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ABSTRACT 
Although the yield potential of spring maize is much higher than autumn maize, 

high temperature at reproductive stage is one of the main problems in spring especially in 

late sown conditions. Early sowing of the crop seems an ideal solution to escape the crop 

from heat spell but low temperature causes poor emergence and seedling establishment. 

Under these temperature extremes, osmotic and oxidative stresses are major reasons of 

crop damage. Exogenous application of various physiological strategies like antioxidants, 

osmoprotectants and plant hormones may lessen the damage. Initially in first two 

experiments, three levels of ascorbic acid, salicylic acid and hydrogen peroxide  (0, 20 

and 40 mg L-1) were optimized as seed priming or foliar application strategies under net 

house condition using single maize hybrid (Hi Swan-9697). The optimization was done 

on the basis of emergence and seedling vigor in priming experiment, 20 mg L-1 was 

selected as an optimized level all these compounds as an effective priming strategy. Seed 

primed with AsA, SA and H2O2 resulted in faster emergence, better, more and uniform 

stands.  Seed priming with AsA, SA and H2O2 improved seedling vigor by increasing leaf 

Chl, nutrient content and better defense system with stimulating activities of SOD, CAT 

and POD in seedling. Foliar application of AsA, SA and H2O2 improved seedling vigor 

by increasing chlorophyll, nutrient contents and improving antioxidant defense system. 

Both levels of solutions of foliarly applied AsA, SA and H2O2 are equally effective for 

improving seedling vigor so the lower level of (20 mg L-1) was selected. The field 

experiment was conducted to explore the role of AsA, SA and H2O2 as seed priming 

agent and foliar application at three sowing dates i.e early (1st February), optimum (22nd 

February) and late (15th March). Different priming treatment enhanced rapid emergence 

but both priming and foliar application strategies caused earlier tasselling, silking and 

physiological maturity at each sowing dates. Improving antioxidants and nutrient 

homeostasis enhanced chlorophyll which improved growth and development under early 

and late stress conditions. It is suggested that all physiological strategies increased grain 

yield associated with improvement in number of grain and size of grain at each sowing 

dates by improved antioxidants defense system and nutrient homeostasis which reduce 

oxidative damages and improving stress tolerance under late sown condition of spring 

maize. 
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CHAPTER-I 

 

  Maize (Zea mays L.) is an important food and feed crop of the world. It is one of 

the important cereals. It ranks third position after wheat and rice in Pakistan and is grown 

on an area of about 1.118 m ha with annual production of 4.036 m Mg and an average 

yield of 3.61 Mg ha-1 (Government of Pakistan, 2008-09). Maize is a raw material for a 

number of products viz. starch, glucose, dextrose, sorbitol, dextrine, high fructose syrup, 

maltodextrine, germ oil, germ meal, fiber and gluten products, and alcohol 

(Balasubramian and Palaniappan, 2001). Its by-product seed cake is a valuable 

component of livestock and poultry feed. Maize oil is used in cooking, bakery products, 

oleomargarine, salad dressing and pharmaceutical. Maize starch is used for producing 

biofuel (Dhugga, 2007), making plastics, cellophane, photographic films, dying of 

clothes, manufacturing of paper and paper boards and tanning of the hides. It is also 

utilized for getting the important industrial by-products such as glucose, flakes, custard, 

jelly etc. Maize grain has high nutritional value as it contains 70-75 % starch, 8-10 % 

protein, 4-5 % oil (Boyer and Hannah, 1994). 

Being a photoperiod insensitive crop, maize can be grown throughout the year. In 

Pakistan, it is mainly grown in two seasons i.e. spring and autumn. How ever, the yield 

potential of spring crop is much higher than autumn sown crop but high temperature at 

anthesis is a severe constraint to achieve its yield potential (Johnson and Herrero, 1981; 

Cheikh and Jones, 1994). The floral structure of maize, notably the separation of male 

and female floral organs and the near-synchronous development of florets on a single ear, 

borne on a single stem, is extremely sensitive to high temperature and moisture stress 

during anthesis (Johnson and Herrero, 1981). Grain yield of maize reduces on exposure 

to day time temperature of 38°C for 16 h (Mitchell and Petolino, 1988). High temperature 

also decreases seed filling duration, which results in smaller grain and lower seed yield of 

sorghum (Chowdhary and Wardlaw, 1978). High temperature at anthesis causes pollen 

desiccation (Schoper et al., 1986). At temperatures above 38°C, poor seed set in maize is 

attributed to direct effect of high temperature (Johnson and Herrero, 1981) and pollen 

desiccation (Schoper et al., 1986). If high temperature is also accompanied by water 
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stress it results in drastic reduction in kernel set (Ramadoss et al., 2004). The heat injury 

might also be through production of reactive oxygen species (ROS) (Apel and Hirt, 

2004). ROS cause oxidative damage to various macromolecules and cellular structures 

(Noctor and Foyor, 1998) and limit essential plant nutrients especially potassium (Carry 

and Berry, 1978). Important functional unit’s especially photosynthetic apparatus also 

become susceptible to negative effects of low temperature (Janda et al., 1994). 

Early sowing of spring maize crop can be an adaptive strategy to avoid the leathal 

heat period during anthesis and seed maturity. It has been reported that some hybrids 

when planted earlier produced higher yields (Sarvari and Futo, 2001). Nonthless, early 

season sowing in spring exposes the germinating seeds and young seedlings to low 

temperature (Greaves, 1996). Therefore, poor and erratic germination by chilling 

temperature is havoc during early planting of maize (Stewart et al., 1990). Soil 

temperatures of 10°C or below often cause injury to germinating seeds by cold water 

imbibition stress (Cohn and Obendorf, 1978) which reduces the rate of root water uptake 

than the leaf transpiration rate (Stewart et al., 1990). The chilling injury might be through 

production of reactive oxygen species (ROS) (Apel and Hirt, 2004).  

Hence, concept of early sowing of maize crop can only be successful and 

contributes to increased grain yield of maize if it has vigorous emergence and cold 

tolerance (Rodriguez et al., 2007). Seed priming has been successfully employed to 

improve germination and emergence in seeds of many vegetables and small seeded 

grasses (Heydecker and Coolbaer, 1977; Bradford, 1986) and many field crops like 

wheat, maize, soybean and sunflower (Parera and Cantliffe, 1994; Sadeghian and Yavari, 

2004). Primed seeds usually result in faster emergence, better, more and uniform stands, 

less need to re-sow, more vigorous plants, better drought tolerance, earlier flowering, 

earlier harvest and higher grain yield (Harris et al., 2001a; Wahid et al., 2007b). 

Most recently seed priming has been successfully integrated to improve the plant 

performance under adverse environmental conditions (Ashraf and Foolad, 2005).  Farooq 

et al. (2008b) reported that seed priming with salicylic acid improve seed germination 

and seedling growth under low temperature condition (Farooq et al., 2008a; Janda et al., 

1994) in hybrid maize by activation of antioxidants (Farooq et al., 2008b; Farooq et al., 
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2009b), maintenance of tissue water contents and reduced membrane permeability 

(Farooq et al., 2008a). 

Nontheless, plants also have several endogenous defense mechanisms of enzymes 

which act in the cells to provide protection against oxidative damage caused by various 

abiotic stresses. Activities of these antioxidant enzymes are reported to increase with 

exogenous application of salicylic acid under drought (Waseem, 2006), ascorbic acid 

under salt stress (Khan, 2007) and H2O2 under salinity in wheat and different stresses in 

maize (Gong et al., 2001; Wahid et al., 2007a). Important enzymes that scavenge ROS 

include superoxide dismutase, ascorbate peroxidase and catalase (Noctor and Foyor, 

1998) and non-enzymatic metabolites like ascorbic acid (Pastori et al., 2003), salicylic 

acid and low concentration of H2O2 (Chen et al., 1993; Prasad et al., 1994; Karpinski et 

al., 1997) protect membranes from injurious effects of ROS (Foyer and Noctor, 2003). 

Ascorbic acid which acts as an important co-factor for some of these enzymes 

affect phytohormone-mediating signaling processes during the transition from the 

vegetative to reproductive phase and final stage of development and senescence (Barth et 

al., 2006). Ascorbic acid and related enzymes like ascorbate peroxidase (APX) also play 

diverse roles in several physiological processes in plants, including growth, 

differentiation and metabolism (Foyer, 1993) and expansion (Noctor and Foyer, 1998; 

Smirnoff and Wheeler, 2000). Furthermore ascorbate regenerated α-tocopherol protects 

the plant from programmed cell death oxidized by ROS (Smirnoff and Wheeler, 2000; 

Conklin and Barth, 2004).  

  Similarly, salicylic acid, a plant phenolic of ubiquitous nature plays an important 

role in plant response to adverse environmental conditions (Borsani et al., 2001; Farooq 

et al., 2008b). Exogenously applied salicylic acid helps plants to regulate several 

functions including systemic acquired resistance (SAR) and plant resistance to 

environmental factors (Metraux, 2001) such as saltinity and drought in wheat (Shakirova 

and Bezrukova, 1997; Bezrukova et al., 2001; Waseem et al., 2006; Arfan et al., 2007), 

chilling in maize (Farooq et al., 2008b), heat tolerance in Cucumis sativus (Shi et al., 

2006) and tolerance of cadmium toxicity (Krantev et al., 2006). Salicylic acid also plays 

important role in flower induction, growth and development, ethylene biosynthesis, 

stomatal behavior and respiration (Raskin, 1992).  
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Like ascorbate, salicylic acid, now it is widely accepted that H2O2 has roles as 

plant signaling molecules (Neill et al., 2002; Bhattacharjee, 2005; Hung et al., 2005; 

Wahid et al., 2007a; Slesak et al., 2007), second messenger (Bhattacharjee, 2005), 

mediating the acquisition of toleranc to abiotic stresses (Bhattacharjee, 2005; Slesak et 

al., 2007), stomatal responses (Chen and Gallie, 2004), acquired resistance (Chen et al., 

1993) and programmed cell death (Bhattacharjee, 2005). One of consequences of many 

stresses is an increase in the cellular concentration of ROS, which are subsequently 

converted to hydrogen peroxide.  

Exogenous application of these compounds i.e. salicylic acid (SA), ascorbic acid 

(AsA) and H2O2 as seed priming or through foliar spray are reported to modulate the 

plant response to counteract the adverse effects of low or high temperature on growth and 

yield in maize (Borsani et al., 2001; Waseem, 2006; Wahid et al., 2007a; Slesak et al., 

2007). Although, the beneficial effects of ascorbic acid, salicylic acid and hydrogen 

peroxide in mitigating the adverse effects of extremes of temperatures on various crops 

are well documented and their exogenous application in maize can play role to modulate 

the plant response by improving seedling growth under both low and high temperatures. 

