from the growing edge of 

mycelial mats with a sterile cork borer. Four discs from culture were taken and were 

kept on detached leaves at four equidistant points on both side of mid-rib as shown in 

the figure (Plate 3.8). Petridishes were kept in incubation chamber at 27C. The 

image of rate of development of the lesions per leaf was recorded through the camera 

at 48, 72 and 96 hours after inoculation and analysed through ImageJ software.                                   

                                                            

 

 

     Plate 3.8: Detached leaf inoculation technique of maydis leaf blight disease 

 

3.12.3 Quantification of rate of disease development through ImageJ software 

Images of leaves of maize cultivars captured to assess disease development under 

field and lab experiment were analysed using the ImageJ software. Precautions taken 

while capturing the images to minimise the manual error were: 

i. Images were taken from a fixed distance by using tripod stand. 

ii. Images were taken in flesh-off mode of camera in the evening time (5 to 6 

PM) to minimise the error due to reflection from sunlight. 
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 Following steps were followed for analysis of images: 

i. Image was opened using “File” as shown in Plate 3.9a, 3.9b and 3.9c. 

ii. “Free hand selection” tool was used to make margins around leaf to cut the 

leaf from outside image (Plate 3.9d). 

iii. After that steps followed were: 

Image            Crop image 

                  Edit             Clear outside 

iv. Then image was converted into 8 bit by (Plate 3.9e, 3.9f) : 

Image           Type           8 bit 

v. Setting scale: - Images of leaves of 25 cm in length were taken by using scale 

while taking images. For scaling, a straight line was made across the leaves at 

an angle of 0 by selecting the tool of  “Straight, segmented or freehand lines, 

or arrows” (Plate 3.9g). 

vi. Then, Analyse          Set scale. 

Known distance was put as 25 and unit as ‘cm’ and then “Global” was 

selected. 

vii. Then, following steps were followed: 

            Process           Binary            Make binary (Plate 3.9h)     

            Image           Adjust           Threshold (Plate 3.9i) 

             Analyse           Analyse particles (Plate 3.9j, 3.9k, 3.9l) 

a. 0.02 was entered as minimum particle size, toggled show outline and 

“Display results, Clear results and Summarize” was selected. Then 

clicked ‘OK’. 

viii. In this way drawing of picture was obtained showing different green areas 

with   different serial numbers (3.9m). 

ix. For calculating total leaf area again ‘Freehand selection tool’ was selected 

and margin of the leaf was demarcated. Then  

                      Analyse           Measure 

In this way total leaf area will be calculated. 

Thus, infected area = Total leaf area – Total green area of drawing. 
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     Plate 3.9a 

 

 

 

    Plate 3.9b 

 

 

  Plate 3.9c 
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                               Plate 3.9d 

                                           

 

                              

 

                              Plate 3.9e 

 

 

                                    

                             Plate 3.9f 
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       Plate 3.9g 

 

   Plate 3.9h 

 

 

 
  Plate 3.9i 
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Plate 3.9j            

 

              

                     

Plate 3.9k 
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Plate 3.9l 

 

 

 

 

 

 

Plate 3.9m 

 

 Plate 3.9 (a-m): Steps for quantification of rate of disease development through   

ImageJ software 
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3.13 Diseases tolerance attributes 

Yield observed PEHM 5 and CM119 under different treatments was used to generate 

value of the following disease indices (Gupta et al., 2002). For calculating disease 

indices following notations have been used: 

Yp  Yield of a genotype without disease under different treatments 

Ys  The yield of a genotype with disease under different treatments  

Yp-  Mean yield without disease in all treatments 

Ys-  Mean yield with disease in all treatments 

3.13.1 Disease stress intensity (DSI)  

Value of DSI ranges from 0 to 1, and the larger the value of DSI, the more severe is 

the impact of the treatment. 

 (DSI) = 1-(
  -

  -
) 

3.13.2 Disease tolerance (TOL)  

 A large and small value of TOL under different treatment represents relatively more 

and less sensitivity to disease respectively. 

TOL) =         

3.13.3 Disease stress susceptibility index (DSSI) 

The smaller the value of DSSI, the greater is the disease stress tolerance capacity. 

DSSI =    

   
  

  

   
 

3.13.4 Disease stress tolerance index (DSTI)  

A higher DSTI value for a genotype suggests the higher level of its disease tolerance 

capacity and yield potential. 

DSTI =   
        

   -  
 

3.14 Data analysis 

Statistical analysis of the data was done using SPSS 16.0 (SPSS Inc., Chicago, USA) 

for windows. Analysis of variance (ANOVA) was done to test whether the 

differences were statistically significant using completely randomized design for 

testing their level of significance.  



Chapter-4 
 

RESULTS  
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Results                      

           

                In the present study experiments were carried out to assess – (i) the impact 

of elevated temperature and CO2 exposure on maydis leaf blight (MLB) disease 

tolerance potential of maize genotypes PEHM 5 and CM 119 and (ii) The impact of 

elevated temperature and CO2 on disease tolerance potential of key growth satges of 

maize variety PEHM 5. In both the experiments crop plants were also monitored for 

the changes in growth, physiological, biochemical, and yield parameters due to 

elevated temperature and CO2 exposure to demarcate the key parameter which can be 

used as an indicator for assessing the impact of CO2 and temperature (abiotic stress) 

on biotic stress tolerance potential of maize crop.  

 

Meteorological conditions during the crop growth period 

During cropping season, meteorological data were also recorded. During the crop 

growth period mean maximum temperature and mean minimum temperature was 

34.1 ± 2.5C and 22.7 ± 4.0C, respectively. Mean relative humidity was 69 ± 8.9% 

during the crop growth period, which was above threshold optimum value of maize 

crop at flowering and grain filling stage (Figure 4.1).  

 

 

Figure 4.1: Meteorological conditions of experimental site during the crop   

                   growth period 
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Impact of elevated temperature and CO2 on tolerance potential of maize 

genotypes 

Impact of elevated temperature and CO2 on tolerance potential of maize genotypes 

was assessed through the data generated on response of growth, biochemical and 

physiological parameters of PEHM 5 and CM 119 plants to different treatment. 

 

Response of growth parameters to elevated temperature and CO2 on PEHM 5 

and CM 119 genotypes 

Plant height  

In the present study enhancement in mean height of both PEHM 5 and CM 119 

plants was observed due to elevated CO2 levels, whereas with elevated temperature 

decrease in height was observed; but due to interactive effect of CO2 and temperature 

maximum height was observed in T3 treatment in plants of both PEHM 5 and CM 

119 genotypes. Plants of PEHM 5 genotype were taller as compared to CM 119. 

Decrease in plant height of PEHM 5 under different treatments was in the order of 

T3 > T4 > T0 > T1 > T5 > T2; and for CM 119 it was in the order of T3 > T4 > T0 

> T1 > T2 > T5. 

Both at ambient CO2 and elevated CO2 level with increase in temperature plant 

height was found to decrease significantly, but the impact was high when the 

temperature was increased up to 3C as compared when the temperature was 

increased only up to 1.5C (Table 4.1). 

Stem girth  

Result of the study shows that average stem girth of PEHM 5 plants were more as 

compared to CM 119 plants. Enhancement in stem girth was observed in both PEHM 

5 and CM 119 genotypes in ECO2 + 1.5T (550 ppm CO2 + 1.5C elevated treatment) 

treatment but in ECO2 + 3T (550 ppm CO2 + 3C elevated temperature) treatment 

decrease in stem girth was observed for both genotypes. Under interactive effect of 

CO2 and temperature maximum stem girth in both PEHM 5 and CM 119 plants were 

observed in T3 treatment. 

Stem girth of PEHM 5 under different treatments was in the order of T3 > T4 > T1 > 

T0 > T2 > T5; whereas, stem girth of CM 119 under different treatment was T3 > 

T1 > T4 > T5 > T0 >T2 (Table 4.2). 
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  Table 4.1: Effect of elevated temperature and CO2 on plant height of  maize    

genotypes 

 Plant height (cm) 

 

PEHM 5 CM 119 

Temperature ACO2 ECO2 Mean ACO2 ECO2 Mean 

AT 159.4 168 163.7 110 117 113.5 

1.5T 151.4 166.6 162.5 107 111.5 109.25 

3T 143.2 144 143.6 100 99.5 99.75 

Mean 151.3 159.5  105.6 109.3  

        

Factors C.D. SE(d) SE(m) 

Genotype (G) 1.62 0.80 0.57 

CO2 level (C) NS 0.80 0.57 

G × C 2.29 1.13 0.80 

Temperature (T) 1.98 0.98 0.69 

G × T 2.80 1.39 0.98 

C × T 2.12 1.39 0.98 

G × T × C 3.96 1.97 1.39 

 

   Significant at P < 0.05; ACO2, ambient CO2 concentration; ECO2, 550 ppm CO2   

concentration; AT, ambient temperature; 1.5T, ambient temperature +1.5C temperature; 

3T, ambient temperature + 3C temperature 
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   Table 4.2: Effect of elevated temperature and CO2 on stem girth of  maize   

genotypes 
.  

                            Stem girth (cm) 

 

 

PEHM 5 CM 119 

Temperature ACO2 ECO2 Mean ACO2 ECO2 Mean 

AT 6.40 7.00 6.70 4.08 4.64 4.36 

1.5T 6.64 6.52 6.58 4.50 4.46 4.48 

3T 6.12 5.78 5.95 4.06 4.18 4.12 

Mean 6.39 6.43  4.21 4.43  

        

Factors C.D. SE(d) SE(m) 

Genotype (G) 0.15 0.07 0.05 

CO2 level (C) NS 0.07 0.05 

G × C NS 0.11 0.07 

Temperature (T) 0.19 0.09 0.06 

G × T 0.27 0.13 0.09 

C × T 0.27 0.13 0.09 

G × T × C NS 0.19 0.13 

 

   Significant at P < 0.05; ACO2, ambient CO2 concentration; ECO2, 550 ppm CO2 

concentration; AT, ambient temperature; 1.5T, ambient temperature + 1.5C temperature; 

3T, ambient temperature + 3C temperature 

 

 

Leaf area  

Average leaf area was more in PEHM 5 plants as compared to CM 119 plants. In 

both the genotypes decrease in leaf area was observed with increase in temperature 

stress. Impact of enhanced CO2 level on leaf area of both genotypes was positive. 

The average of leaf area in both PEHM 5 and CM 119 was maximum under T3 

treatment. The effect of treatments on leaf area of PEHM 5 was in the order of T3 > 

T4 > T0 > T1 > T5 > T2; whereas, leaf area of CM 119 under different treatment 

was in the order of T3 > T4 > T0 > T1 > T2 > T5 (Table 4.3). In both PEHM 5 and 

CM 119 detrimental effect of elevated temperature was found at both ambient and 

elevated CO2 levels on growth parameters. 
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 Table 4.3: Effect of elevated temperature and CO2 on leaf area of maize 

genotypes 

                                                                             Leaf area (cm
2
) 

 

PEHM 5 CM 119 

    Temperature ACO2 ECO2 Mean ACO2 ECO2 Mean 

AT 452.50 465.90 459.20 308.63 422.28 365.45 

1.5T 378.04 463.82 420.93 307.24 383.82 345.53 

3T 330.30 352.04 341.17 289.53 282.63 286.08 

Mean 386.94 427.25  301.80 362.91  

        

Factors C.D. SE(d) SE(m) 

Genotype (G) 9.98 4.96 3.50 

CO2 level (C) 9.98 4.96 3.50 

G × C 14.11 7.01 4.96 

Temperature (T)  12.22 6.07 4.29 

G × T NS 8.59 6.07 

C × T 17.28 8.59 6.07 

G × T × C 24.44 12.15 8.59 

 

   Significant at P < 0.05; ACO2, ambient CO2 concentration; ECO2, 550 ppm CO2 

concentration; AT, ambient temperature; 1.5T, ambient temperature + 1.5C temperature; 

3T, ambient temperature + 3C temperature 

 

Response of biochemical parameters of maize genotypes to elevated 

temperature and CO2 

Total chlorophyll  

Result shows that at ambient CO2 level when temperature was increased up to 1.5C, 

then there was enhancement in total chlorophyll content in both PEHM 5 and CM 

119 plants, but when temperature was increased to the level of 3C, the total 

chlorophyll content was decreased significantly. Under elevated CO2 level 

enhancement in chlorophyll content was observed, but it was nullified with increase 

in temperature (Table 4.4). 
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Chlorophyll content of PEHM 5 under different treatments was in the order of T3 > 

T4 > T1 > T0 > T2 > T5; whereas, chlorophyll content of CM 119 under different 

treatments were in the order of T3 > T1 = T4 > T0 > T2 > T5. 

 

 

  Table 4.4: Effect of elevated temperature and CO2 on total chlorophyll   

content of  maize genotypes 
 

                                      Total chlorophyll content (mg/g) 

 

PEHM 5 CM 119 

   Temperature  ACO2 ECO2 Mean ACO2 ECO2 Mean 

AT 0.571 0.604 0.588 0.360 0.389 0.375 

1.5T 0.583 0.589 0.586 0.379 0.379 0.379 

3T 0.552 0.546 0.549 0.322 0.282 0.302 

Mean 0.569 0.580  0.354 0.350  

        

Factors C.D. SE(d) SE(m) 

Genotype (G) 0.03 0.01 0.01 

CO2 level (C) 0.03 0.01 0.01 

G × C 0.04 0.02 0.01 

Temperature  (T) NS 0.02 0.01 

G × T 0.05 0.02 0.02 

C × T 0.05 0.02 0.02 

G × T × C 0.08 0.03 0.02 

 

   Significant at P < 0.05; ACO2, ambient CO2 concentration; ECO2, 550 ppm CO2 

concentration; AT, ambient temperature; 1.5T, ambient temperature + 1.5C temperature; 

3T, ambient temperature + 3C temperature 
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Relative leaf water content (RLWC)  

Result shows that at ambient CO2 level, when temperature was increased up to 

1.5C, then RLWC was found to increase significantly in both PEHM 5 and CM 119, 

but when temperature was increased up to 3C, there was significant decrease in 

RLWC (Table 4.5). Also, RLWC at elevated CO2 was found more in both PEHM 5 

and CM 119 as compared to ambient CO2 level. Under different treatments RLWC 

for both PEHM 5 and CM 119 was in the order of T3 > T4 > T1 > T0 > T5 > T2.  

 

   Table 4.5: Effect of elevated temperature and CO2 on relative leaf  

                  water content (RLWC) of  maize genotypes 

 

                                           RLWC (%) 

 

PEHM 5 CM 119 

        Temperature ACO2 ECO2 Mean ACO2 ECO2 Mean 

AT 37.08 49.91 43.50 35.59 45.73 40.66 

1.5T 38.19 42.44 40.31 37.55 45.15 41.35 

3T 23.91 35.84 29.88 20.98 27.99 24.49 

Mean 33.06 42.73  31.37 39.62  

        

Factors C.D. SE(d) SE(m) 

Genotype (G) 1.32 0.65 0.46 

CO2 level (C) 1.32 0.65 0.46 

G × C 1.87 0.93 0.65 

Temperature (T) 1.62 0.80 0.57 

G × T 2.29 1.14 0.80 

C × T 2.29 1.14 0.80 

G × T × C 3.24 1.61 1.14 

 

    Significant at P < 0.05; ACO2, ambient CO2 concentration; ECO2, 550 ppm CO2 

concentration; AT, ambient temperature; 1.5T, ambient temperature + 1.5C temperature; 

3T, ambient temperature + 3C temperature 
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Leaf extract pH  

Leaf extract pH of both PEHM 5 and CM 119 was acidic. The variation in leaf 

extract pH at maturity in two genotypes under different treatments was found in the 

range of 3.55 to 4.88 (Table 4.6). Leaf extract pH of PEHM 5 under different 

treatments was found in the range of 4.04 to 4.88 and was in the order of T1 > T5 > 

T3 > T4 > T0 > T2; and leaf extract pH of CM 119 under different treatment was 

found in the range of 3.5 to 4.8 and was in the order of T2 > T5 > T3 > T0 > T4 > 

T1. Leaf extract pH was found to increase when temperature was increased up to 3C 

at elevated CO2 level in both genotypes but, there was slight decrease at ambient CO2 

in PEHM 5. Also at elevated CO2 level there was decrease in leaf extract pH when 

temperature was increased upto 1.5C level in both genotypes. 

 

Ascorbic acid content  

Under control treatment ascorbic acid content was more in PEHM 5 as compared to 

CM 119. Ascorbic acid content of PEHM 5 under different treatments was in the 

order of T3 > T5 > T2 > T4 > T1 > T0. The Ascorbic acid content of PEHM 5 

plants was 31.67% and 14.02% more under T3 and T5 treatments, respectively as 

compared to T0. Ascorbic acid content of CM 119 under different treatment was in 

the order of T4 > T1 > T2 > T3 > T5 > T0; and this was 98.91% and 55.67%     

more under T4 and T1 treatments, respectively as compared to T0. Effect of CO2 

level in interaction with temperature on ascorbic acid content of both the genotypes 

was significant (Table 4.7). 

 

Total phenol content 

At ACO2 level total phenol content of PEHM 5 was higher in all treatments as 

compared to CM 119. Also, at ACO2 level exposure to elevated temperature level 

enhanced total phenol content in both PEHM 5 and CM 119. Total phenol content of 

PEHM 5 under different treatments was in the order of  T3 > T4 > T0 > T1 > T5 > 

T2; and it was 3.90% and 2.60% more under T3 and T4 treatments, respectively as 

compared to T0 treatment.  Total phenol content of CM 119 under different 

treatment was in the order of T3 > T4 > T5 > T0 > T1 > T2 and it was 10.1%, 9.3% 

and 8.2% more under T3, T4 and T5, respectively as compared to T0 treatment 

(Table 4.8). 
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Table 4.6: Effect of elevated temperature and CO2 on leaf extract pH of     

             maize genotypes 

 

                                   Leaf extract pH 

 

PEHM 5 CM 119 

    Temperature ACO2 ECO2 Mean ACO2 ECO2 Mean 

AT 4.18 4.45 4.32 3.79 4.05 3.92 

1.5T 4.88 4.38 4.63 3.55 3.72 3.63 

3T 4.04 4.48 4.26 4.80 4.07 4.43 

Mean 4.37 4.44  4.04 3.94  

        

Factors C.D. SE(d) SE(m) 

Genotype (G) 0.23 0.11 0.08 

CO2 level (C) 0.23 0.11 0.08 

G × C NS 0.16 0.11 

Temperature (T) 0.04 0.14 0.09 

G × T 0.39 0.19 0.14 

C × T 0.32 0.19 0.14 

G × T × C 0.55 0.28 0.19 

                 

Significant at P < 0.05; ACO2, ambient CO2 concentration; ECO2, 550 ppm CO2 

concentration; AT, ambient temperature; 1.5T, ambient temperature + 1.5C temperature; 

3T, ambient temperature + 3C temperature 
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     Table 4.7: Effect of elevated temperature and CO2 on ascorbic acid 

                       content of maize genotypes 

 

                                          Ascorbic acid (mg/g) 

 

PEHM 5 CM 119 

        Temperature ACO2 ECO2 Mean ACO2 ECO2 Mean 

AT 2.216 2.914 2.565 1.850 2.775 2.313 

1.5T 2.270 2.304 2.287 2.885 3.685 3.285 

3T 2.402 2.520 2.461 2.780 2.430 2.605 

Mean 2.296 2.579  2.505 2.963  

        

Factors C.D. SE(d) SE(m) 

 Genotype (G) NS 0.14 0.10 

CO2 level (C) 0.29 0.14 0.10 

G × C NS 0.21 0.14 

Temperature (T)    0.23 0.18 0.12 

G × T 0.51 0.25 0.18 

C × T 0.51 0.25 0.18 

G × T × C NS 0.36 0.25 

                

    Significant at P < 0.05; ACO2, ambient CO2 concentration; ECO2, 550 ppm CO2 

concentration; AT, ambient temperature; 1.5T, ambient temperature + 1.5C temperature; 

3T, ambient temperature + 3C temperature 
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    Table 4.8: Effect of elevated temperature and CO2 on total phenol content of  

maize genotypes 
 

                                        Total Phenol content (mg/100g fresh weight) 

 

PEHM 5 CM 119 

        Temperature  ACO2 ECO2 Mean ACO2 ECO2 Mean 

AT 57.90 60.16 59.03 50.070 53.00 53.78 

  1.5T 57.61 59.41 58.51 46.96 52.50 49.70 

3T 49.21 56.66 52.93 40.97 51.33 41.15 

Mean 54.90 58.74  45.93 48.21  

        

Factors C.D. SE(d) SE(m) 

Genotype (G) 1.87 0.93 0.65 

CO2 level (C) 1.87 0.93 0.65 

G × C 2.64 1.31 0.93 

Temperature (T) 1.11 1.13 0.80 

G × T 3.23 1.61 1.13 

C × T NS 1.61 1.13 

G × T × C NS 2.27 1.61 

                             
Significant at P < 0.05; ACO2, ambient CO2 concentration; ECO2, 550 ppm CO2 

concentration; AT, ambient temperature; 1.5T, ambient temperature + 1.5C temperature; 

3T, ambient temperature + 3C temperature 

 

Lipid peroxidation  

Lipid peroxidation was assessed by estimating Malondialdehyde (MDA) content 

which reflects the lipid peroxidation of plant samples. Result shows that MDA 

content was higher in CM 119 as compared to PEHM 5 in all treatments. Significant 

variations observed in MDA content in plants of PEHM 5 and CM 119 under 

different treatments indicates that lipid peroxidation will be significantly affected by 

elevated temperature and CO2 levels. MDA content of PEHM 5 under different 
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treatments was in the order of T2 > T5 > T3 > T4 > T0 > T1; and it was 8.81%, 

5.62% and 3.56% more under T2, T5 and T3 treatment as compared to T0 treatment; 

whereas, MDA content of CM 119 under different treatment was in the order of T5 > 

T2 > T3 > T4 > T1 > T0; and it was 34.42%, 33.82%, 31.75% and 11.27% more in 

T5, T2, T3 and T4,  respectively (Table 4.9). 

 

 

Table 4.9: Effect of elevated temperature and CO2 on Malondialdehyde 

                  (MDA) content of maize genotypes 

 

                                    Malondialdehyde content ( nmol/g) 

 

PEHM 5 CM 119 

       Temperature  ACO2 ECO2 Mean ACO2 ECO2 Mean 

AT 10.66 11.04 10.85 16.85 22.20 19.53 

1.5T 10.54 10.88 10.71 17.95 18.75 18.35 

3T 11.60 11.26 11.43 22.55 22.65 22.60 

Mean 10.93 11.06  19.12 21.20  

        

Factors C.D. SE(d) SE(m) 

Genotype (G) 0.30 0.15 0.10 

CO2 level (C) 0.30 0.15 0.10 

 G × C 0.42 0.21 0.15 

Temperature (T) 0.37 0.18 0.13 

G × T 0.52 0.26 0.18 

C × T 0.52 0.26 0.18 

G × T × C 0.74 0.36 0.26 

                            
Significant at P < 0.05; ACO2, ambient CO2 concentration; ECO2, 550 ppm CO2 

concentration; AT, ambient temperature; 1.5T, ambient temperature + 1.5C temperature; 

3T, ambient temperature + 3C temperature 
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Response of physiological parameters of maize genotypes to elevated 

temperature and CO2  

Photosynthetic rate 

Rate of photosynthesis was found to increase significantly at ACO2 level when 

temperature was increased to 1.5C level in both PEHM 5 and CM 119 plants and 

decrease when temperature was increased to 3C, but at ECO2 level with increase in 

temperature photosynthetic rate was found to decrease significantly at both levels of 

elevated temperature (Table 4.10). 

Photosynthetic rate of both PEHM 5 and CM 119 under different treatments was in 

the order of T3 > T4 > T1 > T0 > T5 > T2. 

 

  Table 4.10: Effect of elevated temperature and CO2 on photosynthetic rate of  

maize genotypes 
 

                                            Photosynthetic rate (µmol CO2 m
-2

 s
-1

) 

 

PEHM 5 CM 119 

        Temperature ACO2 ECO2 Mean ACO2 ECO2 Mean 

AT 14.11 21.83 17.97 10.09 19.67 14.88 

1.5T 14.21 19.23 16.72 10.47 18.21 14.34 

3T 12.46 12.94 12.70 6.35 6.61 6.48 

Mean 13.59 18.00  8.97 14.83  

        

Factors C.D. SE(d) SE(m) 

Genotype (G) 1.28 0.63 0.45 

CO2 level (C) 1.28 0.63 0.45 

G × C 1.81 0.90 0.63 

Temperature (T) 1.56 0.77 0.51 

G × T 2.21 1.10 0.77 

C × T 2.21 1.10 0.77 

G × T × C 3.13 1.55 1.10 

                    
Significant at P < 0.05; ACO2, ambient CO2 concentration; ECO2, 550 ppm CO2 

concentration; AT, ambient temperature; 1.5T, ambient temperature + 1.5C temperature; 

3T, ambient temperature + 3C temperature 
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Stomatal conductance   

Stomatal conductance in PEHM 5 and CM 119 at ambient CO2 level was found to 

increase when temperature was increased by1.5C over the ambient temperature, but 

it was appreciably decreased at 3C elevated temperature treatment than control 

treatment. With elevated CO2 treatments stomatal conductance was reduced 

appreciably at both 1.5C and 3C elevated temperature than control treatment 

(Table 4.11). Stomatal conductance of PEHM 5 and CM 119 under different 

treatments was in the order of T1 > T0 > T3 > T4 > T5 > T2 

 

  Table 4.11: Effect of elevated temperature and CO2 on stomatal conductance 

of  maize genotypes 
 

                                     Stomatal conductance (mol H2O m
-2

 s
-1

) 

 

PEHM 5 CM 119 

         Temperature ACO2 ECO2 Mean ACO2 ECO2 Mean 

AT 0.026 0.015 0.021 0.035 0.029 0.032 

1.5T 0.046 0.011 0.029 0.042 0.024 0.033 

3T 0.007 0.010 0.009 0.012 0.022 0.017 

Mean 0.026 0.012  0.030 0.025  

        

Factors C.D. SE(d) SE(m) 

Genotype (G) NS 0.003 0.002 

CO2 level (C) 0.005 0.003 0.002 

G × C 0.008 0.004 0.003 

Temperature (T) 0.007 0.003 0.002 

G × T 0.009 0.005 0.003 

C × T 0.009 0.005 0.003 

G × T × C 0.013 0.007 0.005 

                              
  Significant at P < 0.05; ACO2, ambient CO2 concentration; ECO2, 550 ppm CO2 

concentration; AT, ambient temperature; 1.5T, ambient temperature + 1.5C temperature; 

3T, ambient temperature + 3C temperature 
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Transpiration rate  

Transpiration rate in PEHM 5 was more than CM 119. Transpiration rate in PEHM 5 

and CM 119 was low in elevated CO2 treatments compared to ambient CO2 

treatments. Rate of transpiration was found to increase with increase in temperature. 

In the present study transpiration rate under different treatments for PEHM 5 was in 

the order of T2 > T5 > T1 > T0 = T4 > T3; and for CM 119 it was in the order of T2 

> T1 > T5 > T0 = T4 > T3. In  PEHM 5, it was 20%, 50% and 30% higher under 

T1, T2 and T5 treatments and 10% less under T3 treatment, respectively as compared 

to control; whereas, in CM 119, it was 18.18%, 27.27% and 9.09% higher under T1, 

T2  and T5 and 9.09% lower under T3 treatment, reespectively as compared to 

control. 

 

 

Figure 4.2: Effect of elevated temperature and CO2 on transpiration of maize 

genotypes 

                      T0, Ambient CO2 level + Ambient temperature level; T1, Ambient CO2 level + 1.5C 

elevated temperature than ambient level; T2, Ambient CO2 level + 3C elevated 

temperature than ambient level; T3, 550 ppm CO2 level + Ambient temperature level; 

T4, 550 ppm CO2 level + 1.5C elevated temperature than ambient level; T5, 550 ppm 

CO2 level + 1.5C elevated temperature than ambient level 
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Response of yield parameters of maize genotypes to elevated CO2 and 

temperature 

 

Cob weight  

Cob weight in  PEHM 5 plants under different treatments was in the order of T3 > 

T4 > T1 > T0 > T5 > T2. Cob weight increased 8.11% and 4.60% in T3 and T4 

treatments, respectively and decreased 9.05% and 4.84% in T1 and T5, respectively 

as compared to control. 

Whereas for cob weight in CM 119 plants it was in the order of T0 > T3 > T4 > T1 

> T5 > T2, and it was found to decrease in all treatments as compared to control but 

decrease was minimum in case ot T3 and T4 treatments (9.41% and 9.60%, 

respectively) and maximum in T2 and T5 treatments ( 26.27% and 24.31%, 

respectively) as compared to control (Table 4.12). 

 

Cob girth  

Cob girth in  PEHM 5 plants under different treatments was in the order of T3 > T5 

> T2 > T4 > T0 > T1. Cob girth increased 19.43%, 18.59% and 5.07% in T3, T5 and 

T2 treatments, respectively and decreased 0.84% in T1 as compared to control. 

Whereas, for CM 119 plants it was in the order of T0 > T4 > T1 > T5 > T2 > T3; 

and it was found to decrease in all treatments as compared to control but decrease 

was minimum in case ot T1 and T4 treatments (10.48% and 5.59%, respectively) and 

maximum in T2, T3 and T5 treatments ( 18.18%, 18.88% and 17.48%, respectively) 

as compared to control. 

 

Number of rows per cob 

Number of rows per cob in PEHM 5 plants under different treatments was in the 

order of T3 > T4 = T5 > T1 > T0 = T2. Number of rows increased in all treatments 

except T2 and the increase was 1.81%, 7.27%, 3.63% and 3.63%, respectively in T1, 

T3, T4 and T5 treatments, respectively as compared to control; whereas, for CM 119 

plants it was in the order of T0 > T5 > T4 > T3 > T2 > T1. Number of rows per cob 

decreased in all treatments and maximum decrease was in T1, T2 and T3 treatments 

 (46.66%, 37.33% and 26.66%, respectively as compared to control). 
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Grain weight per plant 

Grain weight per plant in PEHM 5 under different treatments was in the order of T3 

> T4 > T1 > T0 > T5 > T2. Grain weight per plant increased in T1, T3 and T4 

treatments and decreased in T2 and T5 treatments.The increase  was 0.66%, 34.14% 

and 9.3% in  T1, T3 and T4 treatments, respectively and decrease was 26.43% and 

4.29% in T2 and T5 treatments, respectively as compared to control; whereas, for 

CM 119 plants it was in the order of T3 > T4 > T0 > T1 > T5 > T2. Grain weight 

per plant decreased in all treatments except T3 and T4. Decrease in grain weight per 

plant was 4.89%, 40.79%  and 28.67% in T1, T2,  and T5 treatments, respectively 

and  increase was 27.97% and 18.88% in T3 and T4 treatments, respectively as 

compared to control. 