But still field appraisal of these physiological strategies to improve the crop performance 

across varying sowing dates is required. Therefore, the present study was aimed to confer 

the following objective: 

 To explore the role of ascorbic acid, salicylic acid and hydrogen peroxide as seed 

priming agent or foliar application in alleviation of oxidative damage and 

improvement in stress tolerance, growth and yield of early and late sown spring 

maize. 
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CHAPTER-II 

 

 

2.1 Maize in Pakistan 

Maize is one of the important cereals of the world. It ranks third position after 

wheat and rice in Pakistan and is grown on an area of about 1.118 m ha with annual 

production (4.036 m Mg) and an average yield of 3.61 Mg ha-1 (Government of Pakistan, 

2008-09). Maize) is an important food and feed crop of the world. Maize is a raw 

material for a number of products viz. starch, glucose, dextrose, sorbitol, dextrine, high 

fructose syrup, maltodextrine, germ oil, germ meal, fiber and gluten products which have 

application in industries such as alcohal, textile, paper, pharmaceuticals, organic 

chemicals, cosmetics, edible oil (Balasubramian and Palaniappan, 2001), whereas the by-

product seed cake is a valuable component of livestock and poultry feed. Maize oil is 

used in cooking, bakery products, oleomargarine, salad dressing and pharmaceutical. 

Maize starch is used for producing biofuel (Dhugga, 2007), making plastics, cellophane, 

photographic films, dying of clothes, manufacturing of paper and paperboards and 

tanning of the hides. It is also utilized for getting the important industrial by-products 

such as glucose, flakes, custard, jelly etc. Maize grain has high nutritional value as it 

contains 70-75 % starch, 8-10 % protein, 4-5 % oil (Singh, 2005). The use of maize in 

Pakistan as direct human food is declining but its utilization in the feed and wet milling 

industry is growing at a much larger rate. In Pakistan maize yields have shown a steady 

progress since independence.  

Maize (Zea mays L) is the oldest cultivated, tropical plant but grown even in 

temperate and subtropical region of the world exhibiting high range of variability and 

adapatibility to environment conditions. Maize has wide adaptability to diverse 

conditions of soil and environment than any other cereals due to its physiological 

efficiency. Being, photo-insensitive crop it can be grown throughout the year. In 

Pakistan, it is mainly in two regular crops named spring and autumn. Being monoecious 

plant, notably the separation of male and female floral organs on single plant and near-

synchronous development of florets on a single ear, borne on a single stem, is extremely 
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sensitive to high temperature and moisture stress during anthesis (Johnson and Herrero, 

1981). Under late sown spring conditions, prevailing high temperatures during flowering 

above 38°C causeestassel blast, which seriously reduces seed setting (Jhonson and 

Herrero, 1981). Grain yield of maize reduces on exposure to daytime high temperature, 

which causes pollen desiccation (Schoper et al., 1986); poor seed setting in maize has 

been attributed to direct effects of high temperature (Johnson and Herrero, 1981) and 

decreases seed filling duration (Chowdhary and Wardlaw, 1978). High temperatures 

particularly have an adverse impact on kernel growth, kernel mass and protein 

accumulation (Monjardino et al. 2006). The high temperatures affect yield by both 

shortening the time to maturity thus limiting grain filling and exacerbating water stress 

(Birch et al., 2003). 

2.2  Temperatures requirements of maize 

The rate of growth and development of maize from sowing to harvesting depend 

upon temperature. Maize bear fast growing habit that best yielder under moderate to 

warm temperatures. Low temperatures slowed down maturity while high temperature 

hastens maturity (Brown, 1997). Each plant has its own specific optimum temperature for 

growth. Soil and environmental temperature during the growing season are important 

environmental factors which controlling maize development.  

2.2.1 Temperature for germination  

Seed absorbs water and swells before starting of germination. Rouanat (1987) 

reported that 16-32°C is ideal temperature requirement for germination. Germination will 

be slow in dry soil, but will speed up in wet soil when its water holding reach to its 

saturation point. Minimum soil temperatures of 10 to 13°C are required for maize 

germination (Doorenbos and Kassam, 1979) and seedling growth. Lower temperature 

alone cause delay its emergence. Even frost and freezing temperatures should not cause a 

problem during pre-emergence (Shaw and Newman, 1991). At optimal soil moisture, 

alongwith mean temperature of 21°C protruded seedling from within 5 to 6 days. At high 

moisture accompanied with cold temperatures will favour soil pathogen on young 

seedling (Shaw and Newman, 1991). 
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2.2.2 Temperature requirement for early seedling  

Air temperatures of 25-35˚C is considered optimum for rapid leaf growth during 

the early seedling establishment (Sprague and Dudley, 1988). Early seedling 

establishment depends soil temperature weather than air. Shaw and Newman (1991) 

reported that mean daily temperature of 27˚C at 10 cm soil depth is optimum for 

maximum dry matter production in maize. 

2.2.3 Temperature during late vegetative growth 

Temperatures of around 24°C during late vegetative stage result in yields near 

normal (Sprague and Dudley, 1988). The optimum temperature for this period ranges 

from 21°C to 33°C. If temperatures above 33°C are experienced, water stress may also 

occur which reduced vegetative growth (Shaw and Newman, 1991). 

2.2.4 Temperature requirement during reproductive stage  

The reproductive stage of maize is the most critical development for stresses. The 

combined effect of both high temperature and soil water-deficit during the reproductive 

period can substantially reduce final grain yield (Shaw and Newman, 1991). Although 

effect of these two stresses could not separated from each other the daily maximum is 

above 35°C, regardless of soil water conditions (Shaw and Newman, 1991).  

Successful crop production has come to rely on matching plant growth pattern to 

prevailing temperature regime.  Grain yield of maize reduces on exposure to daytime 

temperature of 38˚C for 16 h (Mitchell and Petolino, 1988). High temperature also 

decreases seed filling duration, which results in smaller grain and lower seed yield of 

sorghum (Chowdhary and Wardlaw, 1978). High temperature at anthesis causes pollen 

desiccation (Schoper et al., 1986). At temperature above 38˚C, poor seed set in maize has 

been attributed to direct effects of high temperature (Johnson and Herrero, 1981). 

Therefore, it leads to the idea of early sowing of spring maize crop to avoid heat period 

during anthesis and seed maturity. 

2.3.1 Problems of high temperature at anthesis of spring maize   

The floral structure of maize, notably separation of male (staminate) and female 

(pistilate) floral organs (monoecious) and near-synchronous development of florets on a 

single ear, borne on a single stem, is extremely sensitive to high temperature and 

moisture stress during anthesis (Johnson and Herrero, 1981). A temperature above 38˚C, 
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poor seed set in maize has been attributed to both a direct effect of high temperature 

(Carberry et al., 1989) and pollen desiccation (Schoper et al., 1986). High temperatures 

probably affect pollen viability directly, since the maize sown to visible symptoms of 

water stress (Ramadoss et al., 2004) which  compounded by water stress occurring at 

same time decrease kernel setting under dryland conditions and ultimately reduced grain 

yields (Ramadoss et al., 2004).  

The effect of warm temperatures on maize crop is a two-edged sword. On one 

hand, it enhances crop development as maize grows while on the other hand high 

temperatures also reduce the grain yield levels (Aldrich et al., 1986). With rise in 

tempcratnre above 30˚C, pollen shedding starts much ahead of silks emergence while 

silking is delayed, increasing anthesis silking interval (ASI), resulting in poor 

synchronization of flowering (asynchrony). Furthermore, high temperature reduces the 

pollen viability and silk receptivity resulting in poor seed set and reduced yield (Aldrich 

el al., 1986).  

The extent of oxidative-damage depends upon the intensity and duration of heat 

exposure. High temperature and heat waves especially accompanied with low relative 

humidity may cause more damage to maize plant, pollination, seed set and yield. During 

warm temperature plant utilized excessive amounts of photosynthate through respiration 

and evolves CO2 back to the atmosphere which reduce the translocation of assimilates 

toward grain formation.  

Maize being a tropical crop requiring warm daytime temperature of about 25-

30˚C (Colless, 1992). Temperature above approximately 40˚ C after silking usually 

reduce grain development (Birch et al., 2003) negative impact on photosynthesis, 

translocation and pollen viability (Lafitte, 2000a). Farrell and O'Keeffe (2007) reported 

that temperature (above 35˚C) at anthesis might cause pollen blasting which results in 

poor seed setting (Farrell and O'Keeffe 2007).  

 High temperature increased the evapotranspiration upto 7-10 mm daily during 

most sensitive stage of tasseling, silking and pollination (Arnon,1989). Drought spell 

during critical period may desiccate tassel and the upper leaves to dry and the tassels may 

reduce the chance of synchronous shed viable pollen and fertilization (Arnon,1989). 
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Pollen dispersal and fertilization in maize depends upon five abiotic conditions given 

below: 

i) Synchrony in flowering time in pollen donor and receptor  

ii) Ambient temperature at pollen shed  

iii) Relative humidity at pollen shed  

iv) Wind speeds and  

v) Direction of winds. 

The 2-4 d heat spell caused 20 and 48 percent reduction in grain number and 

weight, respectively. The extent of damage caused by heat stress depends on the time of 

exposure in relation to the stage of kernel development. Campbell et al. (1981) reported 

that protein concentration is positively correlated with high temperature during grain 

growth.  

Photosynthesis was negatively affected at leaf temperatures above 38˚C and this 

inhibition depend degree of sharpness rise in temperature (Lafitte, 2001b). At high 

temperature decreases photosynthesis but increases respiration increases, hence, plants 

undergo shortage of assimilates needed for growth. Heat stress cause a decline in 

chlorophyll contents and damage thyllakoids membrane (Ristic et al., 2007). The 

inhibition of photosynthetic CO2 fixation at high temperature is caused by inhibition of 

RuBP carboxylase enzyme. Heat stress leads to increase levels of phosphoenol pyruvate 

carboxylase (PEPC) enzyme in C4 plants (Sinha, 2004). At 42˚C synthesis of normal 

protein declines and heat shocks protein (HSPs) appear (Sinha, 2004). High temperature 

reduced grain growth rate, grain protein and oil contents. Enzymes of sugars and starch 

metabolism are most sensitive to high temperature is ADP-glucose pyrophosphorylase, 

glucokinase, sucrose synthetase and soluble starch synthetase (Wilhelm et al., 1999). 

Under stress conditions oxidant levels overwhelm antioxidants levels, leading to  

increased ell damage a  result of ROS can decrease membrane stability (Kreiner et al., 

2002) and disrupt ion, water and organic solute movement across plant membranes and 

thus affecting carbon production, consumption, transportation and accumulation 

(Christiansan, 1978). 