 

Harvest index  

Harvest index  in  PEHM 5 under different treatments was in the order of T3 > T1 > 

T4 > T2 > T5 > T0. Harvest index increased in all treatments. The increase was 

52.36%, 20.60%, 66.52%, 21.88% and 5.57% in T1, T2, T3, T4 and T5 treatments, 

respectively as compared to control; whereas, for CM 119 plants it was in the order 

of T3 > T4 > T2 > T0 > T5 > T1. 

Harvest index increased in all treatments except T1 and T5. Harvest index increased 

1.88%, 20.28% and 8.49% in T2, T3 and T4 treatments, respectively and decreased 

2.83% and 0.47% in T1 and T5 treatments, respectively as compared to control. 
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Principal component analysis of growth, physiological, and biochemical 

response of maize genotypes under elevated carbon dioxide and temperature 

Data generated for different growth, physiological and biochemical parameters were 

subjected to PCA to identify the key parameters and linear scoring of key parameters 

was done to know their contribution in the response of plant. After subjected to PCA, 

the amount of variability explained by PC1, PC2, PC3 PC4, and PC5 was 40.58%, 

16.95%, 11.93%, 8.45% and 6.10%, respectively. However, the cumulative variance 

was 84.05% (Table 4.13). Within each PC, only highly weighted factors (having 

absolute values within 10% of the highest factor loading) were retained for minimum 

data set (MDS). In PC1 three variables quantified for the next step were plant height, 

stem girth and chlorophyll content. These three variables were found well correlated 

(r > 0.70) in the intercorrelation study (Table 4.14). So, only total chlorophyll 

content was retained for minimum data set (MDS) as it was having the highest factor 

loading as compared to plant height and stem girth. Likewise, in PC2, PC3 PC4 and 

PC5; MDA content, total phenol content, RLWC and ascorbic acid content was 

retained, respectively for the MDS. For different principal components % variance 

explained and eigen values and factor loadings are shown in table 4.13. 

After that by doing linear scoring for each replication in different parameters retained 

for MDS in both PEHM 5 and CM 119 average linear scoring was calculated. In 

order to know the contribution of each of the indicator towards crop response the 

average linear scores under each treatment have been depicted in Figure 4.3. 

Considering the average linear scores the order of importance of key parameters in 

influencing crop health for PEHM 5 was total phenol content (0.82) > ascorbic acid 

content (0.75) > relative leaf water content (0.71) > total chlorophyll content (0.58) > 

MDA content (0.51), with a corresponding contribution of 24.23%, 22.15%, 21.15%, 

17.31% and 15.16%, respectively. Similarly, for CM 119 the order of importance of 

key parameters in influencing crop health was MDA content (0.83) > relative leaf 

water content (0.67) > total chlorophyll content (0.57) > total phenol content (0.52) > 

ascorbic acid content (0.51), with a corresponding contribution of 36.6%, 21.57%, 

18.51%, 11.74% and 11.57%, respectively.  
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Table 4.13: Performance of crop health indicators in terms of factor loading 

/eigen vector values in principal component analysis 

 

PCs PC1 PC2 PC3 PC4 PC5 

Eigen value 4.871 2.035 1.432 1.015 0.733 

% Variance 40.589 16.958 11.937 8.459 6.106 

Cumulative % 40.589 57.547 69.484 77.943 84.050 

                                                 Factor loading/eigen vector 

Plant height 0.867 0.090 0.186 0.091  0.111 

Stem girth 0.900 0.098 0.233 0.159  0.103 

Leaf area 0.508 0.064 0.699  0.136 0.187 

Chlorophyll 

content 
0.940 0.149 0.115 0.195  0.050 

RLWC 0.048 0.047 0.105 0.947 0.086 

Photosynthetic rate 0.283 0.763 0.377 0.197 0.024 

Stomatal 

conductance 
 0.016 0.679  0.026  0.467 0.232 

Transpiration rate 0.093  0.053  0.058 0.058 0.000 

 Leaf extract pH 0.221 0.045 0.034 0.060 0.104 

 Ascorbic acid 

content 
 0.201 0.082 0.166 0.070 0.894 

Total phenol 

content 

0.524 0.404 0.896 0.009 0.390 

MDA content  0.969 0.894 0.040  0.018 0.051 

 

*Bold values indicate the eigen vectors within 10% of the highest factor loadings  

Table 4.14: Inter-correlations between highly weighted variables under 

different principal components 
 

PC 1 variables Plant height Stem girth Total Chlorophyll 

content 

Plant height 1 0.940
**

 0.854
**

 

Stem girth 0.940
**

 1 0.811
**

 

Total Chlorophyll 

content 

0.854
**

 0.811
**

 1 

 

**P < 0.01 
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Figure 4.3: Radar graphs for PEHM 5 and CM 119 depicting the average linear 

score of key indicators which are most influenced by disease under 

different treatments 

                     T0, Ambient CO2 level + Ambient temperature level; T1, Ambient CO2 level + 1.5C elevated 

temperature than ambient level; T2, Ambient CO2 level + 3C elevated temperature than 

ambient level; T3, 550 ppm CO2 level + Ambient temperature level; T4, 550 ppm CO2 level + 

1.5C elevated temperature than ambient level; T5, 550 ppm CO2 level + 1.5C elevated 

temperature than ambient level 
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Impact of elevated temperature and CO2 on maydis leaf blight (MLB) disease 

development in maize genotypes 

MLB disease severity in PEHM 5 and CM 119 exposed to different treatments under 

field conditions with artifial inoculation was assessed as per the rating scale of Payak 

and Sharma (1983), which was converted in terms of Percentage disease index (PDI). 

PDI value was high in CM 119 plants in all treatments as compared to PEHM 5 

plants. Maximum and minimum disease severiety was recorded in  plants of PEHM 5 

and CM 119 exposed to T2 and T3 treatment, respectively (Table 4.15). 

 

                 Table 4.15: Percentage disease index value for MLB disease  

                                     in maize genotypes 

 

Treatment Percentage disease index 

PEHM 5 CM 119 

T0 68.41 83.28 

T1 71.22 88.33 

T2 76.45 95.43 

T3 61.74 78.71 

T4 65.25 79.57 

T5 74.86 90.14 

 

In PEHM 5 and CM 119 variety disease severity and PDI value was in the order of 

T2 > T5 > T1 > T0 > T4 > T3. Elevated temperature exposure caused  more disease 

incidence in both genotypes as compared to elevated CO2 exposure. 

 

Disease development assessment in maize genotypes under controlled lab 

conditions 

It was done by Detached leaf technique. 

Detached leaf technique 

Under lab condition healthy leaves from PEHM 5 and CM 119 plants grown under different 

treatments were inoculated with MLB pathogen and observed for disease progress. 

Observations taken after  of 48, 72 and 96 h of inoculation showed that the  infection was in 

the order of T2 > T5 > T1 > T0 > T4 > T3.  
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          Day 2 (after 48 h)                  Day 3 (after 72 h)                Day 4 (after 96 h) 

 

      Day 2 (after 48 h)                  Day 3 (after 72 h)                Day 4 (after 96 h) 

 

 

        Day 2 (after 48 h)                  Day 3 (after 72 h)                Day 4 (after 96 h) 

 

        Day 2 (after 48 h)                  Day 3 (after 72 h)                Day 4 (after 96 h) 
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        Day 2 (after 48 h)                  Day 3 (after 72 h)                Day 4 (after 96 h) 

 

 

         Day 2 (after 48 h)                  Day 3 (after 72 h)                Day 4 (after 96 h) 

 

 

 

           Day 2 (after 48 h)                  Day 3 (after 72 h)                Day 4 (after 96 h) 

 

 

      Day 2 (after 48 h)                  Day 3 (after 72 h)                Day 4 (after 96 h) 

 



79 

 

  Results ……... 

 

       Day 2 (after 48 h)                  Day 3 (after 72 h)                Day 4 (after 96 h) 

 

         Day 2 (after 48 h)                  Day 3 (after 72 h)                Day 4 (after 96 h) 

 

        Day 2 (after 48 h)                  Day 3 (after 72 h)                Day 4 (after 96 h) 

 

      Day 2 (after 48 h)                  Day 3 (after 72 h)                Day 4 (after 96 h) 

Plate 4.1: MLB disease development in leaves of both genotypes under different 

treatments inoculated with MLB pathogen after 48, 72 and 96 hours of 

inoculation 

                         A, Ambient temperature and carbon dioxide level; R1,  Leaf sample of PEHM 5 plant; 

RCM, Leaf sample of CM 119 plants; 1, 550ppm elevated CO2 than ambient level + 

1.5
0
C elevated temperature than ambient level; 2, Ambient CO2 level  +  1.5

0
C elevated 

temperature than ambient level; 3,  550 ppm elevated CO2 than ambient level + 3
0
C 

elevated temperature than ambient level; 4, 550ppm elevated CO2 than ambient level + 

Ambient temperature; 5, Ambient CO2 level + 3
0
C elevated temperature than ambient 

level 
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Analysis of disease progress using ImageJ software 

Images of leaves of inoculated plants captured after 6 days of inoculation i.e., at 

appearance of first disease symptoms to next 19 days at 1 day interval under different 

treatments were analysed to estimate the rate of progress of infection (Figure 4.3 and 

4.4). 

 

PEHM 5: On 19
th

 day of observation maximum infection was recorded in T2 

treatment (44.3 ± 6.0%) and minimum infection was recorded in T3 (30.6 ± 1.0%) 

treatment (Table 4.16). Rate of increase in infection was maximum in T2 treatment 

(increased from 15.6 ± 2.4% on 1
st
 day to 44.3 ± 6.0% on 19

th
 day) and minimum in 

T3 treatment (increased from 13.4 ± 0.7% on 1
st
 day to 30.6 ± 1.0% on 19

th
 day).  

After 15
th

 day of observation infection was almost stabilised and very little increase 

was found till 19
th

 day. It indicated that PEHM 5 was developing resistance towards 

MLB. The disease severity under different treatments followed the order of T2 > T5 

> T1 > T0 > T4 > T3. 

CM 119:  In image of last day of observation (i.e., of 19
th

 day) maximum infection 

was recorded in T2 treatment (65.6 ± 3.4%) and minimum infection was recorded in 

T3 (46.3 ± 0.2%) treatment (Table 4.16, Figure 4.4). Rate of increase in infection was 

highest in T1 treatment (increased from 12.9 ± 1.9% on 11
th

 day to 62.0 ± 2.1% on 

19
th

 day) and lowest in T3 treatment (increased from 13.8 ± 0.9% on 11
th

 day to 46.3 

± 0.2% on 19
th

 day). The disease severity was in the order of T2 > T5 > T1 > T0 > 

T4 > T3. 

 

When all three methods of disease assessment(rating scale, detached leaf and 

imageJ) were compared disease severity was less with elevated CO2 levels in both 

the genotypes (Figure 4.4 and 4.5). Under control treatment disease severity was 

57% more in CM 119 as compared to PEHM 5. At ambient as well as elevated CO2 

levels increase in temperature stress enhanced disease severity significantly. The 

increase in disease severity in PEHM 5 under ambient CO2 level with 1.5C and 3C 

increased temperature stress was 9% and 26% more, respectively. Increase in disease 

severity in PEHM 5 under elevated CO2 level with 1.5C and 3C increased 

temperature stress was 6.5% and 33% more, respectively. Similarly in CM 119 at 

ambient CO2 level with 1.5C and 3C increased temperature stress caused 6% and 
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12% enhancement in disease severity and at elevated CO2 level with 1.5C and 3C 

increased temperature stress caused 6.74% and 35.95% increase in disease severity 

(table 4.16).   

 

 

Table 4.16: Effect of elevated temperature and CO2 on percentage infection in  

maize genotypes (recorded on last day of observation) 
 

                               Percentage infection on last day of observation 

 

PEHM 5 CM 119 

       Temperature ACO2 ECO2 Mean ACO2 ECO2 Mean 

AT 34.72 30.62 32.67 58.40 46.34 52.37 

1.5T 37.96 32.43 35.20 61.98 49.47 55.72 

3T 44.30 40.96 42.63 65.55 63.00 64.28 

Mean 38.99 34.67  61.98 52.94  

     

Factors C.D. SE(d) SE(m) 

Genotype (G) 0.007 0.003 0.002 

CO2 level (C) 0.007 0.003 0.002 

G × C 0.01 0.005 0.003 

Temperature (T) 0.008 0.004 0.003 

G × T 0.012 0.006 0.004 

C × T 0.012 0.006 0.004 

G × T × C 0.017 0.008 0.006 

 
Significant at P < 0.05; ACO2, ambient CO2 concentration; ECO2, 550 ppm CO2 

concentration; AT, ambient temperature; 1.5T, ambient temperature + 1.5C temperature; 

3T, ambient temperature + 3C temperature 
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Figure 4.4: MLB disease development under different treatments in PEHM 5 

 

 

 

Figure 4.5: MLB disease development under different treatments in CM 119  
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Figure 4.6: Comparison of different methods of disease assessment (Rating 

scale, ImageJ analysis and Detached leaf method) for PEHM 5 

under elevated levels of temperature and carbon dioxide level 

 

 

Figure 4.7: Comparison of disease assessment (Rating scale, ImageJ analysis 

and Detached leaf method) in CM 119 under elevated levels of 

temperature and carbon dioxide level 

 

T0, Ambient CO2 level + Ambient temperature level; T1, Ambient CO2 level + 1.5C elevated 

temperature than ambient level; T2, Ambient CO2 level + 3C elevated temperature than 

ambient level; T3, 550 ppm CO2 level + Ambient temperature level; T4, 550 ppm CO2 level + 

1.5C elevated temperature than ambient level; T5, 550 ppm CO2 level + 1.5C elevated 

temperature than ambient level 
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Impact of elevated temperature and CO2 on disease stress tolerance attributes  

Disease stress tolerance attributes were calculated for both genotypes. For calculating 

attributes yield was recorded in g/plant unit in healthy and diseased plants of both 

genotypes under different treatments (Table 4.17). 

 

Disease tolerance (TOL)  

Larger value of the index represents relatively more sensitivity to disease stress.  

Average disease tolerance value was found higher in CM 119 as compared to PEHM 

5. For PEHM 5 TOL value was in the order of T4 > T2 > T5 > T3 > T1 > T0, and 

for CM 119 it was T3 > T5 > T1 > T0 > T4 > T3.  

 

Disease stress susceptibility index (DSSI)  

Smaller the value of index, greater is the disease stress tolerance capacity. The 

average DSSI value was higher in CM 119 as compared to PEHM 5. For PEHM 5, 

DSSI value was in the order of T2 > T5 > T4 > T1 > T0 > T3 and for CM 119, it 

was in the order of T2 > T5 > T1 > T3 = T4 >T0. T2 treatment was found more 

sensitive towards disease stress in both the genotypes. 