At temperatures greater than optimal (25-35°C), the gain in the rate of grain 

filling begins to diminish, and at supra optimal (40-45°C) grain filling rate drops 
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precipitously. Rising temperatures also produce a progressive decline in grain-filling 

duration. Hence, at high temperatures, yield losses are the result of a loss in both grain-

filling rate and duration (Tashiro and Wardlaw, 1989). Arnon (1989) reported that a 6°C 

rise in temperature from 22 to 28˚C during grain filling resulted in a yield loss of 10%. 

Delayed plantings accompanied with high temperatures during the growth season 

hastened crop development and decrease accumulated solar radiation, resulting in less 

biomass production, kernel set and grain yield (Otegui and Melon, 1997). Sowing date 

significantly influenced number of grains per cob (Otegui and Melon, 1997. Imhotle and 

Carter (1986) concluded that late sowing reduced the grain yield but increased the grain 

moisture content at harvest. Cirilo and Andrade (1994b) found no effect of planting date 

on spikelet primordial counted at silking in the apical ears of maize. Reduced grains per 

cob are the most consistent, irreversible components of yield reduction under drought 

stress (Anderson et al., 2004). The number of florets that may become grains, which 

cannot exceed exposed silk number (Bassetti and Westgate, 1993).  

2.4  Effect of drought on plant growth and development 

Drought has seriuos adverse effect on cellular processes, plant growth, 

development and economic yield. Plant growth is irreversible increase of size which 

accomplished through cell division, cell expansion and differentiation (Lyndon, 1990). It 

is interactive response of genetic, physiological, ecological and morphological factors the 

reduction in grain yield of maize depends upon severity of water stress and stage of 

development (Claasen and Shaw, 1970).  

Leaf wilting is an indication of prolonged severe drought stress and can be 

recovered by applying water. Leaf senescence decreases ground cover and ultimately 

reduce light use efficacy. Reduction in leaf area is short term effect of' water stress plant 

but reduced final leaf size, internodes and yield losses are long term effects (NeSmith and 

Ritchie, 1992). 

Continuous water deficit results in stunted stem and reduced root expansion 

(Benziger et al., 2000). The stomata functions optimally at the leaf scale, minimizing 

water loss for the total amount of carbon taken up (Cowan and Farguhar, 1977). Increase 

in stomatal conductance increases the supply flux of atmospheric CO2, which should 

increase rate of photosynthesis. Increased stomatal conductance also leads to enhanced 
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transpiration, which affects the partitioning of energy and water fluxes at the land surface 

(Kleidon, 2004).  

Maize is more susceptible at flowering than other crops because its female flower 

organ develops at same time and borne on a single ear on a single stem. Severe water 

shortage will slow down silk elongation, causing delay or failure of silk emergence from 

the ear. Water stress alongwith lower relative humidity desiccates exposed silks and 

renders them non-receptive to pollen germination. Moreover, silk growth rate depends 

directly upon photoassimilate (Schussler and Westgate, 1995). Reduced silk growth rate  

increased anthesis silking interval (ASI), kernel and ear abortion under stress conditions 

(NeSmith and Ritchie, 1992; Bolanos and Edmeades, 1996). 

Drought stress also affect drastically disturb source sink relationship. It causes 

early leaf senescence right after flowering, thus poor supply of assimilates will limit grain 

yield. Benziger et al., (2000) reported that drought during flowering will affect ears and 

kernels resulting in reduced sink size. A steady flow of photoassimilates plays an 

important role ovule and seed in development (Zinselmeier et al., 1995). Any interruption 

in this flow due to water stress may reduce in carbon metabolic activities (Zinselmeier et 

al., 1995) and reserve mobilization.  

Drought stress during anthesis affects gynoecium development in various 

manners. I) Reduced style deveolpment causing asynchrony between pollen shedding and 

silk emergence (Herrero and Johnson, 1981) which reduced pollen viability (Westgate 

and Boyer, 1985). II) Affect zygote formation is very much sensitive to drought stress. 

III) Abortion can occur even if water stress is relieved before pollination (Westgate and 

Boyer. 1985) as pollen remains sterile when low water potential observed during 

microsporogensis (Saini and Westgate, 2000). Nielsen (2002) concluded that four 

consecutive days of wilting during silking and pollination reduce yield 40-50% because 

moisture deficiency stops silk emergence and accelerates pollen shedding.  

Drought reduces the yield of maize by three ways. Firstly, drought reduced 

absorption of incident PAR through reduced leaf area, leaf wilting andleaf senescence 

(Wolfe et al., 1988). Secondly, drought reduces the radiation use efficiency (RUE). 

Thirdly, drought stress may disturb the allocation of assimilates toward grain which 

ultimately reduce harvest index (HI).  
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Grain yield of maize is affected to some extent due to drought at any of all growth 

stages, but at flowering crop is most susceptible (Grant et al., 1989; Birch et al., 2003). 

The period from -2 to 22 days after silking is extremely sensitive to drought stress. 

Prolong water stress just before tassel emergence to beginning of grain fill may cause 

almost complete barrenness in maize cob (Grant et al., 1989). Stress at this time can 

reduce grain yield by 68% for each day of stress (Colless, 1992). Grant et al. (1989) did a 

study to determine the timing of sensitivity of maize yield components to water stress and 

concluded that kernel number was sensitive to water stress between 2-22 d after silking 

and kernel weight was most sensitive 12-16 d after silking.  

2.5  Effect of late sowing of spring crop of maize  

Grain yield generally reduce with delays in sowing associated decreases in grain 

number and its size. Maddooni et al. (2004) concluded that grain/ kernel mass are mainly 

depended post-anthesis crop growth and reserve mobilization from ource to in maize. The 

maize crop sown when experienced extremely high air temperatures (41˚C) over several 

days at the time of silking. Lower grain yield and associated grain numbers and harvest 

index were recorded early sowing compared to the late sowing date. 

The crop growth rate depends upon amount of incident radiation and the 

proportion of intercepted radiation (Cirilo and Andrade, 1994a). Inversely, high 

temperature during initial growth stage rapidly developed leaf area linked higher early 

percentage of PAR interception values (Thigarajah and Hunt, 1982). Thus, the ratio 

between final grain number and dry matter at silking dropped dramatically for the late 

plantings, indicating a predominance of vegetative over reproductive growth. In general, 

late plantings will result in high crop growth rates during vegetative period because of 

high radiation use efficiency (RUE) and high percentage radiation. 

2.6  Escaping of heat stress possible through early sowing but problem of early 

emergence and stand establishment  

Amongst different management practices of maize cultivation, planting date is 

may subjected to variation because of the great differences in weather at planting time 

between seasons (Otegui et al., 1995). The early sowing enables maize to develop during 

a period of optimal temperatures; anthesis and pollination occur before the start of the 

extreme heat of summer. Maize is thermophilic plant mostly adapted to tropical and sub-
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tropical regions and is therefore not grown in areas where frost may limit early 

development. Poor and erratic germination at sub-optimal temperature is the most 

important hindrance in its early sowing (Stewart et al., 1990), less than required. 

Farrell and O'Keeffe (2007) suggested starting planting when soil temperatures 

reach 12°C at sowing depth (9:00 am), with an upward trend or reach at 14-16°C. 

However, early planting may lead to escape flowering during the hottest period of 

summer which avoided as pollen blasting and consequently poor seed setting. Generally, 

maize is more susceptible to water stress than other crops (Farrell and O'Keeffe 2007; 

Beckingham, 2007).  

Low temperatures below 6˚C before emergence caused seed and seedling 

mortality, chilling damage, reduced emergence and seedling vigor. After emergence, 

temperature below 10˚C caused chlorosis, retarded leaf expansion and dry matter 

accumulation. Increasing water deficit reduced mitosis in the meristem cells.  .   

This water deficit is caused by a reduction in the root water uptake greater than in 

the leaf transpiration rate during cold condions (Stewart et al., 1990). For maize plants 

even temperatures below 12-15˚C may induce chilling stress (Hola et al., 2003).  

Low temperature induced photoinhibition (Janda et al., 1994). Again, earlier 

planting tends to place the teaseling and silking period ahead of the greatest risk of high 

temperature accompanied with drought stress (Otegui and Melon, 1997) could contribute 

significantly to higher maize yield (Sheperd et al., 1991). It also allows harvesting earlier 

in the season when conditions are usually better and time losses can be minimized (Hicks 

et al., 1993). Early planting concerned about frost, poor emergence and early plant 

growth on the other hand, farmers who plant late wonder what maturity hybrids to plant 

and how late planting might affect the final grain yield and grain due to moisture stress 

(Lauer et al., 1999). Norwood (2001) suggested that farmers should plant on the more 

than one planting date in order to safeguard against unpredicted seasons. It can also 

minimize the risk of early frost damage (Hicks et al., 1993).  

2.7  Chilling stress at early sowing at initial stage of crop development 

The minimum temperature for germination is 10˚C and especially emergence will 

be far more rapid and uniform at soil temperatures of 16-18˚C. At about 20˚C, maize 

usually emerges 5-6 days after sowing. In comparison to the cold sensitivity, the range of 
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temperature varies with the growth stage. At the same time Barloy (1983) proposed a 

temperature limit for germination between 8-12˚C. During the early stages, the soil 

temperature considerably influences the shoot development, e.g. leaf emergence rate 

(Stamp, 1986), because the shoot meristem is located in the soil until about the six leaf 

stage (Fortin and Pierce, 1991). Germination and early seedling growth are important in 

stand establishment of maize because it is a chilling sensitive crop. Low temperature 

stress during early stage detrimental to crop establishment and productivity and sub-

optimal temperature betters seedling emergence and stand establishment (Stewart et al., 

1990).  

  Low temperature /cold stress adversely affect germination, early plant growth and 

yield (Ercoli et al., 2004). Germination was most susceptible (Miedema et al., 1987). 

During early development between the initial imbibitions of the seed, the seedling 

undergoes several developmental steps of different cold stress sensitivity. This 

temperature range applies between germination and shoot elongation (Miedema et al., 

1987), leaf appearance (Tollenaar et al., 1979), leaf expansion (Duncan and Hesketh, 

1968) and dry matter accumulation (Muldoon et al., 1984).  

Optimum temperature for photosynthesis in maize is 30/25˚C (day/night). Low 

temperature effect the chloroplast structure and photosynthetic efficiency in chilling 

sensitive associated with small and poorly developed thylakoid structures (Sowinski et 

al., 2005), reduction in the activity of enzymes and calvin cycles as well as from a 

decrease in metabolite transport. Chilling injury on leaves changes in relative water and 

chlorophyll contents while decrease in quantum efficiency to produce photosynthates in 

maize (Fryer et al., 1995), modifications in thylakoid membranes and impairment of 

chloroplast development (Nie et al., 1995). Permanent mild cold stress decreased 

chlorophyll content and reduced photosynthesis (Fryer et al., 1995). Similarly, Wise 

(1995) reported that cold stress along with high light intensity reduce the photosynthetic 

capacity by increased formation of reactive oxygen species (ROS) which cause an 

oxidative damage to the photosynthetic apparatus.  