 

Disease stress tolerance index (DSTI)  

The higher value of the index indicates higher disease tolerance and yield potential. 

DSTI value was higher in PEHM 5 in all treatments as compared to CM 119. For 

PEHM 5, DSTI value was in the order of T3 > T4 > T1 = T5 > T0 > T2; and for CM 

119 it was in the order of T3 > T4 > T1 > T0 > T4 = T5.
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Objective 2 

To assess impact of elevated temperature and CO2 on maydis leaf blight 

tolerance potential of maize 

For the assessment of impact of elevated temperature and CO2  on maydis leaf blight 

tolerance potential of maize (PEHM 5), three key growth  stages – vegetative, 

tasseling and dent stage were selected. At selected growth stages growth, 

physiological and bio-chemical parameters were evaluated to correlate them with 

maydis leaf blight disease tolerance. Disease assessment was done through detached 

leaf method under controlled lab conditions.  

 

Effect of elevated temperature and CO2  on growth parameters at three growth 

stages of maize 

Plant height 

At vegetative stage maximum and minimum plant height was recorded in T3 

treatment (109.4 cm) and T0 treatment (86.4 cm), respectively. Variation in plant 

height at vegetative was in the order of T3 >T4 > T5 >T1 > T2 > T0 (Table 4.18). 

The increase in plant height between the period of vegetative stage and tasseling 

stage, i.e. at tasseling stage was maximum and minimum in T3 treatment (35.97%), 

and T2 treatment (23.63%), respectively. Variation in plant height at tasseling stage 

was in the order of T3 >T4 > T1 >T5 > T0 > T2. 

The maximum increase in plant height from tasseling to dent stage was found in T0 

treatment (43.08%), and lowest increase was found in T3 treatment (23.38%). Thus, 

at tasseling stage T0 treatment was found least sensitive and T3 treatment was found 

most sensitive. Variation in plant height at dent stage was in the order of T3 >T4 > 

T0 >T1 > T5 > T2. The effect on plant height due to interaction of CO2 and 

temperature was significant at all the three stages but effect due to interaction 

between growth stage and CO2 level was non-significant. 

 

Stem girth  

At vegetative stage maximum and minimum stem girth was recorded in T3 treatment 

(5.44 cm) and T2 treatment (4.26 cm), respectively. Variation in stem girth at 

vegetative stage was in the order of T3 >T4 = T1 >T0 > T5 > T2. 

The increase in stem girth between the period of vegetative stage and tasseling stage, 

i.e. at tasseling stage was maximum and minimum in T3 treatment (40.44%), and T5 
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treatment (32.87%), respectively. Variation in stem girth at tasseling stage was in the 

order of T3 >T4 = T1 >T0 > T5 > T2, which was same as that of vegetative stage. 

The maximum increase in stem girth from tasseling to dent stage was found in T5 

treatment (13.40%), and lowest increase was found in T3 treatment (4.45%). Thus, at 

tasseling stage T5 treatment was found least sensitive and T3 treatment was found 

most sensitive. Variation in stem girth at dent stage was in the order of T3 >T4 > T1 

>T0 > T5 > T2 (Table 4.19). The effect of interaction between temperature and CO2 

was significant, but the effect due to interaction between growth stage and CO2 and 

growth stage and temperature was non-significant. 

 

 

             Table 4.18: Effect of elevated temperature and CO2 on plant height of PEHM 5   

at different growth stages  

         Plant height (cm) 

Vegetative stage Tasseling stage Dent stage 

Temperature ACO2 ECO2 Mean ACO2 ECO2 Mean ACO2 ECO2 Mean 

AT 86.4 109.4 97.9 114.2 148.8 131.5 163.4 183.6 173.5 

 AT +1.5
0
C 94.4 102.2 98.3 124.8 136 130.4 161.2 171.8 166.5 

AT +3
0
C 91.4 96 93.7 113 121.8 117.4 145.8 158.2 152 

Mean 90.7 102.5  117.3 135.5  156.8 171.2  

 

Factors C.D

. 

SE(d) SE(m)  

 

 

   

Growth stage (S) 2.85 1.43 1.01 

CO2 level (C) 2.33 1.17 0.82 

S × C NS 2.02 1.43 

Temperature (T) 2.85 1.43 1.01 

S × T 4.95 2.48 1.75 

T × C 4.04 2.02 1.43 

S × T × C NS 3.51 2.48 

 

              Significant at P < 0.05; ACO2, ambient CO2 concentration; ECO2, 550 ppm CO2   

concentration; AT, ambient temperature; 1.5T, ambient temperature + 1.5C temperature; 

3T, ambient temperature + 3C temperature
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Table 4.19: Effect of elevated temperature and CO2 on stem girth of PEHM 5 at 

different growth stages 

 

                  Stem girth (cm) 
 

Vegetative stage Tasseling stage Dent stage 

Temperature ACO2 ECO2 Mean ACO2 ECO2 Mean ACO2 ECO2 Mean 

AT 4.86 5.44 5.15 6.62 7.64 7.13 6.94 7.98 7.46 

1.5T 5 5 5 7 7 7 7.42 7.54 7.48 

3T 4.26 4.38 4.32 5.68 5.82 5.75 6.04 6.6 6.32 

Mean 4.70 4.94  6.43 6.82  6.8 7.37  

 

Factors C.D. SE(d) SE(m)  

 

 

    

Growth stage (S) 0.18 0.09 0.06 

CO2 level (C) 0.14 0.07 0.05 

S × C NS 0.12 0.09 

Temperature (T) 0.18 0.09 0.06 

S × T NS 0.15 0.11 

T × C 0.25 0.12 0.09 

S × T × C NS 0.22 0.15 

 

Significant at P < 0.05; ACO2, ambient CO2 concentration; ECO2, 550 ppm CO2 

concentration; AT, ambient temperature; 1.5T, ambient temperature + 1.5C temperature; 

3T, ambient temperature + 3C temperature 

 

 

 

 

Leaf area  

At vegetative stage maximum and minimum leaf area was recorded in T3 treatment 

(428.55 cm
2
) and T2 treatment (251.01 cm

2
), respectively. Variation in leaf area at 

vegetative was in the order of T3 >T4 > T1 >T5 > T0 > T2. The increase in leaf area 

between the period of vegetative stage and tasseling stage, i.e. at tasseling stage was 

maximum and minimum in T2 treatment (78.39%) and T1 treatment (7.41%), 

respectively. Variation in leaf area at tasseling stage was in the order of T3 >T2 > T0 

>T4 > T5 > T1. The maximum increase in leaf area from tasseling to dent stage was 

found in T1 treatment (41.64%), and minimum increase was found in T3 treatment 

(10.04%). Variation in leaf area at dent stage was in the order of T3 >T0 > T4 >T2 > 

T5 > T1 (Table 4.20). 
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Table 4.20: Effect of elevated temperature and CO2 on leaf area at different growth 

stages in PEHM 5 

                            Leaf area (cm2)  

 

Vegetative stage Tasseling stage Dent stage 

  Temperature ACO2 ECO2 Mean ACO2 ECO2 Mean ACO2 ECO2 Mean 

AT 278.69 428.56 353.62 431.92 495.69 463.81 526.97 545.45 536.21 

1.5T 305.10 362.83 333.96 327.72 422.49 375.10 464.18 498.39 481.29 

3T 251.02 288.06 269.54 447.81 363.62 405.71 496.87 455.72 476.29 

Mean 278.27 359.82  402.48 427.26  496.00 499.85  

  

Factors C.D. SE(d) SE(m)  

 

 

    Growth stage (S) 11.01 5.52 3.90 

CO2 level (C) 8.99 4.51 3.19 

S × C 15.58 7.81 5.52 

Temperature (T) 11.01 5.52 3.90 

S × T 19.08 9.57 6.76 

T × C 15.58 7.81 5.52 

S × T × C 26.99 13.53 9.57 

 

Significant at P < 0.05; ACO2, ambient CO2 concentration; ECO2, 550 ppm CO2 

concentration; AT, ambient temperature; 1.5T, ambient temperature + 1.5C temperature; 

3T, ambient temperature + 3C temperature 

 

 

 

 

Effect of elevated temperature and CO2 on growth parameters at three growth 

stages of maize 

 

Chlorophyll content  

At vegetative stage maximum and minimum chlorophyll content was recorded in T0 

treatment (1.330 ± 0.03 mg/g) and T1 treatment (1.281 ± 0.02 mg/g), respectively. 

Variation in chlorophyll content at vegetative stage was in the order of T0 >T1 > T3 

>T2 > T4 > T5. The decrease in chlorophyll content between the period of 

vegetative stage and tasseling stage, i.e. at tasseling stage was maximum and 

minimum in T5 treatment (30.66%), and T1 treatment (19.52%), respectively. 

Variation in chlorophyll content at tasseling stage was in the order of T1 >T0 > T4 
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>T3 > T2 > T5. The maximum decrease in chlorophyll content from tasseling to 

dent stage was found in T4 treatment (26.14%), and minimum decrease was found in 

T5 treatment (16.06%). Variation in chlorophyll content at dent stage was in the 

order of T1 >T0 > T3 >T4 > T2 > T5 (Table 4.21). 

 

Table 4.21: Effect of elevated temperature and CO2 on total chlorophyll content 

at different growth stages in PEHM 5 

 

                       Total chlorophyll content (mg/g) 
 

Vegetative stage Tasseling stage Dent stage 

Temperature ACO2 ECO2 Mean ACO2 ECO2 Mean ACO2 ECO2 Mean 

AT 1.33 1.26 1.29 0.99 0.91 0.95 0.78 0.75 0.77 

1.5T 1.28 1.20 1.24 1.03 0.97 1.00 0.79 0.71 0.75 

3T 1.25 1.13 1.19 0.87 0.79 0.83 0.69 0.66 0.67 

Mean 1.28 1.20  0.96 0.89  0.75 0.71  

 

Factors C.D. SE(d) SE(m)  

 

 

    
Growth stage (S) 0.036 0.018 0.013 

CO2 level (C) 0.03 0.015 0.011 

S × C NS 0.026 0.018 

Temperature (T) 0.036 0.018 0.013 

S × T NS 0.032 0.022 

T × C NS 0.026 0.018 

S × T × C NS 0.045 0.032 

 

Significant at P < 0.05; ACO2, ambient CO2 concentration; ECO2, 550 ppm CO2 

concentration; AT, ambient temperature; 1.5T, ambient temperature + 1.5C temperature; 

3T, ambient temperature + 3C temperature 

 

 

 

Relative leaf water content (RLWC)  

At vegetative stage maximum and minimum RLWC was recorded in T0 treatment 

(22.80 ± 1.01 %) and T4 treatment (12.60 ± 1.42 %), respectively. Variation in 

RLWC at vegetative stage was in the order of T0 >T2 > T3 >T1 > T5 > T4. 
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RLWC first increased from vegetative to tasseling and then decreased to some 

extent. The increase in RLWC between the period of vegetative stage and tasseling 

stage, i.e. at tasseling stage was maximum and minimum in T4 treatment (311.06%), 

and T2 treatment (56.57%), respectively. Variation in chlorophyll content at tasseling 

stage was in the order of T0 >T4 > T1 >T5 > T3 > T2. 

The maximum decrease in RLWC from tasseling to dent stage was found in T0 

treatment (15.36 %), and minimum decrease was found in T3 treatment (3.23 %). 

Variation in chlorophyll content at dent stage was in the order of T4 >T0 > T1 >T5 

> T3 > T2 (Table 4.22). 

 

Table 4.22: Effect of elevated temperature and CO2 on RLWC at different growth 

stages in PEHM 5 

 

                                   Relative leaf water content (%) 
 

Vegetative stage Tasseling stage Dent stage 

Temperature ACO2 ECO2 Mean ACO2 ECO2 Mean ACO2 ECO2 Mean 

AT 22.80 18.25 20.52 53.86 39.85 46.86 45.592 38.566 42.07 

1.5T 13.30 12.60 12.95 50.51 51.80 51.10 44.892 47.444 46.16 

3T 21.51 13.11 17.31 33.69 41.27 37.48 32.380 38.862 35.62 

Mean 19.20 14.65  46.02 44.31  40.95 41.62  

  

Factors C.D. SE(d) SE(m)  

 

 

    

Growth stage (S) 1.812 0.909 0.643 

CO2 level (C) 1.48 0.742 0.525 

S × C 2.563 1.285 0.909 

Temperature (T) 1.812 0.909 0.643 

S × T 3.139 1.574 1.113 

T × C 2.563 1.285 0.909 

S × T × C 4.439 2.226 1.574 

 

Significant at P < 0.05; ACO2, ambient CO2 concentration; ECO2, 550 ppm CO2 

concentration; AT, ambient temperature; 1.5T, ambient temperature + 1.5C temperature; 

3T, ambient temperature + 3C temperature 
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Leaf extract pH  

At vegetative stage maximum and minimum leaf extract pH was recorded in T3 

treatment (7.02 ± 0.11) and T1 treatment (6.21 ± 0.30), respectively. Variation in leaf 

extract pH at vegetative stage was in the order of T3 >T5 > T4 >T0 > T2 > T1. Leaf 

extract pH was almost decreased from vegetative to tasseling and then dent stage. 

Variation in leaf extract pH at tasseling stage was in the order of T3 >T5 > T4 >T2 > 

T0 > T1. From tasseling to dent stage there was slight increase in the pH of T0 and 

T2 treatment and decrease in all other treatments. The maximum decrease in pH 

from tasseling to dent stage was found in T5 treatment (4.97 %), and minimum 

decrease was found in T3 treatment (1.25 %). The increase in T0 and T2 treatment 

was 0.60 % and 0.78 %, respectively. Variation in pH at dent stage was in the order 

of T3 >T2 > T4 >T5 > T0 > T1 (Table 4.23). 

 

Table 4.23: Effect of elevated temperature and CO2 on leaf extract pH at 

different growth stages in PEHM 5 

 

                              Leaf extract pH 
 

Vegetative stage Tasseling stage Dent stage 

 Temperature ACO2 ECO2 Mean ACO2 ECO2 Mean ACO2 ECO2 Mean 

AT 6.22 7.02 6.62 5.90 6.67 6.29 5.94 6.59 6.26 

1.5T 6.21 6.33 6.27 5.81 6.25 6.03 5.59 6.08 5.84 

3T 6.22 6.48 6.35 6.10 6.30 6.20 6.15 5.99 6.07 

Mean 6.22 6.61  5.94 6.41  5.89 6.22  

  

Factors C.D. SE(d) SE(m)  

 

 

    

Growth stage (S) 0.21 0.10 0.07 

CO2 level (C) 0.17 0.08 0.06 

S × C NS 0.15 0.10 

Temperature (T) 0.21 0.10 0.07 

S × T NS 0.18 0.13 

T × C 0.30 0.15 0.10 

S × T × C NS 0.26 0.18 

 

Significant at P < 0.05; ACO2, ambient CO2 concentration; ECO2, 550 ppm CO2 

concentration; AT, ambient temperature; 1.5T, ambient temperature + 1.5C temperature; 

3T, ambient temperature + 3C temperature 
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Ascorbic acid content  

At vegetative stage maximum and minimum ascorbic acid content was recorded in 

T3 treatment (3.07 ± 0.29 mg/g) and T2 treatment (2.11 ± 0.13 mg/g), respectively. 

Variation in ascorbic acid content at vegetative stage was in the order of T3 >T0 > 

T4 >T5 > T2 > T1. Ascorbic acid content increased 13-14% from vegetative to 

tasseling stage in all the treatments. 

Variation in ascorbic acid content at tasseling and dent stage was in the same order as 

of vegetative stage i.e., T3 >T0 > T5 >T4 > T1 > T2. From tasseling to dent stage 

there was 9-10% decrease  in ascorbic acid content in T0, T3 and T5 treatments  and 

5-7% increase in T1, T2, and T4 treatments (Table 4.24).  

 

Table 4.24: Effect of elevated temperature and CO2 on ascorbic acid content at 

different growth stages in PEHM 5 

 

                                  Ascorbic acid (mg/g) 
 

Vegetative stage Tasseling stage Dent stage 

Temperature ACO2 ECO2 Mean ACO2 ECO2 Mean ACO2 ECO2 Mean 

AT 2.89 3.07 2.98 3.95 4.30 4.12 3.79 4.12 3.95 

1.5T 2.12 2.62 2.37 3.10 3.33 3.21 3.43 3.75 3.59 

3T 2.11 2.54 2.32 3.03 3.82 3.42 3.35 3.60 3.47 

Mean 2.37 2.74  3.36 3.81  3.52 3.82  

 

Factors C.D. SE(d) SE(m)  

 

 

     

Growth stage (S) 0.29 0.14 0.10 

CO2 level (C) 0.22 0.11 0.08 

S × C 0.14 0.20 0.14 

Temperature (T) NS 0.14 0.10 

S × T 0.50 0.25 0.17 

T × C NS 0.20 0.14 

S × T × C 0.71 0.35 0.25 

 

Significant at P < 0.05; ACO2, ambient CO2 concentration; ECO2, 550 ppm CO2 

concentration; AT, ambient temperature; 1.5T, ambient temperature + 1.5C temperature; 

3T, ambient temperature + 3C temperature
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Total phenol content  

At vegetative stage maximum and minimum total phenol content was found in T3 

treatment (53.81 ± 1.01 mg/g) and T2 treatment (39.30 ± 1.78 mg/g), respectively. 

Variation in total phenol content at vegetative stage was found in the order of T3 

>T0 > T4 >T5 > T1 > T2. 

On an average total phenol content increased from vegetative to tasseling stage in 

plants under all treatments. The increase in total phenol content between the period 

of vegetative stage and tasseling stage, i.e. at tasseling stage was maximum and 

minimum in T0 treatment (18.1%), and T1 treatment (1.1%), respectively. Variation 

in total phenol content at tasseling stage was in the order of T3 >T0 > T4 >T5 > T1 

> T2. From tasseling to dent stage there was slight decrease in the total phenol 

content of T0 (6.3%), T3 (2.2%) and T4 (0.7%) treatment and it was found to 

increase in all other treatments. Increase in T1, T2 and T5 was 8.3%, 3.5%, and 

6.6%, respectively from tasseling to dent stage. Variation in total phenol content at 

dent stage was in the order of T3 >T0 > T4 >T5 > T1 > T2 (Table 4.25). 

 

Lipid peroxidation  

Lipid peroxidation was assessed by estimating Malondialdehyde (MDA) content 

which reflects the lipid peroxidation of plant samples. At vegetative stage maximum 

and  minimum  Malondialdehyde content was found in T2 treatment (4.94 ± 0.05 

nmol/g) and T3 treatment (2.39 ± 0.13 nmol/g), respectively. Variation in 

Malondialdehyde content at vegetative stage was found in the order of T2 >T1 > T5 

>T4 > T0 > T3. 

Malondialdehyde content decreased from vegetative to tasseling in T0, T2 and T5 

treatment and increased in T1, T3 and T4 treatment. Decrease in T0, T2 and T3 

treatment was 5.1%, 8.1% and 22%, respectively and increased in T1, T3 and T4 

treatment was 2.2%, 4% and 5.4%, respectively. Variation in Malondialdehyde 

content at tasseling stage was in the order of T2 >T1 > T5 >T4 > T0 > T3. 

From tasseling to dent stage there was decrease in the Malondialdehyde content in 

T0, T1, T2 and T5 treatment (11%, 9%, 8% and 3%, respectively) and  it was found 

to increase in T3 and T4 treatment ( 13.7% and 5.1%, respectively). Variation in 

Malondialdehyde content at dent stage was in the order of T2 >T1 > T5 >T4 > T0 > 

T3 (Table 4.26). 
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Table 4.25: Effect of elevated temperature and CO2 on total phenol content at 

different growth stages in PEHM 5 

 

                   Total phenol content (mg/100g) 
 

Vegetative stage Tasseling stage Dent stage 

Temperature ACO2 ECO2 Mean ACO2 ECO2 Mean  ACO2 ECO2 Mean 

AT 45.4 55.8 50.6 55.5 58.1 56.8 54.4 56.8 55.6 

1.5T 44.6 43.5 44.1    45.2 53.3 49.3 48.8 53.0 50.9 

3T 39.6 46.9 43.2    41.2  46.2 43.7 42.7  49.5 46.1 

Mean 43.2 48.7  47.3 52.5  48.6 53.1  

  

Factors C.D. SE(d) SE(m)  

 

 

    

Growth stage (S) 1.94 0.97 0.69 

CO2 level (C) 1.58 0.79 0.56 

S × C 2.75 1.37 0.97 

Temperature (T) 1.94 0.97 0.69 

S × T 3.36 1.68 1.19 

T × C 2.75 1.37 0.97 

S × T × C NS 2.38 1.68 

 

Significant at P < 0.05; ACO2, ambient CO2 concentration; ECO2, 550 ppm CO2 

concentration; AT, ambient temperature; 1.5T, ambient temperature + 1.5C temperature; 

3T, ambient temperature + 3C temperature
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Table 4.26: Effect of elevated temperature and CO2 on MDA content at 

different growth stages in PEHM 5 

 

                Malondialdehyde content (nmol/g)   
 

Vegetative stage Tasseling stage Dent stage 

Temperature ACO2 ECO2 Mean ACO2 ECO2 Mean ACO2 ECO2 Mean 

AT 3.8 2.4 3.1 3.6     2.5 3.1 3.2 2.9 3.1 

1.5T 4.3 3.5 3.9 4.4     3.7 4.1 4.0 3.9 4.0 

3T 4.9 4.5 4.7 4.5     3.5 4.0      4.1 3.4 3.8 

Mean 4.3 3.4  4.2 3.2  3.8 3.4  

  

Factors C.D. SE(d) SE(m)  

 

 

    

Growth stage (S) 0.19 0.09 0.06 

CO2 level (C) 0.15 0.07 0.05 

S × C 0.26 0.13 0.09 

Temperature (T) 0.19 0.09 0.06 

S × T NS 0.16 0.11 

T × C 0.26 0.13 0.09 

S × T × C 0.46 0.23 0.16 

 

Significant at P < 0.05; ACO2, ambient CO2 concentration; ECO2, 550 ppm CO2 

concentration; AT, ambient temperature; 1.5T, ambient temperature + 1.5C temperature; 

3T, ambient temperature + 3C temperature 

 

 

 

Effect of elevated temperature and CO2 on physiological parameters at three 

growth stages of maize 

 

Photosynthetic rate  

Both at ambient and elevated CO2 level from vegetative to tasseling, and from 

tasseling to dent stage photosynthetic rate was found to decrease. At vegetative stage 

maximum photosynthetic rate was found in T4 treatment and minimum 

photosynthetic rate was found in T5 treatment. Similarly, at tasseling stage maximum 

and minimum photosynthetic rate was found in T0 and T5 treatment,  respectively. 

At dent stage, maximum and  minimum photosynthetic rate was observed in T3 and 

T4 treatment,  respectively. Effect of temperature was significant on photosynthetic 
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rate but effect due to interaction between temperature and CO2 was not significant 

(Table 4.27). 

 

Table 4.27: Effect of elevated temperature and CO2 on photosynthetic rate at  

different growth stages in PEHM 5 

 

Photosynthetic rate (µmol CO2 m
-2

 s
-1

) 

 
 

Vegetative stage Tasseling stage Dent stage 

  Temperature ACO2 ECO2 Mean ACO2 ECO2 Mean ACO2 ECO2 Mean 

AT 30.45 30.50 30.47 32.50 20.10 26.30 13.80 19.60 16.7 

1.5T 28.77 32.10 30.43 30.80 26.80 28.80 6.40  6.30 6.35 

3T 31.05 27.10 29.07 19.40 11.20 15.30 5.70  10.40 8.05 

Mean    30.09 29.90  27.56 19.36  8.63   12.1  

  

Factors C.D. SE(d) SE(m)  

 

 

    

Growth stage (S) 3.761 1.886 1.334 

CO2 level (C) NS 1.54 1.089 

S × C NS 2.667 1.886 

Temperature (T) 3.761 1.886 1.334 

S × T NS 3.267 2.31 

T × C NS 2.667 1.886 

S × T × C NS 4.62 3.267 

 

Significant at P < 0.05; ACO2, ambient CO2 concentration; ECO2, 550 ppm CO2 

concentration; AT, ambient temperature; 1.5T, ambient temperature + 1.5C temperature; 

3T, ambient temperature + 3C temperature 
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 Stomatal conductance   

At all the three stages stomatal conductance was found to decrease both by 

increasing temperature and CO2 level. At all the stages maximum stomatal 

conductance was found in T1 treatment and minimum was found in T5 treatment. 

The effect of temperature and CO2 was significant, but their interaction was not 

significant (table 4.28). 

 

 Table 4.28: Effect of elevated temperature and CO2 on stomatal conductance at 

different growth stages in PEHM 5 

                                Stomatal conductance (mol H2O m
-2

 s
-1

) 

 

Vegetative stage Tasseling stage Dent stage 

      Temperature ACO2 ECO2 Mean ACO2 ECO2 Mean ACO2 ECO2 Mean 

AT 0.290 0.167 0.229 0.181 0.161 0.171 0.073 0.053 0.063 

1.5T 0.198 0.189 0.194 0.121 0.133 0.127 0.023 0.030 0.027 

3T 0.158 0.118 0.138 0.910 0.063 0.487 0.017 0.024 0.021 

Mean 0.215 0.158  0.404 0.119  0.038 0.036  

 

Factors C.D. SE(d) SE(m)  

 

 

       

Growth stage (S) 0.013 0.006 0.005 

CO2 level (C) 0.011 0.005 0.004 

S × C 0.018 0.009 0.006 

Temperature (T) 0.013 0.006 0.005 

S × T 0.022 0.011 0.008 

T × C NS 0.009 0.006 

S × T × C 0.031 0.016 0.011 

 

Significant at P < 0.05; ACO2, ambient CO2 concentration; ECO2, 550 ppm CO2 

concentration; AT, ambient temperature; 1.5T, ambient temperature + 1.5C temperature; 

3T, ambient temperature + 3C temperature 
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Transpiration rate  

Result shows that transpiration rate was found to decrease substantially from 

vegetative to tasseling, and then from tasseling to dent stages. At all the stages 

transpiration rate was found to be highest in T0 treatment. At vegetative, tasseling 

and dent stages rate of transpiration was lowest in T5, T3 and T3, respectively. The 

difference due to temperature and CO2 and their interaction was significant (Figure 

4.8).  

 

 

Figure 4.8: Effect of elevated temperature and CO2 on transpiration of PEHM 5 

 

                         T0, Ambient CO2 level + Ambient temperature level; T1, Ambient CO2 level + 1.5C 

elevated temperature than ambient level; T2, Ambient CO2 level + 3C elevated 

temperature than ambient level; T3, 550 ppm CO2 level + Ambient temperature level; 

T4, 550 ppm CO2 level + 1.5C elevated temperature than ambient level; T5, 550 ppm 

CO2 level + 1.5C elevated temperature than ambient level 
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Principal component analysis response of growth, physiological, and 

biochemical parameters at different growth stages of maizes under elevated 

temperature and CO2 

 

Principal component analysis was done to determine the ccontribution of 

growth,biochmeical and physiological parameters of  different growth stages towards 

response and tolerance of maize to maydis leaf blight disease under elevated 

temperature and CO2.  

Vegetative stage 

After subjected to PCA, the amount of variability explained by PC1, PC2, PC3 PC4, 

and PC5 was 34.68%, 18.79%, 15.04%, 8.51% and 6.20%, respectively. However, 

the cumulative variance was 83.24% (Table 4.29). In PC1 two variables quantified 

for the next step were leaf area and stomatal conductance. These two variables were 

found well correlated (r > 0.70) in the intercorrelation study (Table 4.30). So, only 

leaf area was retained for MDS as it was having the higher factor loading (0.926) as 

compared to stomatal conductance. Likewise, in PC2 total phenol content and MDA 

content were quantified for the next step. These two variables were not well 

correlated (r < 0.70) in the intercorrelation study, so both the variables were retained 

for MDS. Similarly, in PC3 PC4 and PC5, RLWC, ascorbic acid content and 

photosynthetic rate was retained, respectively for MDS. After that average linear 

scores under each treatment were computed and have been depicted in Figure 4.9. 

Considering the average linear scores the order of importance of key parameters in 

influencing crop health for PEHM 5 was total leaf area (0.72) > total phenol content 

(0.70) > relative leaf water content (0.62) > photosynthetic rate  (0.58) > ascorbic 

acid content (0.57) > MDA content (0.50), with a corresponding contribution of 

19.51%, 18.92%, 16.77%, 15.71%, 15.52% and 13.53%, respectively.  
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    Table 4.29: Performance of crop health indicators in terms of factor   

                        loading / eigen vector values in principal component analysis 

                       (for PEHM 5 at vegetative stage) 

      PCs                         PC1             PC2               PC3               PC4             PC5 

      Eigen value              4.162          2.256       1.805        1.022             0.745 

      % Variance      34.687      18.796     15.042        8.518             6.205 

     Cumulative %          34.687      53.483     68.526      77.044            83.249 

Factor loading/eigen vector 

Plant height 0.727 0.313  0.259  0.200  0.166 

Stem girth 0.777  0.394 0.042  0.126  0.045 

Leaf area 0.926 0.036  0.206  0.095  0.052 

Chlorophyll 

content 
0.109  0.550 0.632  0.041 0.140 

RLWC  0.085 0.083 0.750 0.503 0.042 

Photosynthetic 

Rate 
 0.368 0.549  0.154  0.203 0.547 

Stomatal 

conductance 
0.845 0.234 0.295 0.243 0.090 

Transpiration 

rate 
0.826 0.410 0.116 0.203  0.065 

Leaf extract pH 0.629 0.378 0.064  0.055 0.409 

Ascorbic acid 

content 
0.009  0.293  0.623 0.617 0.307 

Total phenol 

content 
 0.383 0.715 0.411  0.177  0.039 

MDA content  0.282 0.653  0.218 0.384  0.340 

     *Bold values indicate the eigen vectors within 10% of the highest factor loadings 
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Table 4.30: Inter-correlations between highly weighted variables 

                      under different principal components 

  

PC 1 variables Leaf area Stomatal conductance 

Leaf area 1 0.708** 

Stomatal conductance 0.708** 1 

 

PC 2 variables Total phenol content MDA content 

Total phenol content 1 0.378* 

MDA content 0.378* 1 

   **P < 0.01, * P < 0.05 

 

 

  Figure 4.9: Radar graphs for PEHM 5 at vegetative stage depicting the average 

linear score of key indicators which were found important under 

different treatments 

                           T0, Ambient CO2 level + Ambient temperature level; T1, Ambient CO2 level + 1.5C elevated 

temperature than ambient level; T2, Ambient CO2 level + 3C elevated temperature than 

ambient level; T3, 550 ppm CO2 level + Ambient temperature level; T4, 550 ppm CO2 level + 

1.5C elevated temperature than ambient level; T5, 550 ppm CO2 level + 1.5C elevated 

temperature than ambient level 

 

Tasseling stage 

At  tasseling stage key parameters identified through PCA  were stem girth, leaf area, 

stomatal conductance, transpiration rate, leaf extract pH and total phenol content. 
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Order of importance of key parameters in influencing crop health for PEHM 5 was 

stem girth (0.83) > leaf extract pH (0.81) > leaf area (0.78) > total phenol content  

(0.69) > stomatal conductance (0.58) > transpiration rate (0.48), with a corres -

ponding contribution of 19.99%, 19.40%, 18.64%, 16.57%, 13.88% and 11.48%,  

respectively. 