Chilling disrupts essentially all major components of photosynthesis including 

thylakoid electron transport, carbon reduction cycle and control of stomatal conductance. 

This water deficit is caused by a reduction in the root water uptake greater than in the leaf 
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transpiration rate during chilling (Stewart et al., 1990). At the cellular and molecular 

levels, cold stress affects fatty acid composition, the fluidity of cellular membranes, 

metabolic rates, and protein turnover. Mitochondria have been found to be the main 

cellular compartment affected by chilling treatment (Prasad, 1997). 

Membrane rupture due to severe dehydration or through the action of ROS 

(Kratsch and Wise, 2000) is the most direct effect of chilling damage (Xing and 

Rajashekar, 2001). Moreover, reduced cellular respiration (Lee et al., 1997) and ROS 

production intensify extent of damage (Kratsch and Wise, 2000). ROS may react with 

proteins, lipids and DNA, causing oxidative damage and impairing the normal functions 

of cells (Foyer and Fletcher, 2001). Growth at sub-optimal temperature may increase the 

concentration of ROS, which may cause damage to membrane lipids, proteins and nucleic 

acids and chlorophyll leading to the death of the cells (Apel and Hirt, 2004). The ability 

of plant to adjust their antioxidant systems to changing ROS concentrations may be vital 

to all species under stress conditions (Kocsy et al., 2001). 

Chilling decreased  catalase (CAT), peroxidase (POD) and glutathione reductase 

(GR) activity in maize leaves and radicals, while it increased the activity of superoxide 

dismutase (SOD) by 65% and guaiacol peroxidase (GPX) by 180% in leaves and 

superoxide dismutase (SOD) 27% activity in radicals (Kang and Saltveit, 2002).  

Sunted and inefficient root system limit PO4
-3 (MacKay and Barber, 1984), K+ 

(Steffens, 1986) and NO3
- (Pan et al., 1985) uptake, which effect normal growth and 

development processes. Severe chilling stress made roots swollen behind the tip (Barlow 

and Adam, 1989). They have thicker root axes, the number of lateral roots is reduced and 

more roots that are seminal are formed (Kiel and Stamp, 1992), although temperature and 

other external environment factors change shape of root system. Low Temperature 

reduced the photosynthesis by reduced enzyme activities and membrane damage (Lafitte, 

2000a).  

2.8  Mechanism of chilling tolerance 

The term chilling tolerance is used to describe beneficial reactions of the plant to 

low temperature in order to cope with the unfavorable environmental conditions. This can 

include survival during and after severe chilling stress and maintenance of growth 

processes under mild chilling stress about 10-15°C (Stamp, 1984). Increase low 
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temperature tolerance in early seedling would be the obvious and easiest way to increase 

chilling tolerance (Verheul et al., 1995).  

Several endogenous defense mechanisms, both enzymic and non-enzymic act in 

the cells to provide protection against oxidative damage. Important enzymes that 

scavenge ROS include superoxide dismutase, ascorbate peroxidase, and catalase (Noctor 

and Foyor, 1998) and non-enzymatic metabolites like ascorbic acid, salicylic acid and 

low concentration of H2O2 that quench these oxygen radicals and protect membranes 

from injurious effects of ROS (Foyer and Noctor, 2003).  

Therefore, chilling induces oxidative stress and the ability of maize seedlings to 

survive depends on their capacity during acclimation to increase the synthesis and the 

activity of antioxidant enzymes such as superoxide dismutase (SOD), catalase (CAT), 

and peroxidases (POD) (Janda et al., 1999). In non-acclimated seedlings grown at 4°C, 

chilling damage was partly due to the oxidation of a large number protein and lipid 

molecules caused by ROS produced in mitochondria, and to an inhibition of two protease 

activities (Prasad, 1996). 

One of the most common stress responses in plants is overproduction of different 

types of compatible solutes (Serraj and Sinclair, 2002). Compatible solutes are low 

molecular weight, highly soluble compounds that are usually non-toxic at high cellular 

concentrations. They protect plants from stress through different mechaniss, including 

contribution to cellular osmotic adjustment, scavenging of ROS, protecting the membrane 

integrity and stabilization of enzymes/proteins (Bohnert and Jensen, 1996). Ashraf and 

Foolad (2007) suggested that exogenous application of compatible solues like 

glycinebetaine or proline to plants under stress conditions, however, has gained some 

attention to avoid abiotic stresses. 

2.9  Physiological enhancement strategies  

Different researchers suggest that different compounds like plant growth 

hormones (ABA, GA, Cytokinin and SA), antioxidants (ascorbic acid,α-tocopherol) and 

osmoprotectant can be applied as seed priming or through foliar spray to improved plant 

by counteracting adverse effects of stresses in plants. Seed priming with salicylic acid 

increased germination under low temperature condition (Farooq et al., 2008b) and 

improved chilling tolerance (Farooq et al., 2008a; Janda et al., 1994) in maize by 
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activation of antioxidants (Farooq et al., 2008b; Farooq et al., 2009b), maintenance of 

tissue water contents and reduced membrane permeability (Farooq et al., 2008a). Seed 

priming with ascorbic acid induced salinity tolerance (Khan, 2007), while priming with 

SA induce drought tolerance in wheat (Bezrukova et al., 2001).  

2.9.1  Seed priming is an effective tool used improve stand establishment and yield 

of maize 

Priming is a control hydration process followed by re-drying that allows pre-

germination metabolic activities to proceed but prevents radical protrusion/ emergence 

(Khan, 1992). Priming increase synchoronuos and uniform emergence, even under 

stressful conditioned (Bradford, 1986). Seed priming is an easy, simplest, cost effective 

and low risk technique and alternative approach recently being used to combat salinity 

and low temperature during emergence maize. Seedling emergence is a major factor 

limiting the establishment of plant under suboptimal conditions (Farooq et al., 2008a). 

Priming induces some physiological and biochemical changes in the seeds, which 

hastened crop growth and development. Priming strategy improve and faster germination 

and seedling establishment of maize (Farooq et al., 2008a). Seed priming has been known 

to have beneficial effects on crop emergence under stressful condition.  

Early emergence as a result of seed priming Burmuda grass improved the final 

emergence percentage (FEP) significantly under saline conditions. Burgrass and Powell 

(1998) suggested that priming may enhance repair mechanism that occurs during soaking 

(Burgrass and Powell, 1998) which  allows the hydration of membrane and proteins, and 

hydration of different metabolic enzymes (Ashraf and Iram, 2002). Cheng and Bradford, 

(1999) reported that priming pre-activates enzymes and DNA replication, which may 

improve emergence and early seedling vigor or establishment (Cheng and Bradford, 

1999). Priming triggers emergence has been shown to improve maize stand establishment 

(Murungu et al., 2004).  

During imbibition process repair of DNA (Sivtepe and Dourado, 1995), RNA 

(Kalpana and Madhava, 1997a), protein (Dell’ Aquilla and Tritto, 1990; Kalpana and 

Madhava, 1997b), membranes (Tilden and West, 1985) and enzymes (Jeng and Sung, 

1994) occur. Repairing   process hastened by increased in moisture content of wheat 

(Petruzzeli, 1986). Chiu et al., (1995) found that increasing hydration effects membrane 
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repair in watermelon seeds which associated stimulation of peroxidase and reduced 

glutathione.  

Osmopriming also increased RNA especially mRNA (Bray et al.,1989) and 

tomato (Coolbear et al., 1990) seeds which were associated  which support protein 

synthesis to permit subsequent seed germination (Coolbar et al., 1990). Ashraf and Bray 

(1993) reported that 70-80 % of DNA synthesis during osmopriming represented plastid 

or mitochondrial DNA. Bino et al. (1992) reported that 42 % of osmoprimed tomato root 

tip cells were arrested in the G2-phase of mitosis and did not complete cell division.  

In maize plants pretreatment with salicylic acid increased antioxidant enzyme 

activities as well as chilling tolerance in maize (Janda et al., 2007; Farooq et al., 2008a). 

Seed priming reduce the germination time, improve germination rate and better seedling 

stand in field crops like maize, wheat (Dell Aquilla and Tritto, 1990; Chowdhary and 

Basset, 1994). 

Seed with more rapid germination under salt stress may be expected to achieve a 

high final germination percentage and rapid seedling establishment percentage and rapid 

seedling establishment and ultimately yield (Farooq et al., 2008a).  

To accelerate these processes, seed priming techniques are more important in this 

era to overcome environmental stresses like chilling tolerance in maize. Tolerance to 

abiotic stresses is very complex at the whole plant and cellular levels (Ashraf and Harris, 

2004). Janda et al., (1999) suggested that the pre-treatment of maize plants with salicylic 

acid at normal growth temperature may induce antioxidant enzymes like guaiacol  

peroxidase (GOP)and glutathione reductase (GR), decrease in catalase (CAT) and where 

SA treatment did not cause any change in concentration of ascorbate peroxides (APX) 

and superoxide dismutase (SOD) activities which lead to increase chilling tolerance. An 

application of 0.5 mM SA pretreatment decreased net photosynthesis, stomatal 

conductivity and transpiration at growth temperature of (22/20 oC).   

Physiological enhancements strategy of priming improves seed germination and 

seedling emergence under suboptimal temperature. Primed seeds usually exhibit 

increased germination rate, greater germination uniformity and some time greater total 

germination percentage (Brocklhurst and Dearman, 1984). Khorshidi and Nojavan (2006) 
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compared the fidelity of abscisic acid treated seed against cold stress in maize on the 

bases of antioxidant activities.  

Seed priming with H2O2 also induces salinity tolerance in wheat (Wahid et al., 

2007b). Seed priming with SA increased germination under low temperature condition 

(Farooq et al., 2008b) and improved chilling tolerance (Janda et al., 1994) in maize by 

activation of antioxidants (Farooq et al., 2008b; Farooq et al., 2009b), maintenance of 

tissue water contents and reduced membrane permeability (Farooq et al., 2008a).  

Seed priming with ascorbic acid induced salinity tolerance (Shakirova and 

Bezrulova, 1997), while priming with salicylic acid induce drought tolerance in wheat 

(Bezrukova et al., 2001).  

Seed priming with SA  in maize increased emergence index (EI) and improved 

final emergence percentage (FEP) and plant growth while decreased mean emergence 

time (MET) and time to 50% emergence (E50)  at suboptimal temperature (Farooq et al., 

2008c). Seed priming with SA salicylic acid increased germination under low 

temperature condition (Farooq et al., 2008b) and improved chilling tolerance (Farooq et 

al., 2008a; Farooq et al., 2009a; Janda et al., 1994) in hybrid maize by activation of 

antioxidants (Farooq et al., 2008c), maintenance of tissue water contents and reduced 

membrane permeability (Farooq et al., 2008a).  