Table 4.31: Performance of crop health indicators in terms of factor  loading   

/eigen vector values in principal component analysis (at  tasseling 

                    stage) 

PCs PC1 PC2 PC3 PC4 PC5 PC6 

Eigen value 3.567 2.539 1.527 1.038 0.917 0.717 

% Variance 29.728 21.157 12.726 8.647 7.641 5.974 

Cumulative % 29.728 50.885 63.611 72.258 79.899 85.873 

Factor loading/eigen vector  

Plant height 0.780  0.088  0.194 0.167 0.323 0.157 

Stem girth 0.844 0.292  0.101 0.025 0.038 0.268 

Leaf area 0.268  0.072  0.055 0.910 0.098  0.181 

Chlorophyll 

content 
0.144 0.825 0.236  0.106 0.083 0.070 

RLWC 0.337 0.431 0.628  0.328  0.260 0.208 

Photosynthetic rate  0.115  0.036 0.032  0.020 0.056 0.057 

Stomatal 

conductance 
 0.043 0.892 0.047 0.044  0.251 0.148 

Transpiration rate  0.174 0.074 0.910 0.020 0.000 0.156 

Leaf extract pH 0.205  0.153  0.038 0.117 0.928  0.097 

Ascorbic acid 

content 
 0.186  0.183  0.204 0.184 0.104  0.897 

Total phenol 

content 
 0.743  0.100  0.522  0.145  0.068 0.247 

MDA content  0.324  0.631 0.118 0.507 0.170 0.015 

*Bold values indicate the eigen vectors within 10% of the highest factor loading 
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Table 4.32: Inter-correlations between highly weighted variables 

                     under different PCs 

 

PC 1 variables Plant height Stem girth 

Plant height 1 0.660** 

Stem girth 0.660** 1 

PC 2 variables                         Chlorophyll content           Stomatal conductance 

Chlorophyll content 1 0.604** 

Stomatal conductance 0.604** 1 

PC 6  variables Stem girth Total phenol content 

Stem girth 1  0.493** 

Total phenol content  0.493** 1 

**P < 0.01 

 
  Figure 4.10: Radar graphs for PEHM 5 at tasseling stage depicting the average    

linear score of key indicators which were found important under 

different treatments 

                              T0, Ambient CO2 level + Ambient temperature level; T1, Ambient CO2 level + 1.5C elevated 

temperature than ambient level; T2, Ambient CO2 level + 3C elevated temperature than 

ambient level; T3, 550 ppm CO2 level + Ambient temperature level; T4, 550 ppm CO2 level + 

1.5C elevated temperature than ambient level; T5, 550 ppm CO2 level + 1.5C elevated 

temperature than ambient level 
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Dent stage  

At  dent stage key parameters identified were stem girth, leaf area, stomatal 

conductance, leaf extract pH, total chlorophyll content total phenol content.Order of 

importance of key parameters was stem girth (0.83) > leaf extract pH (0.81) > leaf 

area (0.78) > total phenol content (0.69) > stomatal conductance (0.58) > 

transpiration rate (0.48), with a corresponding contribution of 19.99%, 19.40%, 

18.64%, 16.57%, 13.88% and 11.48%, respectively. 

Table 4.33: Performance of crop health indicators in terms of factor loading 

/eigen vector values in principal component analysis (Dent stage) 

PCs PC1 PC2 PC3 PC4 PC5 PC6 PC7 

Eigen value 3.253 2.409 1.520 1.078 0.952 0.810 0.741 

% Variance 27.111 20.072 12.664 8.986 7.930 6.754 6.171 

Cumulative % 27.111 47.183 59.846 68.833 76.762 83.517 89.688 

Factor loading/eigen vector 

Plant height 0.516 0.008 0.635  0.315 0.291 0.174 0.120 

Stem girth 0.772  0.010 0.406  0.239 0.236 0.001  0.004 

Leaf area  0.028 0.050 0.937 0.006 0.033 0.086  0.140 

Chlorophyll 

content 
0.263 0.370 0.051 0.420 0.611 0.152  0.152 

RLWC 0.567 0.610 0.070  0.224  0.014  0.413  0.076 

Photosynthetic 

rate 
 0.089 0.161  0.096 0.148  0.049  0.010 0.935 

Stomatal 

conductance 
 0.227 0.883 0.115  0.017 0.110 0.080 0.149 

Transpiration 

rate 
 0.181 0.637  0.253 0.435 0.220  0.253 0.275 

Leaf extract 

pH 
0.024  0.033 0.135  0.105  0.078 0.964  0.019 

Ascorbic acid 

content 
 0.055  0.060  0.109 0.246  0.909 0.154  0.002 

Total phenol 

content 
 0.133  0.009  0.069 0.888  0.152  0.093 0.166 

MDA content  0.861 0.285 0.161  0.061 0.000  0.045 0.148 

 

*Bold values indicate the eigen vectors within 10% of the highest factor loadings 
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Figure 4.11: Radar graphs for PEHM 5 at dent stage depicting the average    

linear score of key indicators which were found important under 

different treatments 

                               T0, Ambient CO2 level + Ambient temperature level; T1, Ambient CO2 level + 1.5C elevated 

temperature than ambient level; T2, Ambient CO2 level + 3C elevated temperature than 

ambient level; T3, 550 ppm CO2 level + Ambient temperature level; T4, 550 ppm CO2 level + 

1.5C elevated temperature than ambient level; T5, 550 ppm CO2 level + 1.5C elevated 

temperature than ambient level 

 

 

 

Maydis leaf blight (MLB) Disease tolerance potential  in maize  

MLB disease tolerance potential  of  maize under elevated temperature and CO2 was 

assessed at veegative, tasseling and dent growth stages under controlled lab condition 

through detached leaf method. Under lab condition healthy leaves from plants of different 

growth stages grown under different treatments were inoculated with MLB pathogen and 

observed for disease progress. Observations taken after 48, 72 and 96 h of inoculation 

showed that the  infection was in the order of T2 > T1 > T5 > T4 > T0 > T3.  
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          Day 2 (after 48 h)                  Day 3 (after 72 h)                Day 4 (after 96 h) 
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       Day 2 (after 48 h)                  Day 3 (after 72 h)                Day 4 (after 96 h) 

          

 

        Day 2 (after 48 h)                  Day 3 (after 72 h)                Day 4 (after 96 h) 

 

Plate 4.2: MLB disease development in leaves of vegetative stage plants under different 

treatments inoculated with MLB pathogen after 48, 72 and 96 hours of 

inoculation 

                    A, Ambient temperature and carbon dioxide level; R1, Leaf sample of vegetative growth 

stages  PEHM 5 plant;  1, 550ppm elevated CO2 than ambient level + 1.5
0
C elevated 

temperature than ambient level; 2,  Ambient CO2 level  +  1.5
0
C elevated temperature 

than ambient level; 3, 550ppm elevated CO2 than ambient level + 3
0
C elevated 

temperature than ambient level; 4, 550ppm elevated CO2 than ambient level + Ambient 

temperature; 5, Ambient CO2 level + 3
0
C elevated temperature than ambient level 

 

On tasseling and dent stage leaves of PEHM 5 from plants under different 

treatments, establishment of MLB pathogen was not   successful. Therefore tolerance 

potential of tasseling and dent stage to disease was assessed through correlation with 

content of biochemical defence compounds i.e., total phenol, MDA and ascorbic acid 

content (Table 4.35). Disease severity observed under different treatment at 

vegetative stage in PEHM 5 was correlated with the, total phenol, MDA and ascorbic 

acid content. It was observed that phenol and ascorbic acid content were negatively 

correlated and MDA content was positively correlated with disease severity (Figure 

4.12, 4.13 and 4.14). 
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Table 4.34: Effect of elevated temperature and CO2 on MLB disease 

development on vegetative growth stage in PEHM 5 

 

Percentage disease infection 

 

48 h after inoculation 72 h after inoculation 96 h after inoculation 

Temperature ACO2 ECO2 Mean ACO2 ECO2 Mean ACO2 ECO2 Mean 

AT 6.22 7.42 6.82 21.37 25.02 23.20 92.56 85.05 88.81 

1.5T 7.11 6.29 6.70 23.93 28.58 26.26 89.25 87.47 88.36 

3T 5.77 6.19 5.98 23.17 24.59 23.88 83.98 83.47 83.72 

Mean 6.36 6.63  22.82 26.06  88.60 85.33  

  

Factors C.D. SE(d) SE(m)  

 

 

    
Period of observation (P) 0.007 0.004 0.003 

CO2 level (C) 0.006 0.003 0.002 

P × C 0.011 0.005 0.004 

Temperature level (T) 0.007 0.004 0.003 

P × T 0.013 0.006 0.005 

T × C 0.011 0.005 0.004 

P × T × C 0.018 0.009 0.006 

 

Significant at P < 0.05; ACO2, ambient CO2 concentration; ECO2, 550 ppm CO2 

concentration; AT, ambient temperature; 1.5T, ambient temperature + 1.5C temperature; 

3T, ambient temperature + 3C temperature 
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  Table 4.35: Effect of elevated temperature and CO2 on defense compounds content in   

PEHM 5 at different growth stages 

 

*AA, Ascorbic acid content (mg/g); TP, Total phenol content (mg/100g); MDA, 

Malondialdehyde content (nmol/g) 

 

 

 

Figure 4.12: Corealtion between disease severity and ascorbic acid content of  PEHM 5 

 

 

y = -0.0512x + 7.0726 
R² = 0.5055 

0

0.5

1

1.5

2

2.5

3

3.5

80 85 90 95 100

A
sc

o
rb

ic
 c

o
n

te
n

t 
(m

g/
g)

 

Disease severity (%) 

Treatment Vegetative stage Tasseling stage Dent stage 

*AA TP MDA  AA TP MDA  AA TP MDA  

T0 2.89 45.4 3.8 3.95 55.5 3.6 3.79 54.4 4.04 

T1 2.12 44.6 4.3 3.10 45.2 4.4 3.43 48.8 2.92 

T2 2.11 39.6 4.9 3.03 41.2 4.5 3.35 42.7 3.86 

T3 3.07 55.8 2.4 4.30 58.1 2.5 4.12 56.8 3.18 

T4 2.62 43.5 3.5 3.33 53.3 3.7 3.75 53.0 3.35 

T5 2.54 46.9 4.7 3.82 46.2 3.5 3.60 49.5 4.05 

Average 2.56 45.9 3.9 3.58 49.9 3.8 3.70 50.9 3.6 
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Figure 4.13: Corealtion between disease severity and total phenol content of  PEHM 5 

 

 

 

 

 

 

Figure 4.14: Corealtion between disease severity and MDA content of  PEHM 5 
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Yield 

The yield was found highest in T3 treatment and was lowest in T2 treatment. At 

ambient temperature yield was found to increase significantly at elevated CO2 levels. 

Positive response of yield was also found when temperature was increased to 1.5C. 

at elevated CO2 levels. Though interactive effect of CO2 and temperature on yield 

was nonsignificant. In present study average yield under different treatment was in 

the order T3>T4>T5>T1>T0>T2 (Table 4.36). 

 

 

     Table 4.36: Effect of elevated temperature and CO2 on grain yield per plant  

for PEHM 5 

 

 AT 1.5T 3T Mean 

ACO2 36.08 38.4 35.08 36.52 

ECO2 47.62 45.22 40.46 44.43 

Mean 41.85 41.81 37.77  

Factors C.D.  SE(d) SE(m)  

CO2 level (C) 2.301 1.108 0.784  

Temperature (T) 2.818 1.357 0.96  

C × T N/A 1.919 1.357  

Significant at P < 0.05; ACO2, ambient CO2 concentration; ECO2, 550 ppm CO2 

concentration; AT, ambient temperature; 1.5T, ambient temperature + 1.5C temperature; 

3T, ambient temperature + 3C temperature 
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Discussion   

 

              Recent IPCC assessment reports have reported that at global scale climate 

change has occurred, and will be continued in near future at different rates. Due to 

climate change, global atmospheric carbon dioxide (CO2) concentration is rising and 

projected to reach 560 ppmv by 2050 and global surface temperature increase by the end 

of 21
st
 century is likely to exceed 1.5C relative to 1850 (IPCC, 2013). Climate change 

will influence growth, productivity and distribution of crops with variable magnitude. 

According to the universally accepted concept of “plant disease triangle” the three legs 

of the triangle – host, pathogen, and environment – must be present and interact 

appropriately for plant disease to result. CO2 and temperature are among the most 

important environmental variables that may affect the plant disease triangle in various 

ways. Plant-pathogen interactions are determined by complex changes in crops and 

agricultural practices that may result from climate change thereby uncertainties about 

disease occurrence prevails. Despite the studies on how CO2 and temperature together 

will influence plant diseases, the impact on primary production in agricultural systems 

specifically with respect to India is very limited. It is important to develop understanding 

on this aspect. With this hypothesis in the present study, experiments were carried out to 

observe the response of maize varieties and its different growth stages pre exposed with 

elevated levels of CO2 and temperature to maydis leaf blight disease tolerance.   

The meteorological conditions during the crop growth period at the experimental site 

were as per the optimum requirement of the maize crop. At the experimental site the 

mean maximum temperature and mean minimum temperature was 34.1ºC ± 2.5 and 22.7 

± 4.0C respectively. The optimum temperature for maize plant in day and night times 

ranges from 22 to 32C and 16.7 to 23.3ºC, respectively.  

Results of the study showed that elevated levels of temperature and CO2 (abiotic stress) 

exposure to maize crop altered its response (tolerance or susceptibility) as well as 

interaction with the MLB disease causing pathogen (biotic stresses) in terms of disease 

development. It was observed that between the two maize genotypes, functional traits 

(growth, physiological and biochemical processes, yield and disease tolerance potential) 
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were more adversely affected in CM 119 as compared to PEHM 5 from the elevated 

levels of CO2 and temperature exposure. The response of growth parameters reflect the 

growth behavior of a crop, besides genetic characteristics, availability of essential 

nutrients, space, water and environmental condition under which it is grown.  It might be 

due to genetic difference among different maize hybrids (Rahman et al., 2013). In 

literature also variability in response of other maize genotypes to abiotic (Karim et al., 

2000) and biotic stress (Sharma et al., 2000) has been reported.   