Seed priming may improve the germination and seedling establishment at sub-

optimal temperatures. Several studies reported the benefits of priming on germination to 

improve the germination and stand establishment (Basra et al., 2005; Farooq et al., 2006). 

To accelerate these processes, seed priming techniques are more important in this era to 

overcome environmental stresses like chilling tolerance in maize. Tolerance to abiotic 

stresses is very complex at the whole plant and cellular levels (Ashraf and Harris, 2004).     

2.10. Physilogical Role of Ascorbic acid  

Ascorbic acid (AsA) is an organic compound required in trace amount to maintain 

normal growth in higher plants (Podh, 1990) and plays an important role in the electron 

transport system (Liu et al., 1997). An important as a cofactor for a large number of key 

enzymes in plants (Arrigoni and DeTullio, 2000). Ascorbic acid (AsA) is also an 

important antioxidant molecule and act as a primary scavenger of superoxide radicals and 

singlet oxygen in the Halliwell-Asada pathway and substrate of ascorbate peroxidase 
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(APX) (Noctor and Foyer, 1998). Additionally ascorbic acid can act as a secondary 

antioxidant regeneration of α-tocopherol. Ascorbic acid influences cell division and cell 

enlongation in plants (Smirnoff and Wheeler, 2000; Pinouchi and Foyer, 2003), invoved 

in phytohormone-mediated signaling processes during the transition from the vegetative 

to the reproductive phase as well as the final stage of development and senescence (Barth 

et al., 2006).   

Ascorbic acid and related enzymes like ascorbate peroxidase play diverse roles in 

several physiological processes in plants growth and metabolism. Ascorbic acid 

regenerates α-tocopherol which protect the plant from PCD,  Ascorbic acid as serves as 

an important co-factor for synthesis of hormones (Barth et al., 2006) and it affected 

phytohormone-mediating signaling processes during transition from vegetative to 

reproductive phase and final stage of development, senescence (Barth et al., 2006).  

Furthermore, exogenous application of AsA have been found to induce mitotic 

activity in Zea mays (Kerk and Feldman, 1995), possibly by inducing transition of cells 

from G1 to  S stage of cell division (Liso et al., 1988). It acts as an electron donor or 

acceptor for both photosynthetic and mitochondrial electron transports.   

2.10.1 Physiological responses of exogenously ascorbic acid applied plants subjected 

to abiotic stresses 

Ascorbic acid can be applied exogenously either as a pre-sowing seed treatment 

or foliar spray to improve abiotic stress tolerance in crops. For example, foliar application 

of ascorbic acid (AsA) counteracted the growth inhibition induced by NaCl in wheat (Al-

Hakimi and Hamada, 2001) and tomato (Shalata and Neumann, 2001). Ascorbic acid 

upon growth and productivity have been reported on oil seed crop (Dolatabadian and 

Modarressanavy, 2008), common bean (Dolatabadian and Saleh-Jouneghani, 2009), 

wheat (Abdel-Hameed et al., 2004) and sunflower plants (Dolatabadian and 

Modarressanavy, 2008). We report first time the use of ascorbate in maize as priming and 

foliar treatment to mitigate the temperature extremes.  

Seed priming with ascorbic acid enhanced final emergence percentage (FEP), 

emergence index (EI) and reduced mean emergence time (MET) and time to 50 % 

emergence (E50) in wheat (Afzal et al., 2005).  Seed priming with ascorbic acid induced 
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salinity tolerance (Khan, 2007) in wheat. Dolatabadian and Modarressanavy (2008) 

reported exogenous application of ascorbic acid improved germination in oil seed crops. 

Seed priming with ascorbic acid induced emergence, growth, chlorophyll, 

photosynthesis and antioxidants in wheat under saline conditions (Khan, 2007; Afzal et 

al., 2005). Exogenously applied ascorbic acid improved chlorophyll (a and b) contents in 

wheat under saline conditions (Khan et al., 2006; Amin et al., 2008) and chickpea under 

salinity stress (Beltagi, 2008). Salt-induced enhanced activities of all antioxidant enzymes 

were not substantially changed with ascorbic acid application (Khan et al., 2006). Khan 

et al., (2006) concluded that exogenous application of ascorbic acid protected 

photosynthetic machinery from the adverse effects of salt stress. 

Ascorbic acid decreased catalase activity in safflower and rapeseed (Dolatabadian 

and Modarressanavy, 2008). Dolatabadian and Modarressanavy (2008) also reported that 

exogenous application prevented protein degradation and lipid peroxidation in 

germinated seeds. Being, nutritional additive to tissue culture media and it can also serves 

as an antioxidant to reduce oxidative stress and alleviate the tissue browning (Dodds and 

Roberts, 1995). 

It has a substantial role in metabolic activities like photosynthesis, flowering and 

senescence (Davey et al., 2000).  It has also role in floral induction via GA biosynthesis. 

The effects of exogenous application of AsA improved the growth of chickpea under 

saline conditions. Ascorbic acid has a role in regulating photosynthesis through 

protecting the photosystem as an antioxidant molecule or dissipating excessive excitation 

energy as heat.   

Foliar application of ascorbic acid increased phosphorus and potassium (Negm et 

al., (1997). Exogenous application ascorbic acid application decreased leaf Na+ and 

increased K+ under saline conditions (Hamad and Hamada, 2004). Exogenous application 

of AsA promoted root growth of Allium sp. (Arrigoni et al., 1996). Foliar spray of AsA 

alleviated the adverse effects of acidity through improving ion uptake of K+, Ca++, and 

Mg++ in Carthamus tinctorius (Gadallah, 2000). However, its application increased the 

Na+ contents, but it did not change the K+ accumulation in the leaves of the salt stressed 

plants irrespective of salt tolerance (Khan et al., 2006).  
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Exogenous application of AsA enhanced growth and yield by ameliorating the 

adverse effects of salinity in wheat (Khan, 2007). Sakr and Arafa (2009) were carried out 

his study to investigate the role of some applied antioxidants of ascorbic acid @ 200 mg 

L-1 ameliorates  harmful effect of salinity in canola on growth, yield and its components. 

However, the applied antioxidants were more effective at lower salinity levels. Khan et 

al. (2006) concluded that ascorbic acid in alleviation of the adverse effects of salinity on 

growth of wheat. Amin et al. (2008) reported that exogenous application ascorbic acid 

(400 mg L) increase in plant height, number of tiller and spikes, flag leaf area, grain 

weight and grain yield in wheat. Amin et al. (2008) reported exogenously ascorbic acid 

biochemical constituents in grains were significantly increased in wheat.  

2.11 Physiological responses of exogenously salicylic acid applied plants subjected 

to abiotic stresses 

Salicylic acid (SA) has been referred as playing a role in modulating plant 

responses to abiotic and biotic stresses. Accordingly, SA has been reported to increase 

thermotolerance and heat acclimation (Dat et al. 1998), chilling tolerance (Janda et al. 

1999) etc. SA has also been described as being an endogenous signal for the activation of 

plant defenses during pathogen attack, mediating the oxidative burst that leads to cell 

death in the hypersensitive response, and acting as a signal for the development of 

systemic acquired resistance (SAR) (Dempsey et al. 1999). The transduction of the 

resistance signal by SA could be achieved by the inhibition of the major H2O2-

scavenging enzymes, such as ascorbate peroxidase and catalase, leading to an increased 

level of H2O2 (Dempsey et al. 1999). More recently, it has been suggested that H2O2 

functions upstream rather than, or in addition to, acting downstream of SA, since SA-

treated plants showed no differences in CAT or APX (Dempsey et al. 1999). SA-

enhanced H2O2 levels could also be attributed to an increased activity of H2O2 producing 

enzymes, as reported for Cu, Zn-superoxide dismutase (Rao et al. 1997). SA application 

either as priming or foliar application over expressed enzymatic antioxidants in maize 

which could be possible reason for induction of tolerance against temperature extremes. 

Salicylic acid is ubiquitous plant phenol that play important role in plant response 

to biotic (Janda et al., 2007). However, recently suggesting that SA also plays a role in 

responses to abiotic stress effects like chilling and heat, heavy metals, salinity etc. (Janda 
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et al., 2007; Khan, 2007; Farooq et al., 2008b). Salicylic acid occurs in plants in very low 

concentration and involved in regulation of many physiological processes in plant such as 

stomatal closure, uptake of nutrient, biosynthesis chlorophyll and protein, transpiration 

and photosynthesis (Khan et al., 2003; Shakirova et al., 2003). The sustained level of 

salicylic acid may be a prerequisite for the synthesis of auxin and cytokinin (Metwally et 

al., 2003).  

Salicylic acid promotes some processes while inhibiting others depending on its 

dose, time of application, methods, plant species, development stages and environmental 

conditions (Mateo et al., 2006). Gutierrez-Coronado et al., (1998) reported that 

exogenously applied SA increased the number of flowers, pods and seed yield of 

soybean. Exogenous application of SA enhanced growth in wheat (Shakirova et al., 2003; 

Arfan et al., 2007) and maize (Wahed et al., 2006; Farooq et al. 2008b). While higher 

concentration of salicylic acid inhibited plant growth and chlorophyll contents of wheat 

plants (Singh and Usha, 2003). 

Salicylic acid induces resistance to chilling stress in maize (Janda et al., 1994; 

Farooq et al., 2008b), salinity in wheat (Arfan et al., 2007) and water deficit (Waseem, 

2006). Salicylic acid is reported to induce more accumulation of proline contents in 

salinity and water stressed seedlings (Shakirova et al., 2003). Salicylic acid increased the 

contents of total soluble proteins and grain proteins (Sivakumar et al., 2001) in Phaseolus 

vulgaris and reduction in total soluble protein content of wheat (Singh and Usha, 2003) 

under water drought conditions.  

Moreovere, exogenous application of SA treatments (0.5 mM) suppressed Cd-

induced up-regulation of the antioxidant enzyme activities of barley (Metwally, et al., 

2003). Catalase seems to be a key enzyme in salicylic acid-induced stress tolerance, since 

it was shown to bind SA in vitro (Chen et al., 1993).  

Seed priming with 20 mg L-1 SA solution increased chlorophyll contents in  

Brassica napus (Huijie et al., 1995) while 100 mg L-1 SA in wheat photosynthetic 

pigments under drought and salinity stresses (Hamada and Al-Hakimi, 2001). The foliar 

application of salicylic acid also caused a decline in chlorophyll contents of Vigna mungo 

(Anandhi and Ramanujam, 1997). 
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Seed soaking with 10-2-10-6 M SA growth and some physiological characters in 

wheat (Triticum aestivum L.) under saline and normal conditions (Kaydan et al., 2007). 

Kaydan et al., (2007) reported that seeds primed with SA increased the emergence 

percentage, osmotic potential, shoot and root dry weight, K+/Na+ ratio, photosynthetic 

pigments (Chl a,b and carotenoids) contents in wheat seedlings under saline conditions.  

Exogenous application of SA @ 1 mM is effectively increased activities of SOD, 

APX and CAT in wheat (Agarwal et al., 2005). Ananieva et al., 2004 found that SA 

application increased in activity of SOD, POD and CAT by 17, 25 and 20 % compared to 

the control plants respectively. Salicylic acid application increase in POD activity in 

maize (Zea mays) subjected to chilling stresses (Janda et al., 1999). Low concentration of 

SA of 25-100 mg L-1 induced higher SOD and POD activities in Vanilla plaifolia. 

Foliar spray SA @1-2 mM enhanced SOD activity in wheat (Singh and Usha, 

2003). Similarly exogenously treatement SA (500 uM) increased SOD and CAT activities 

in barley (Popova et al., 2003). SA application did not affected SOD activity while 

decrease in CAT and an increase GPX activity after one day treatment of salicylic acid 

(Kang et al., 2003). SA application @ 0.25 mM enhanced shoot SOD and CAT activity 

in kentucky bluegrass when subjected to heat stress (He et al., 2005).  

Exogenously application of SA increase nutrient uptake in rice (Vaiypuri and 

Sriramachandrasekharan, 2003). Exogenously applied SA increase in P contents in barley 

(El-Tayeb, 2005) and wheat (Zhang et al., 1999) under saline conditions. Kawano and 

Muto (2000) reported that SA application increased Ca++ content in tobacco suspension 

culture. Exogenous application of SA increased Nitrogen content in pearl millet 

(Sivkumar et al., 2001).      

It also provides protection in maize plants against chilling stress (Farooq et al., 

2008b). Presoaking of maize’s seeds in SA solution reduced emergence time and 

improved emergence under cold conditions (Farooq et al., 2008c), induced seedling 

resistance to cold stress, manifestd as significantly more plant fresh and dry weights in 

chillies (Benavides-Mendoza et al., 2002). Salicylic acid increases in root and shoot 

growth (Khodary, 2004).  

Seed priming with salicylic acid increased germination at suboptimal temperature 

(Farooq et al., 2008b) and improved chilling tolerance (Farooq et al., 2008a; Janda et al., 
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1994) in maize by enhancing the antioxidants activity (Farooq et al., 2008b; Farooq et al., 

2009b), maintenance of tissue water contents and reduced membrane permeability 

(Farooq et al., 2008a).  

Salicylic acid application @ 0.5 mM increased plant growth and yield of wheat 

(Shakirova et al., 2003). Shakirova et al., (2003) found that SA application increased 

accumulation ABA and IAA in wheat seedling but did not influence cytokinin content.  

Salicylic acid application increased photosynthetic pigments and improved the 

rate of photosynthesis in maize (Sinha et al., 1993; Khodary, 2004). Fariduddin et al. 

(2003) found that foliar application SA increased photosynthetic rates and carboxylation 

efficiency of Brassica juncea.  

Pre-soaking of wheat seedlings with SA was characterized by larger ear size, 

higher seed mass and higher grain yield (Shakirova et al., 2003).  

In maize plants, pre-soaking seed treatment with SA increased antioxidant 

activities during chilling tolerance (Janda et al., 1999). Rao et al. (1997) have reported 

that SA treatment increased SOD activity. Foliar application of SA on mustard plants 

improved their heat tolerance in mustard (Dat et al., 1998). Foliar application of SA 

improved their tolerance to a subsequent heat shock of 1 and 1.5 h of 45˚C and 55˚C in 

mustard. Singh and Awasthi (1998) reported SA application @ 5 mg L-1 might be useful 

for improving crop growth, yield and nutritional quality of green gram.Khodray (2004) 

found that foliar application of SA increased Chl a and b content in maize.  Khan et al. 

(2003) concluded that foliar application of SA @10-3-10-5 M did not affect chorophyll 

contents in soybean and maize. Moharekar et al., (2003) observed chlorophyll contents 

decreased significantly in wheat with SA application (10 mg L-1) in seedlings of  Triticum 

aestivum and Vigna radiata while increased total carotenoid content, size of xanthophylls 

pool and de-epoxidation rate with increase in SA concentration. 

Exogenous application SA (0.5mM) to barley seedling with caused an inhibition 

in the rate of photosynthesis (Popova et al., 2003). A sixty day old Brassica juncea plant 

when sprayed with SA (10-5 M) bear the higher photosynthetic rate than the control 

(Fariduddin et al., 2003). This protective action of SA stress as those may be associated 

with the reduction of transpiration rate and enhancement of photosynthesis, which 

together increased water stress efficiency under drought (Singh and Usha, 2003). 
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Exogenous salicylic acid also plays a role in several physiological and 

biochemical processes (Raskin, 1992), like induction of flowering and the inhibition of 

K+ and PO4
-3 uptake (Glass, 1983) and ethylene synthesis. Salicylic acid may decrease 

the transpiration (Larque-Saavedra, 1978) and inhibit cis-abscisic acid (ABA)-induced 

stomatal closure (Rai et al., 1986).  

Agarwal, et al., (2005) found that foliar application salicylic acid enhanced the 

activity of SOD, APX, GR and CAT while decreased the contents of H2O2 and 

thiobarbituric acid compared to control. The beneficial role SA increase in antioxidant 

enzyme and decrease in oxidative stress was reflected in increase in chlorophyll contents, 

relative water contents, membrane stability index, leaf area and total biomass over 

control. 

Foliar application of salicylic acid (10-3 and 10-5 M) to maize plants did not affect  

root and soot length (Khan et al., 2003) but increased in leaf area (Khan et al., 2003; 

Khodary, 2004),  whereas SA applied @ 10-4 M increased leaf area in soybean seedlings 

(Lian et al., 2000). Similar increase in fresh weights of roots and shoots of stressed maize 

plants treated with SA was obtained by Khodary (2004).  

Foliar application of salicylic acid had obvious drought resistance and increased 

yield of maize (De-Guang et al., 2001) and pearl millet (Sivakumar et al., 2001). It has 

been observed that 60-day-old Brassica juncea plants sprayed with 10-5 M salicylic acid 

mnifested number of pods and seed yields increased by 13.7 % and 8.4 % respectively 

over control (Fariduddin et al., 2003).  

 Amin et al. (2008) reported foliar application of SA (100 or 200 mg L-1) 

improved growth, yield and N, P and K in wheat. There was a progressive increase in 

plant height, number of tiller and spikes, flag leaf area, blades area/plant, spike length, 

grain index (g), grain and straw yield per plant and per fed by increasing ascorbic acid 

level up to 400 mg L.  

2.12 Physiological Functional of Hydrogen Peroxide  

Hydrogen peroxide plays a direct role in defense and is involved in many signal 

transduction pathways that lead to the proliferation of other defenses. Because catalase 

helps to maintain reactive oxygen homeostasis during biotic and abiotic stress, its activity 

was measured in various cob tissues during maize ear development. Under different 
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stresses plants accumulate active oxygen species (AOS), including hydrogen peroxide 

(Arora et al., 2003). Whereas H2O2 plays dual role in plants: at low concentrations, it acts 

as a messenger molecules involved in acclamatory signalining, triggering tolerance 

against abiotic stresses (Prasad et al., 1994; Karpinski et al., 1999, Vandenabeele et al., 

2003) and at high concentrations, it lead to programmed cell death  (Foyer et al., 1997; 

Vandenabeele et al., 2003; Dat et al., 2003). Maize plants pretreated with H2O2 showed 

improved chilling tolerance (Janda et al., 1994). Prasad et al., (1994) observed that the 

cold-acclimation process created a mild oxidative stress in maize seedlings. Shin and 

Danial (2004) observed that H2O2 production increased after K+ deprivation in specific 

region of maize roots, which has been shown to be active in K+ uptake and translocation, 

it plays a role in signaling pathway during auxin-regulated root gravitropism (Joo et al., 

2001). AOS, interplay with other molecules, particularly with hormones such as abscisic 

acid (ABA), suggesting their presence as key components of an integrated signaling net 

work involved in many aspects of seed physiology (Bailly, 2004). 

The oxidant like H2O2 is central components of signal transduction in both 

environmental stresses. Glutathione and H2O2 may act alone or in concert at intracellular 

level in the systematic signaling systems to achieve acclimation and tolerance to abiotic 

stresses (Christine et al., 1997). Recently, H2O2 has emerged to be central players in the 

world of plant cell signaling, particularly under various stressful situations (Slesak et al., 

2007; Wahid et al., 2007b). Generation of active oxygen species, particularly H2O2 

during abiotic stresses have been proposed as part of signaling cascade leading to 

protection from these stresses (Doke et al., 1994).  

H2O2 is more stable ROS and can diffuse across membranes through water 

channels (Henzler and Steudle, 2000) and cause oxidative protein modifications at distal 

areas from its production (Scandalios et al., 1997). ROS induce cytosolic Ca2+ and 

stomatal closure. 

It is now broadly accepted that H2O2 is involved in number of signaling cascades 

in plants (Neill et al., 2002), stomatal responses (Chen and Gallie, 2004), acquired 

resistance (Chen et al., 1993) and programmed cell death (Levine et al., 1994). Plants 

have evolved complex regulatory mechanisms in adapting to various environmental 

stresses. One of consequences of many stresses is an increase in the cellular concentration 
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of reactive oxygen species (ROS), which are subsequently converted to hydrogen 

peroxide. These include genes encoding antioxidant, cell rescue proteins and signaling 

proteins such as kinase, phophatase and transcription factors. The function of H2O2 as, a 

signal transduction of stress signals to the alteration of expression profile of target genes 

(Hung et al., 2005). 

Exogenously applied H2O2 also enhanced activities of APX and GR in rice roots 

(Tsai et al., 2005) and incresead CAT activies in sunflower and rape seed (Dolatabadian 

and Modarressanavy, 2008). Exogenous H2O2 treatments on maize seedlings 

simutenously enhanced multiple resistances to heat, chilling and salt stress. This impliesd 

that H2O2 may play a significant role in triggering cross tolerance of maize to diffeent 

stresses (Gong et al., 2001). Maize seedlings treated with H2O2 tolerate effectively than 

non-treated, treated seedling bear stronger antioxidant system of defense (Prasad et al., 

1994).      