The principal component analysis done for the response of the growth, physiology and 

biochemical parameters of the genotypes shows that out of all the growth, physiology 

and biochemical parameters observed in the present study, the contribution of some of 

the parameters was more detrimental as compared to other parameters. The key 

parameters with respect to both PEHM 5 and CM 119 were chlorophyll content, RLWC, 

ascorbic acid, total phenol content and MDA content, but the percentage contribution of 

each was variable.   

Maize being a C4 crop has higher temperature optima for growth and physiological 

processes, thus better adapted to warmer climate. On these temperatures the 

photosynthetic rate become rapid than respiration resulting in increased plant growth. 

Plant growth is affected badly when the temperature decreases below 5ºC or rises above 

32ºC (Naveed et al., 2014). 

Results of our study also shows that the growth, physiology, yield and synthesis of 

biochemical defense compounds against the pathogen were more adversely affected 

under +3ºC than the +1.5ºC temperature stress under ambient as well as elevated CO2 

levels as compared to control. In previous studies also it has been reported that maize 

crops response is significantly affected by temperature and it is not altered by CO2 

enrichment (Kim et al., 2007).   

Effect of elevated levels of CO2 in C4 species, was less positive than C3 plants, but 

certainly not nil (Ghannoum et al., 1997). Maize like other C4 crops do not show 

response to doubling of the ambient CO2 concentration, but it is not as much to C3 crops, 

where growth stimulating response is almost invariably found (Poorter, 1993). In our 

study also under elevated CO2 impact on some of the functional traits (growth, 

biochemical, photosynthesis w.r.t physiological and yield parameters) was positive on 
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both the maize genotypes. But this enhancement was reversed when plants are exposed 

to elevated temperature with elevated CO2, though it is slightly more than individual 

elevated temperature treatments. Increase in plant height, stem girth and leaf area was 

observed in both the genotypes with elevated CO2 and ambient temperature levels, 

whereas with increase in temperature levels enhancement effect of elevated CO2 on 

growth parameters was not exhibited in both genotypes. Though temperature stress due 

to +1.5C with ambient CO2 levels enhanced stem girth (4 and 10%) of both genotypes, 

but in plant height (35%) and leaf area (up to 16%) decline was observed. Similar to 

our observation Karim et al. (2000) also reported decrease in growth parameters of six 

tropical maize genotypes with temperature stress. In the present study it was found that 

at ACO2 due to +1.5ºC and +3ºC temperature treatment leaf area was decreased by 

16.45% and 27%, respectively. Similar findings were also reported by Thiagarajah and 

Hunt (1982), where temperature above 35C resulted in reduction of leaf area by 33%. 

In literature it has been reported that at high temperature demand of growing parts of 

plant (sinks) is high and assimilate declines, with elevated CO2 levels the response will 

be positive (Morison and Lawlor, 1999). 

On comparing response of growth parameters at three growth stages to the treatments, 

significant (P < 0.05) effect was observed due to interactive effect of CO2 and 

temperature. At all growth stages growth parameters response was positive under ECO2 

and negative under elevated temperature treatment plants as compared to control. In 

literature no study indicated the response of growth stages to the elevated CO2 and 

temperature. 

Similar to growth parameters, biochemical response of genotypes as well as of three 

growth stages was altered due to elevated CO2 and temperature. Biochemical defense is 

a powerful mechanism in plants which helps in resistance against disease. Accumulation 

of these substances provides workable protection against diseases. 

Chlorophyll is one of the key components for photosynthesis, rate of photosynthesis 

increases with increase in chlorophyll content (Taiz and Zeiger, 2010). In the present 

study also variation in average total chlorophyll content of both the genotypes was 

observed. Under control treatment it was low in CM 119 than PEHM 5. Slight increase 

and then decrease in chlorophyll content of both genotypes with low temperature stress 
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(+1.5C) and at high temperature stress (+3ºC), respectively was observed. The present 

study results show positive and negative effect of +1.5ºC and +3C temperature stress, 

respectively on chlorophyll content. The reduction in chlorophyll content found was 

may be due to more rapid leaf senescence under higher temperature. The enhancement 

effect of elevated CO2 as it was with the growth parameters was not observed with the 

chlorophyll content. Chlorophyll content was highest in control treatment at all the three 

growth stage, except at tasseling stage when it was more for T1 treatment plants. 

Chlorophyll content varies with plant species, leaf age and biotic and abiotic condition 

(Katiyar and Dubey, 2001). 

RLWC (relative leaf water content) of a leaf represents its water content as compared to 

its saturation state. Optimum level of RLWC helps plant to maintain its physiological 

processes under stress condition. RLWC of leaves of PEHM 5 was higher than CM 119. 

The effect of treatments on RLWC of genotypes was statistically significant (P < 0.05). 

RLWC was highest for both the genotypes under T3 treatment and lowest in T2 

treatment, indicates that higher temperature stress adversely affect the water status in 

maize genotypes. RLWC was found to increase in maize with ageing; it was maximum 

at dent stage and minimum at vegetative stage. Similar to chlorophyll content, RLWC 

was also high for control treatment at all the three growth stage, except at dent stage 

when it was more for T4 treatment plants. Many investigations have shown that when 

leaves are subjected to stress, leaves exhibit large reductions in relative water content 

and water potential (Nayyar and Gupta, 2006). 

Results shows that leaf extract pH of maize plants become acidic with abiotic and biotic 

stress exposure in both maize genotypes. It was more acidic in CM 119 as compared to 

PEHM 5. Leaf extract pH of maize plant was decreasing with increasing crop age. The 

acidic pH found was may be due to synthesis of secondary metabolites defense 

compounds in response to abiotic and biotic stress exposure. Leaf extract pH  integrates 

the effects of many compounds and processes in the leaf that affect its exchange 

capacity for H
+
 ions. However, some substances are particularly strong determinants of 

leaf pH. High concentrations of metal cations (calcium, magnesium, potassium) will 

give high pH, whereas high concentrations of organic acids and of C-rich secondary 

metabolites (chemical defense compounds) such as phenol, tannins, will tend to give a 
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lower pH  (Pérez-Harguindeguy et al., 2013). Susceptibility and tolerance of plants 

increases with low and high pH respectively (Singh and Verma, 2007; Kumar and 

Nandini, 2013). Felle et al. (2004) also reported transiently decreased in apoplastic pH 

of barley leaves following infection by the powdery mildew fungus Blumeria graminis f. 

sp. hordei.  

Reactive oxygen species (ROS) are generated as natural products during the stress 

exposure in plants. The accumulation of ROS could break the balance between ROS 

production and the capacity of plants to scavenge for them. Ascorbic acid acts as an 

ROS scavenger and protects the cell membrane from its toxic action (Smirnoff, 2005; 

Szarka et al., 2007). It activates many physiological and defense mechanism in the 

plants. Its reducing power increases as the concentration increases (Raza and Murthy, 

1988; Sairam and Saxena, 2000; Agbaire and Esiefarienrhe, 2009); but its’ reducing 

activity is dependent on pH, so more reducing activity is found at higher pH because 

high pH increases the efficiency of conversion of hexose sugar to ascorbic acid (Lui and 

Ding, 2008; Chouhan et al., 2012). In the present study ascorbic acid content was high in 

PHEM 5 as compared to CM 119, indicates that it is relatively more resistant to stress 

induced by the pathogen after exposure to elevated CO2 and temperature. Ascorbic acid 

concentration was increasing with increase in age under control treatment. The increase 

in ascorbic acid concentration was more in plants grown under elevated CO2 than 

elevated temperature at all the three growth stages. Temperature stress negatively 

affected the ascorbic acid synthesis. 

Results in the present study also show that average phenol content was high in PEHM 5 

than CM 119 because of genotypic variation. Total phenol content was lowest in plant 

exposed to +3C with ambient CO2 and maximum under elevated CO2 conditions. On 

comparing growth stages increase in phenol content was observed from vegetative stage 

to dent stage in plants under all treatment. The results also suggested that the 

accumulation of total phenol was higher in infected genotypes as compared to healthy 

ones. Statistically (P < 0.05), in present study impact of genotype, CO2 and temperature 

levels on phenol content is significant (Table 4.8). Literature shows that the 

concentration of total phenols varies with genotypes, growth stage as well as with CO2 

and temperature treatments. Environmental factors viz. temperature, humidity, light 
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intensity, the supply of water, minerals and CO2 influence the growth of a plant and 

secondary metabolite production (Ramakrishna and Ravishanker, 2011). Similar to our 

observation, enhancement in phenol content was observed in maize after exposure to 

elevated CO2 levels (Li et al., 2008) and post pathogen infection. Some reports that 

secondary metabolites increase in response to elevated temperature (Jochum et al., 

2007), while others report that they decrease (Snow et al., 2003). High phenolic content 

were also found in strawberry fruits (Wang et al., 2003) when plants were grown under 

CO2 enrichment conditions (ambient + 600 μmol/mol). Elevated atmospheric CO2 under 

non-limiting nutrient and water supply increased total phenolics in Pinus eliotti (Saxon 

et al., 2004). The same trend was found in perennial grasses (Castells et al., 2002) as 

well as in several tropical trees (Coley et al., 2002). 

ROS synthesis in plants causes oxidation of lipids present in cell membrane. 

Melonialdehyde (MDA) is a product of lipid peroxidation and usually used as the 

criterion of stress-induced oxidative damage to membrane (Zhang et al., 2006). In the 

present study, MDA content was significantly high (P < 0.05) in elevated CO2 and 

temperature stress exposed and with MLB disease plants (Table 4.9). Increase was more 

in CM 119 than PEHM 5, indicates more damage and susceptibility in CM 119 than 

PEHM 5. Similar to our observation Sharma et al. (2002) also reported low and high 

accumulation of MDA in resistant (CHH62) and susceptible (JK2595 and FH3088) 

maize genotype interaction with Rhizoctonia solani.  MDA content in control plants was 

increasing with increase in age. But for other elevated CO2 and temperature treatments 

MDA was high at vegetative and tasseling stage and low at dent stage plants.   

The basic material of photosynthesis is the atmospheric carbon dioxide content. This gas 

reaches the place of the biochemical processes through the stomata. For this reason 

stomatal resistance is a limiting factor for the penetration of CO2 in the leaf, but also 

regulates the getting out of water vapors, so the transpiration. Results of the present 

study show genotypic variation with respect to photosynthesis. Rate of photosynthesis in 

both the genotypes was enhanced with elevated CO2 but decline with temperature stress, 

whereas, stomatal conductance and transpiration is reduced under elevated CO2 and 

temperature in both genotypes. The results contradicts the view that in C4 crops 

photosynthesis do not increase with elevated levels of CO2 (Bowes, 1993) and supports 
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the  view that photosynthesis is not saturated at current CO2 levels but it can increase 

with elevated CO2 levels (Wand et al.,1999). The increase in net photosynthesis in C3 

species has been reported as high as 50100% when CO2 concentration doubles 

compared to 10% in C4 species (Anda and Kocsis, 2008). It has been reported that the 

warmer temperature increases the ratio of respiration to photosynthesis and elevated CO2 

decreases it (Morison and Lawlor, 1999).  Similar to our observation reduced stomatal 

conductance and transpiration under elevated CO2 with well water condition has been 

reported in many literatures. In literature also it has been reported that with elevated CO2 

stomatal conductance reduces at the leaf level by 3040%, although large differences 

among species exists (Anda et al., 2002). Decrease in stomatal conductance, causes a 

decrease in transpiration which leads to an increase in leaf temperature. The temperature 

of the leaf surface may rise 0.51.7°C only due to doubling CO2 concentration (Idso, 

1987; Van de Geijn, 1996) or even up to 3°C, depending on the species and the weather 

(Rosenberg, 1990). Transpiration is not only affected by the stomatal opening, but also 

by exchange of the water vapour from the leaf surface to the surrounding atmosphere.  It 

has been reported in the literature that water vapor pressure decreases with the 

increasing CO2 level (Rosenberg, 1990).  

Grain yield of a crop is the expression of combined effects of various yield components. 

Among the two genotypes average grain yield/plant was high for PEHM 5 (21.2 g) than 

CM 119 (4.1 g). Exposure of genotypes to elevated temperature and CO2 and MLB 

disease adversely affected their yield. Both genotypes’ yield was maximum under 

elevated CO2 treatment without MLB disease and minimum under elevated temperature 

stress with MLB disease. This difference in grain yield among genotypes might be due 

to their genetic variation and difference in acclimation capacity to high temperature, 

which reduced the yield drastically due to its detrimental effects on metabolism and 

duration of phenological phases (Acevedo et al., 1990; Jenner, 1991). High temperature 

may affect the pollen viability and fertilization which result in large yield reduction in 

maize (Lobell et al., 2013). It has been estimated that a doubling CO2 concentration, 

holding other factors constant, could lead to a 34±6% increase in agricultural yields of 

C3 plants and a 14±11% in C4 plats with a 95% confidence interval (Kimball, 1983). 
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In the present study exposure of elevated CO2 and temperature altered the maize 

genotypes as well as growth stages tolerance to MLB disease. MLB disease severity 

was more on CM 119 than PEHM 5. It indicates that with elevated levels of CO2 and 

temperature the tolerance of CM 119 will be low, so its use as an inbred line for maize 

breeding programmes should be done cautiously. Previous studies also showed that 

hybrids are found to perform better than inbred lines for many traits under abiotic and 

biotic stress (Sharma et al., 2000). It may be because exposure of CO2 and temperature 

levels induces changes in plant morphology, physiology and biochemistry and will 

influence diseases development (Chakraborty, 2005). Undoubtedly the nature of host 

(e.g. annual vs. perennial, C3 vs. C4) and pathogen (e.g. root-infecting vs. shoot-

infecting, biotroph vs. necrotroph) population and climate (e.g. asymmetric temperature 

shifts will have direct and indirect effects from changes in both maxima and minima) 

are determining the effect of  elevated levels of CO2 and temperature on  disease 

incidence (Chakraborty, 2005).  

Reduced and high disease severity under elevated CO2 and temperature stressed plants, 

respectively was likely due to altered leaf chemistry. In our study also we have observed 

alteration in synthesis of biotic stress related defense compounds (phenol, ascorbic acid 

and MDA) in plant under different treatment. This indicates that the biochemical defense 

compounds synthesis was triggered under elevated levels of CO2 and temperature, 

however, they were unable to totally inhibit the pathogen may be because of more 

virulence in pathogen. The presence of a high concentration of phenolic compounds is 

considered to be one of the major factors for an incompatible host pathogen interaction. 

After infection by a pathogen, plant cells synthesize phenol oxidising enzymes that 

oxidise phenols into toxic quinines, which play a crucial role in disease resistance (Jiang 

et al., 2009; Ashry and Mohamed, 2011). Siqueira et al. (1991) discussed the role of 

phenolic compounds in host pathogen interaction, particularly in disease resistance.  

Our results show that MLB development is more influenced by the combination of CO2 

concentration and temperature than by CO2 level alone. MLB disease severity was less 

on plants exposed to elevated CO2 and more on plants exposed to elevated temperature. 

Different disease indices also indicate that the tolerance of genotypes was highest under 

elevated CO2 and minimum under +3
o
C temperature at ambient level treatment. This 
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may be increased CO2 and temperature induces some changes in host physiology and 

biochemistry, for instance linked to the observed increased assimilation under high 

concentration of CO2 that can be involved in the activation of plant defense mechanisms. 