H2O2 induces accumulation of compatible solute, glycinebetain, in barley 

(Jagendorf and Takabe, 2001). Creeping bent grasses indicated the expression and 

regulation of antioxidant system regeneration enzymes, suggesting that specific group of 

potential signaling molecules including H2O2 induced tolerance to heat stress by reducing 

oxidative damage (Larkindale and Haung, 2004).  

2.12.1 Physiological responses of exogenously hydrogen peroxide applied plants 

subjected to abiotic stresses 

Takabe et al. (2004) reported that treatment of Kentucky blue grass seeds with 

H2O2 with low concentrations fastened germination and seedling fresh weight, thus 

showing that it is useful for improved germination of this grass. Low doses of oxidative 

stress induced by H2O2 stimulate germination of seeds and growth of vegetation parts of 

plants. Hosnedl and Honsova (2002) reported that sand moistened with 0.75 % solution 

of H2O2 significantly enhanced seed germination in barley. It is proposed that H2O2 

promotes the oxidation of germination inhibitor in pericarp (Ogawa and Wabuchi, 2001; 

Naredo et al., 1998) and stimulates seedling growth by increasing mass and length of 

sprouts (Narimanov and Korystov, 1997). AOS must be regarded as molecules 

intervening in cellular signaling. They are involved in growth processes occuring at early 

emberyogenesis during seed development and participate in the mechanisms underlying 
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radicale protrusion during seed germination. AOS might also have a reglator function in 

the changes in gene expression during seed development, dormacy and germination 

(Bailly, 2004). 

Wahid et al. (2007b) revealed that activation of antioxidants in seed when pre-

soaked with H2O2 (1-120 µM) and curtailed the mean germination time (MGT) under 

saline condition. Uchida et al. (2002) found that pretreatment of rice seedling with low 

concentration of H2O2 increase  not only AOS scavenging enzymatic activities but also 

induce the expression of transcripts for stress-related genes encoding sucrose-phosphate 

synthetase, proline-5- carboxylate synthetase and small heat shock protein 26 KDa . 

Exogenous H2O2 treatments of maize seedlings simultaneously enhanced multiple 

resistances to heat, chilling, and salt stress. This implied the H2O2 might play a signaling 

role in triggering cross adaptation of maize seedling to various stresses (Gong et al., 

2001). Fidalgo et al. (2004) studied the effect of long-term NaCl treatments on the 

activity of some antioxidant enzymes, levels of antioxidant metabolites, water relation 

and chloroplast structure in potato leaves.  

Exogenous H2O2 induced stomatal closure in a dose and time-dependent manner, 

and H2O2 was also required for ABA-inhibition of stomatal opening in light, ROS are 

involved in leaf water balance, reduced leaf water loss and ABA accumulation of wheat 

seedlings under osmotic stress. H2O2 induced ABA accumulation in a dose-dependent 

manner butt had a maximal effect at 1 mM (Xing et al., 2004). 

The main function of catalase is to convert H2O2 into water and oxygen. Although 

H2O2 is toxic at high concentrations, at low concentrations it may play a role in signal 

transfer processes in plant (Prasad et al., 1994). SA inhibited the catalase activity in vitro 

and induced an increase in H2O2 concentration in tobacco (Chen et al., 1993). The 

addition of H2O2 may help to induce other protective mechanisms (Prasad et al., 1994). 

A common consequence of most abiotic and biotic stresses is an increased 

production of ROS. Plants protect cell and sub cellular systems from the cyto-toxic 

effects of these ROS with antioxidant enzymes such as SOD, APX, glutathione reductase 

(GR), monodehydroascorbate reductase (MDHAR), dehydroascorbate reductase 

(DHAR), CAT and nonenzymatic substances such as glutathione, ascorbic acid, α-

tocopherol and carotenoids (Bowler et al., 1992).  
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Wahid et al., (2007b) reported that H2O2 treated seedlings displayed greater tissue 

K+, NO3
- and PO4

3- levels. Wahid et al., (2007b) suggested that pre-traetment of seed 

with H2O2 signals the activation of antioxidants in seeds, which persists in the seedlings 

to offset the ion-induced oxidative damage.   

H2O2 is more stable ROS and can diffuse across membranes through water 

channels (Henzler and Steudle, 2000) and cause oxidative protein modifications at distal 

areas from its production (Scandalios et al., 1997). ROS induce cytosolic Ca2+ and 

stomatal closure. Exogenous H2O2 application restored ICa   channel activation functions 

in mechanosensing has yet been obtained. Under environmental stresses, H2O2 an active 

oxygen species, is widely generated in many biological systems. H2O2 inhibited induced 

closure of stomata, and this effect was reversed by ascorbic acid at concentrations lower 

than 10-5 M. in plants, many compounds have been nominated as agents involved in 

signaling both in biotic and abiotic stress responses. Salicylic acid, H2O2, GSH and 

GSSG, calcium photoreceptors with Ca+2. H2O2 is the most stable of the ROIs oxidant 

and a reductant. H2O2 scavenging is ascorbate peroxides catalyzes the reaction  

2 ascorbate + H2O2 →→ →→→→2 monodehydro ascorbate + 2 H2O2. 

This indicated that H2O2 can induced both salt and heat tolerance in rice seedling 

by acting as a signal molecule. H2O2 also reported to induce small heat shock protein 

(HsP 26) in tomato and rice (Lee et al., 2000). H2O2 induced the accumulation of free 

benzoic acid and salicylic acid in tobacco (Leon et al., 2004). Yu et al. (2003) reported 

that oxidative shocks induced by pretetreatment of leave with H2O2 can effectively 

increase chilling tolerance in mugbean.  

The role of H2O2 is due its higher stability and longer half-life, which can regulate 

plant development, stress adaptation and programmed cell death (Apel and Hirt, 2004). 

Levine et al. (1994) and Chamnogpol et al. (1998) reported that reduction of hydrogen 

genertrates H2O2, a relatively long-lived molecule (1 ms), that can diffused some distance 

away from its site of synthesis. It interacts with other signaling systems particularly 

hormones to modify the action of other secondary messenger such as Ca2+ and nitrous 

oxide. Evidence on the transport of H2O2 from the apoplastic to cytosol suggested the 

possibility for regulation of signal transduction via modulation of transport systems 

(Gabriela and Foyer, 2002). 
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H2O2 signalling is of potential significance to any program aimed at improving 

crop tolerance of environmental stress. Its production was reported to increase in 

response to chilling stress whilst its exogenous application increases chilling tolerance 

(Prasad et al., 1994). Chamnongpol et al. (1998) reported that ethylene peak followed by 

accumulation of H2O2, preceded by salicylic acid, implied that H2O2 can work as an 

intermediate signaling upstream of both ethylene and SA during plant stress responses 

and can serve as a second messenger in signal transduction pathway leading to 

temperatures stresses acclimation (Foyer et al., 1997). H2O2 can also contribute to 

secenscene during normal developmental processes (Dhindsa et al., 1991). 

Available information show that H2O2 directly regulates the expression of 

numereous genes, some of which are involved in plant defense and hypersensitive 

response (Korsmeyer et al., 1995; Alvarez et al., 1998; Kovtun et al., 2000) and those of 

antioxidants, cell rescue /defens proteins and signaling protein such as kinase, 

phosphatase and transcription factors (Hung et al., 2005). Studies have revealed that 

MAPKs are activated by H2O2, which lead to modulation of gene expression (Zwerger 

and Hirt, 2001; Torres and Foeman, 2003). Moreover, H2O2 is an attractive signaling 

molecule contributing to the phenomenon of cross tolerance (Boler and Flur, 2000).      

The accumulation of H2O2 at high levels in cell walls adjascent to intercellular 

spaces in the spongy meshophyll can be explained by the rapid evaporation of water in 

these air-filled spaces, together with the lower ROS-scavenging activity at these sites 

(Martha et al., 2001). This might also represent a defense strategy of the plant, because 

stomata and intercellular spaces are paths for invasion by microbial pathogens (Bestwick 

et al., 1997). Stomatal closure also is mediated by H2O2 through the activation of calcium 

channels (Pel et al., 2000). 

Under environmental stresses, H2O2 an active oxygen species, is widely generated 

in many biological systems. Zhang et al., (2001) provided that H2O2 may function as an 

intermediate in ABA signaling in Vicia faba guard cells. Guard cells treated with ABA 

may close the stomata via a pathway involving H2O2 production, where it may act as an 

intermdiate in ABA signaling. 

Stomatal closure induced by darkness or ABA was inhibited by H2O2 scavenging 

enzyme (Desikan et al., 2004). Exogenous H2O2 induced stomatal closure in a dose and 
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time-dependent manner, and H2O2 was required for ABA-inhibition of stomatal opening 

in light. ROS are involved in leaf water balance, reduced leaf water loss and ABA 

accumulation of wheat seedlings under osmotic stress. H2O2 induced ABA accumulation 

in dose-dependent manner but had a maximal effect at 1 mM (Xing et al., 2004).   

Exogenous application of H2O2 increases chiling tolerance by enhancing the 

gluthathione level of mungbean seedlings (Murphy et al., 2002). Azevedo Neto et al. 

(2005) found that addition of H2O2 to the nutrient solution induces salt tolerance by 

enhanced activities of antioxidants and reduced peroxidation of membrane lipids in leave 

and roots of maize as an acclimation response. This implied that H2O2 may play a 

signaling role in triggering cross adaptatio of maize seedling to various stresses (Gong et 

al., 2001). Prasad et al. (1994) showed that maize seedlings injected with H2O2 become 

more tolerant against chilling stress. In the acclimated seedlings chilling tolerance was 

partly due to an enhanced antioxidant system that prevented the accumulation of active 

oxygen species (AOS) during chilling stress. Indeed it has shown that the pretreatment of 

seedlings with H2O2 induce chilling tolerance (Yu et al., 2003).    

Exogenously applied H2O2 also enhanced the activities of APX and GR and the 

expression of OsAPX and OsGR in rice roots (Tsai et al., 2005). However, the data on 

the membrane stability characteristics under the exogenous application of H2O2 are scare 

and merit through investigation. Wahid et al., (2007b) reported that wheat seedling 

treated with H2O2 enhanced the membrane properties, as revealed from greatly reduced 

relative membrane permeablity (RMP) and less altered ion leakage pattern (compareable 

to water control). 

H2O2 induces accumulation of compatible solute, glycinebetain, in barley 

(Jagendorf and Takabe, 2001) creeping bent grasses indicated the expression and 

regulation of antioxidant system regeneration enzymes, suggesting that specific group of 

potential signalling molecules including H2O2 induced tolerance to heat stress by 

reducing oxidative dmage (Larkindale and Huang, 2004). 