The similar observation were reported for  the rust pathogen Maravalia cryptostegiae, 

used for the biological control of the woody weed rubber vine (Cryptostegia grandiora), 

reduces growth enhancement of the weed under twice-ambient CO2 from 24% to less 

than 16% (Chakraborty, 2005). It has been reported that with 3
o
C increase in the 

temperature throughout the growing season accelerate senescence of leaves (Morison 

and Lawlor, 1999). Less disease severity on plants exposed to elevated CO2 may be due 

to the healthy vegetative development i.e., plants produced more leaves, which 

corresponded to greater water content and so, to less susceptibility to MLB pathogen, as 

it is necrotrophic in nature.  

At ambient temperature, elevated CO2 exposure to plants does not supported growth of 

MLB pathogen i.e., less disease severity was observed. On the contrary, elevated CO2 

exposure in combination with elevated temperature levels stimulated MLB 

development on both the genotypes. These results suggest that the increase of CO2 per 

se had no positive effect on disease development, while temperature stress per se 

significantly increased disease development. Similar observation were reported 

by  McElrone et al. (2005) that elevated CO2 significantly reduced disease caused by 

foliar fungal pathogen, Phyllosticta minima, of Acer rubrum, with 22%, 27%, and 8% 

fewer saplings and 14%, 4%, and 5% fewer leaves infected per plant in the three 

consecutive years, respectively. 

In our study, through leaf detached technique maximum infection was observed  at the 

end of 96 h incubation period, when at ambient CO2 level temperature was increased up 

to 3C. Garraway et al. (1989) also found similar results in lab condition when they 

studied exposure of resistant and susceptible isolines of maize (Zea mays L.) leaves to 

high temperature stress, i.e. 42C for 6 h before inoculation with Bipolaris maydis race 

‘T’ followed by incubation in the dark at 28C for 24 h, resulted in a significant decrease 

in peroxidase activity (its’ high levels indicates tolerance capacity of plant), significant 

increase in electrolyte leakage as well as in sporulation in both isolines compared with 

the control (leaves not exposed to high temperature stress before inoculation). Garraway 
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et al. (1989) suggested that increased sporulation on maize leaves in response to high 

temperature stress appeared to be related with increased electrolyte linkage. 

On the basis of results of our study we can conclude, with +1.5
o
C temperature elevation 

as well with +1.5
o
C temperature and elevated CO2, growth of the MLB pathogen and its 

incidence of maize crop will be more.  Considering that the rising concentrations of CO2 

and temperature in future are likely to indirectly enhance MLB disease severity in 

susceptible as well as resistant maize genotypes.   
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Summary and Conclusion 
 

                 The impact of elevated temperature and CO2 on tolerance potential of maize 

to maydis leaf blight (MLB) disease was assessed at IARI experimental field. Maize 

plants were exposed to six treatments representing combination of two levels of CO2 

(ambient and elevated) and three levels of temperature (ambient, +1.5C, +3C) in open 

top chambers (OTCs). A pot experiment was carried out to assess the impact of different 

levels of elevated temperature and CO2 on response of PEHM 5 (susceptible) and CM 

119 (resistant) maize genotypes. A field experiment was carried out to assess the impact 

different levels of elevated temperature and CO2 on tolerance potential of maize at 

different growth stages vegetative, tasseling and dent stage. After exposure to elevated 

temperature and CO2 levels maize plants under both experiments were monitored for the 

changes with respect to growth, physiological, biochemical, yield and disease severity. 

The salient findings of the study are presented below: 

1. Effect of elevated temperature and CO2 on morphological growth of PEHM 5 

and CM 119 was assessed w.r.t plant height, stem girth and leaf area. All the 

three growth parameters were adversely affected by +3ºC temperature with 

ambient CO2 levels as compared to control treatment (ambient CO2 and ambient 

temperature).  Among the two genotypes the average growth of CM 119 was 

more adversely affected than PEHM 5 by the treatments. 

2. Effect of elevated temperature and CO2 on biochemical response of PEHM 5 and 

CM 119 was assessed w.r.t. chlorophyll, relative leaf water content (RLWC), 

leaf extract pH, ascorbic acid, total phenol and MDA (lipid peroxidation) 

content. At ACO2 level when temperature was increased up to 1.5C, there was 

enhancement in total chlorophyll and RLWC in both PEHM 5 and CM 119, but 

when temperature was increased to the level of 3C, the total chlorophyll content 

was decreased significantly. Under elevated CO2 level enhancement in 

chlorophyll content was observed, but it was nullified with increase in 
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temperature. Leaf extract pH become acidic from near neutral, with increase in 

temperature stress in both the genotypes.  

3.  Effect of elevated temperature and CO2 on biochemical defense compounds (for 

ascorbic acid, phenol and MDA content of maize genotypes as well as for growth 

stages was significant at P < 0.05). Average content of biochemical defense 

compounds was more in PEHM 5 than CM 119. Ascorbic acid content was 

98.91% and 55.67% more under elevated temperature stress (T4 and T1 

treatments), respectively as compared to control in PEHM 5. Total phenol 

content decline with elevated temperature stress and increase with elevated CO2 

levels. MDA content was high under elevated temperature stress and low with 

elevated CO2 levels. 

4. Effect of elevated temperature and CO2 on physiological processes was assesed 

w.r.t. photosynthesis, stomatal conductance and transpiration for the genotypes 

as well as growth stages. Effect of treatments on physiological performance was 

more adverse in CM 119 than PEHM 5. Between growth stages physiological 

performance of PEHM 5 was best at tasseling stage and least at dent stage. 

Enhancement in photosynthesis and decrease in stomatal conductance and 

transpiration rate was observed in elevated CO2 treated plants as compared to 

control, whereas decline in  all observed physiological processes was observed 

with elevated temperature stress  for both the genotypes as well as growth stages. 

Under elevated CO2 and elevated temperature interaction also, physiological 

performance were adversely affected as compared to control.  

5. Principal Component Analysis (PCA) shows that % contribution of the observed 

functional traits in response to elevated temperature and CO2 as well as MLB 

disease development was different for the PEHM 5 and CM 119 as well as the 

three growth stages. For the vegetative stage of PEHM 5 plants, the order of 

contribution of the functional traits was  total leaf area (19.5%) > total phenol 

content (18.9%) > relative leaf water content (16.7%) > photosynthetic rate 

(15.7%) > ascorbic acid content (15.5%) > MDA content (13.5%), respectively.  
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6. Effect of elevated temperature and CO2 exposure on yield attributes was 

observed on maize genotypes with and without MLB disease. Average yield 

under all treatments with and without MLB was more for PEHM 5 than CM 119.  

Under elevated CO2 (T3) treatment maximum grain yield/plant of PEHM 5 was 

36.54 g/plant and 47.62 g/plant for plants with and without MLB disease, 

respectively. Under elevated temperature +3
o
C (T2) treatment minimum grain 

yield of PEHM 5 was 20.04 g/plant and 35.08 g/plant for plants with and without 

MLB disease, respectively. Similar trend was observed other yield attributes.   

7. In the present study impact of elevated temperature and CO2 on MLB disease 

development on PEHM 5 and CM 119 and different growth stages of PEHM 5 

was significant under field as well controlled lab conditions.  Images captured 

during disease development were assessed through imageJ software for 

quantification of disease infected area. Among the two genotypes under control 

treatment disease severity was more on CM 119 (58.4%) than PEHM 5(34.7%). 

In elevated temperature +3
o
C (T2) treatment, maximum (65.55 and 44.3%) 

disease severity was observed in CM 119 and PEHM 5, respectively. Under 

controlled condition successful disease establishment was observed on detached 

leaves of  vegeative stage plants only. At that stage the disease severity trend for 

different treatments was in this order T2 > T5 > T1 > T0 > T4 > T3. 

8. Under elevated temperature and CO2 tolerance potential for MLB disease was 

high for hybrid variety (PEHM 5) as compared to inbred line (CM 119) of maize. 

Tolerance potential of maize was lowest in +3
o
C temperature with ambient and 

elevated CO2 levels treatments. Among the growth stages tolerance potential of 

dent stage to diseases was maximum as compared to vegetative and tasseling 

stage.  
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Conclusion 

On the basis of results of our study we can conclude that under elevated temperature and 

CO2 levels crops growth, biochemical and physiological performance may be affected, 

which may favour establishment of MLB pathogen (Bipolaris maydis) and disease 

development on vegetative growth stage of the hybrid as well as inbred lines of maize. 

Considering that, the rising concentrations of temperature and CO2 in future are likely to 

indirectly enhance MLB disease severity in susceptible as well as resistant maize 

genotypes. 
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Abstract 

 

 

Effect of Elevated Temperature and Carbon Dioxide on Tolerance Potential of 

Maize to Maydis Leaf Blight Disease 

 

 

As per recent IPCC (2013) assessment report global scale climate change has occurred 
and will be continued in near future at different rates. Due to climate change global 

atmospheric carbon dioxide concentration (CO2) are rising and projected to reach 

between 540 and 970 ppm by the end of 21
st
 century and global surface temperature may 

increase 1.45.8C in association with this doubling of CO2. Crop species (both C3 as 

well as C4) are directly affected by elevated levels of temperature and CO2 due to 

changes in the plant physical structures, leaf chemistry and carbon : nitrogen balance etc. 
which in turn affects yield, tolerance to drought stress and susceptibility to pests and 

herbivores. Despite abundant evidence about the direct effect of elevated temperature 

and CO2 on crop plants, we still need a more thorough understanding of the impact of 
elevated temperature and CO2 levels on plant diseases in agricultural ecosystem to 

predict and plan for disease pressure under future climatic condition. Many studies have 

reported the effect of elevated temperature and CO2 on growth, physiological, 

biochemical and yield of maize crops, but effect of elevated temperature and CO2 in 

combination on tolerance potential of maize to diseases is very limited and still needs a 

systematic study. With this hypothesis the present study was undertaken with the 

following objectives  (i) To assess impact of elevated temperature and CO2 on maydis 

leaf blight (MLB) disease development on resistant and susceptible genotypes of maize 

and (ii) To assess impact of elevated temperature and carbon dioxide on maydis leaf 

blight disease tolerance potential of maize. Results of the study showed that elevated 

levels of temperature and CO2 exposure to PEHM 5 and CM 119 maize genotypes as 

well as vegetative, tasseling and dent growth stage of PEHM 5 altered the response  of  

their respective functional traits (growth, physiology and biochemistry) as well as MLB 

disease development. It was observed that between the two maize genotypes effect of 

temperature and CO2 treatments was more adverse on CM 119 as compared to PEHM 5 

genotype w.r.t. functional traits as well as MLB disease severity.  Among the treatments, 

at +3
o
C temperature elevation with ambient CO2 level effect was most detrimental on 

functional traits and MLB disease development as compared to control i.e. ambient 

temperature and CO2 level. MLB development was more influenced by the combination 

of temperature and CO2 than by CO2 level alone. MLB disease severity was less on 

plants exposed to elevated CO2 and more on plants exposed to elevated temperature. 

Different disease indices also indicate that the tolerance of PEHM 5 was more than CM 

119 and it was more adversely affected by temperature stress. Tolerance potential of 

different growth stages of maize to MLB disease was more at dent stage as compared to 

vegetative and tasseling stages to elevated CO2 and temperature treatments.   
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                     साराांश 

उच्च तापमान एवम ्कार्बन डाइऑक्साइड का मक्का में मेडडस पर्ब झुलसा रोग की 
सांभाववत सहनशीलता पर प्रभाव 

 

आई.पी.सी.सी. (2013) की ताज़ा रिपोर्ट के अनुसाि विश्िस्ति पि जलिायु परिितटन 
हो िहा है, तथा ननकर् भविष्य में विभभन्न दिों से जलिायु परिितटन होन ेके आसाि 
हैं  जलिायु परिितटन के कािण विश्िस्ति पि िाताििण में कार्टन डाइऑक्साइड की 
मात्रा र्ढ़ िही है औि ऐसा अनुमान है कक 21िीीं सदी के अींत तक इसकी मात्रा 540 
पी.पी.एम. से 970 पी.पी.एम. तक र्ढ़ जाएगी  कार्टन डाइऑक्साइड की मात्रा में 
दोगुनी र्ढ़ोतिी के साथ-साथ तापमान में भी 1.4  5.8C र्ढ़ोतिी की गुींजाईश है  
C3 तथा C4, दोनों ककस्मों के पौधों में तापमान तथा कार्टन डाइऑक्साइड र्ढ़ने से 
प्रत्यक्ष प्रभाि पतता है  यद्यवप उच्च तापमान औि कार्टन डाइऑक्साइड का फसलों 
पि पतने िाले प्रभाि का हमािे पास काफी प्रमाण उपलब्ध हैं, पिन्तु तापमान औि 
कार्टन डाइऑक्साइड के र्ढ़ने से फसलों में होने िाले विभभन्न िोगों पि क्या प्रभाि 
पतगेा, इसका अींदाज़ लगाना हमािे भलए काफी आिश्यक है, जजसके फलस्िरूप हम 
भविष्य में होने िाले जलिायु परिितटन से फसलों में िोगों के दर्ाि को न भसफट  
समझ सकें  र्जकक उनको कम किने का प्रयास भी कि सकें   इन्हीीं र्ातों को ध्यान 
में िखते हुए प्रस्तुत अनुसन्धान कायट दो उद्येश्यों के भलए ककया गया :- 1) उच्च 
तापमान एिम ् कार्टन डाइऑक्साइड का मक्के के प्रनतिोधक तथा सींिेदनशील 
अनुिाींभशक रूपों पि मेडडस पणट झुलसा िोग के सींस्थापन का पता लगाने के भलए , 
तथा 2) उच्च तापमान एिम ्कार्टन डाइऑक्साइड का मक्के पि मेडडस पणट झुलसा 
िोग के सींभावित सहनशीलता का पता लगाने के भलए  अनुसन्धान कायट से यह पता 
चला कक उच्च तापमान एिम ्कार्टन डाइऑक्साइड के अनाििण से PEHM 5 तथा 
CM 119 पि िानस्पनतक, माध्यभमक तथा डेंर् अिस्थाओीं पि महत्िपूणट प्रभाि पता  
इसके साथ ही विभभन्न समवृि कािकों, कायटकीय, जैििासायननक कािकों तथा मेडडस 
पणट झुलसा के सींस्थापन पि भी साथटक प्रभाि देखा गया  यह पाया गया कक मक्के 
के दो अनुिाींभशक रूपों में CM 119 पि उच्च तापमान एिम ्कार्टन डाइऑक्साइड का 
कायाटत्मक कािकों तथा मेडडस पणट झुलसा के सन्दभट में  नकािात्मक प्रभाि ज्यादा 
था  विभभन्न उपचािों में ननयींत्रण उपचाि की तुलना में +3oC उच्च तापमान ितटमान 
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CO2 के साथ, का कायाटत्मक कािकों तथा मेडडस पणट झुलसा की तीव्रता पि  ज्यादा 
प्रभाि देखा गया  इसके साथ ही यह पाया गया कक मेडडस पणट झुलसा िोग की 
तीव्रता उच्च CO2 पि कम थी तथा उच्च तापमान पि ज्यादा थी औि सींभावित 
सहनशीलता डेंर् स्ति पि ज्यादा थी  अतः हम कह सकते हैं कक भविष्य में 
तापमान के र्ढ़ने से मेडडस पणट झुलसा िोग की तीव्रता र्ढ़ सकती है  
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