Xiao et al. (2001) Epidermal bioassay demonstrated that benzylamine, a 

membrane-permeable weak base, can mimick hydrogen peroxide (H2O2) to induce 

stomatal closure, and butyric acid, a membrane-permeable weak acid, can partly abolish 

the H2O2-induced stomatal closure. Confocal pH mapping with the probe 5-(and-6)-
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carboxy seminaphthorhodafluor-1-acetoxymethylester (SNARF-1-AM) revealed that 

H2O2 leads to rapid changes in cytoplasmic and vacuolar pH in guard cells of Vicia faba, 

i.e. alkalinization of cytoplasmic areas occur red in parallel with a decrease of the 

vacuolar pH, and that butyric acid pretreatment can abolish alkalinization of cytoplasmic 

areas and acidification of vacuolar areas of guard cells challenged with H2O2. These 

results imply that the alkalinization of cytoplasm via efflux of cytosol protons into the 

vacuole in guard cells challenged with H2O2 is important at an early stage in the signal 

cascade leading to stomatal closure. 

Gurmani et al (2006) conducted a pot experiment in glass-house to assess the role 

of Abscisic acid (ABA), Benzyleadenine (BA) and Cycocel (CCC) on growth, yield, ion 

accumulation and proline production in three rice cultivars viz, Super Basmati, Shaheen 

Basmati (fine cultivar) and IR-6 (coarse cultivar) differing in yield. Seeds of each cultivar 

were soaked prior to sowing with ABA and BA each at 10-5 M and CCC 10-6 M for 24h. 

Salinity of 5dS/m was developed by adding NaCl salt in five equal splits daily to fifteen 

days old plants of all the cultivars. Plants were harvested two weeks after salt treatment. 

Shoot and root dry weight decreased at salinity stress as compared to control, however 

ABA, BA and CCC treatment caused a substantial increase in shoots and root dry weight 

over that of salt alone. Salt treatment increased the level of Na+ and Cl- but decreased K+ 

content in flag leaves as well as in roots of three rice cultivars. ABA and CCC treated 

plants showed significant decrease in Na+ content but increased K+ content in flag leaves 

of all the cultivars at salt stress. ABA was more effective to increase Ca2+ content in flag 

leaf as well as in roots of all the cultivars as compared with BA and CCC. The levels of 

ions (Na+, K+, Ca2+ and Cl-) were relatively higher in roots than in flag leaves, however 

higher accumulation of K+ and Ca2+ content with lower accumulation of Na+ and Cl- in 

IR-6. The ranking of growth regulators for their effects on grain yield and 1000-grain 

weights were ABA>BA>CCC. Higher grain yield and 1000-grain weight was recorded 

by IR-6. ABA and CCC treatment further augmented the stimulatory effect of salts on 

proline accumulation. Higher proline accumulation was observed in IR-6 as compared to 

Shaheen Basmati and Super Basmati. Rice cv. IR-6 performed better. The relatively low 

accumulation of Na+ and Cl- and less translocation to flag leaf of IR-6 concomitant with 
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high K+ accumulation, better proline content and greater leaf area under salt stress make 

this variety salt tolerant. These traits are arugmented by ABA more effectively than BA. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 36 
 

CHAPTER-III  

 

 

   

Introduction 

The study was conducted on spring maize under net-house and field conditions. 

The study was comprised of three experiments using a hybrid maize (Hi Sawn 9697). 

Preliminary optimization of doses for seed priming was done under laboratory conditions 

(data not shown). Later on two experiments were carried out in net-house. On the basis of 

the results from these studies, the responses of the treatments were appraised under field 

conditions. The details of these experiments are discussed below:  

A) Pot experiments 

Experiment-1: Effect of seed priming on emergence and seedling vigor of maize 

Experiment-II: Effect of foliar application of ascorbic acid, salicylic acid and   

 hydrogen peroxide on seedling vigor of maize 

B) Field experiment 

Experiment-III: Effect of sowing dates and physiological strategies on growth and  

 yield of spring sown hybrid maize  

3 DETAIL OF POT EXPERIMENTS 

A set of two experiments were carried out in net-house on hybrid maize.  

Variety: Hybrid maize (Hi Sawn 9697) was used through out the course of study. 

The detail of each experiment is discussed below:  

3.1 Experiment-I 

Title : EFFECT OF SEED PRIMING ON EMERGENCE AND SEEDLING 

VIGOR OF MAIZE  

Design  : Completely randomized design (CRD) 

Medium : Sand culture  

Optimization : Previously under laboratory conditions a series of experiments were 

conducted to optimize the priming doses of a variety of plant growth regulators, salts and 

antioxidants. On the basis of these experiments, three priming agents i.e. ascorbic acid, 
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salicylic acid and hydrogen peroxide were selected. The priming treatments and their 

doses were as under: 

3.1.1 Seed priming treatment  

P0 = Control 

P1 = Ascorbic acid (20 mg L-1) 

P2 = Ascorbic acid (40 mg L-1) 

P3 = Salicylic acid (20 mg L-1) 

P4 = Salicylic acid (40 mg L-1) 

P5 = Hydrogen Peroxide (20 mL L-1) 

P6 = Hydrogen Peroxide (40 mL L-1) 

Note: The solutions were prepared on the basis of active ingredients and purity 

percentage. 

3.1.2 Sowing of experiment 

The experiment was conducted in the net-house of Department of Crop 

Physiology, University of Agriculture, Faisalabad. Primed seeds were sown in pots 

containing thoroughly washed sand. For priming, maize seeds were soaked in respective 

aerated solutions having concentration 20 and 40 mg L-1 for 24 h at room temperature. 

Seed weight to solution volume ratio was 1:5 (w/v) (Farooq et al., 2006). After each 

treatment, seeds were rinsed with distilled water and dried back closer to original 

moisture level by spreading on laboratory benches under ceiling fan. The dried seeds 

were sealed in polythene bags and stored in a refrigerator at 5±2°C until use (Lee et al., 

1998). Untreated dry seeds were taken as control. Hoagland solution with full strength 

was used to nourish the plants (Hoagland and Arnon, 1950). The plants were harvested at 

4th leaf stage (36 days old) and evaluated for seedling vigor, biochemical and nutrient 

analysis. 

3.1.3 Meteorological Data during the Course of Study 

Meteorological data were recorded from Agricultural meteorological cell, 

Department of Crop Physiology, University of Agriculture, Faisalabad, from sowing till 

harvesting. The weekly mean of maximum/minimum temperature, relative humidity, 

rainfall, sunshine hours, pan evapotranspiration (ET0) and wind velocity started from 1st 
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March to 7th April, 2008 at latitude of 31.26ºN, longitude of 73.06ºE and altitude of 184.4 

m and are presented in the Table 3.1 below. 

Table 3.1 Meteorological data from recorded during course of study at Latitude of 

31.26˚ N, Longitude of 73.06˚E and altitude of 184.4 m  

Week  
1st  

Week 

2nd 

Week 

3rd 

week 

4th 

week 

5th 

week 

 

Air temperature (˚C) 

Maximum 16.21 17.00 24.28 23.35 29.93 

Minimum 4.50 2.93 7.29 7.71 12.21 

Relative Humidity (%) 8 A.M 43.43 32.14 39.0 34.57 43.14 

Rainfall (mm) 6.40 0.40 0.00 0.00 0.00 

Sun shine hours 4.04 7.53 8.78 7.00 8.02 

Pan evapotranspiration (mm) 1.80 2.74 3.57 3.79 3.50 

ET0 (mm) 1.49 2.36 3.06 3.23 2.53 

Wind velocity (km h-1) 6.97 7.94 4.47 7.46 5.30 

3.1.4 Observations Recorded 

The following observations on seedling emergence, growth and biochemical 

parameters were recorded during the course of study. 

3.1.4.1  Seedling vigor evaluation  

1. Final emergence percentage {FEP} (%) 

2. Mean emergence time (days) {MET} (Ellis and Roberts, 1981) 

3. Emergence Index {EI) (Coolbear et al., 1984)  

4. Time to 50 % emergence (days) {E50} (AOSA, 1983) 

5. Shoot fresh weight (g) 

6. Root fresh weight (g)  

7. Shoot dry weight (g) 

8. Root dry weight (g) 

9. Shoot length at harvest (cm) 

10. Root length at harvest (cm) 

11. Root: shoot ratio 
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3.1.4.2. Biochemical Analysis at 4th leaf stage (Hodges et al., 1995)  

  1. Chlorophyll a (Nagata and Yamashita, 1992) 

  2. Chlorophyll b (Nagata and Yamashita, 1992) 

  3. Superoxide dismutase (SOD) (Giannopolitis and Ries, 1977) 

  4. Catalase (CAT) (Chance and Maehly, 1955) 

  5. Peroxidase (POX) (Chance and Maehly, 1955) 

3.1.4.3. Nutrient Analysis of shoot and root  

1. N (Singh et al., 2005) 

2. P (Singh et al., 2005) 

  3. K (Singh et al., 2005) 

3.1.5. Procedure for Recording the Data  

Procedure to record data on various physiological and biochemical characteristics 

are given as under:  

3.1.5.1 Seedling Emergence 

Numbers of emerged seeds were counted daily according to the seedling 

evaluation Handbook of Association of Official Seed Analysts (1990). The data for the 

following observations were recorded: 

3.1.5.1.1 Final emergence percentage (%) 

Final germination percentage (FEP) was taken at the end of experiment. It 

represented the ratio, in percentage, of number of emerged seedlings to total seeds 

planted.  

100(%) 
sownseedofnumberTotal

emergedseedlingofnumberFinal
FGP  

3.1.5.1.2 Mean emergence time (Days) 

Mean emergence time (MET) was calculated according to following equation of 

Ellis and Roberts (1981): 

 


n

Dn
MET
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Where n is the number of seeds, which were emerged on day D, and D is the 

number of days counted from the beginning of emergence. 

3.1.5.1.3 Emergence index (EI)  

Emergence index (EI) was calculated as described in Association of Official Seed 

Analysis (1983) as the following formula. 

countfinalofDays

emergedseedsofNo

countfirstofDays

seedsemergedofNo ..
Index  Emergence   

3.1.5.1.4 Time taken to 50 % emergence (E50) [Days] 

The experiments were visited daily. Number of emerged seeds was recorded daily 

according to the seedling evaluation Handbook of Association of Official Seed Analysts 

(1990). Time taken to 50% emergence of seedlings (E50) was calculated according to the 

following formulae of Coolbear et al. (1984) modified by Farooq et al. (2005): 

 

Where N is the number of final emergence count and ni, nj cumulative number of 

seeds emerged at adjacent days ti and tj when ni < (N+1)/2 < nj. 

3.1.5.1.5 Shoot fresh weight (g) 

Fresh weight of five seedlings was taken immediately after final harvest for each 

replication and averaged to get mean fresh shoot weight per plant. 

3.1.5.1.6 Root fresh weight (g) 

Roots were separated from seedlings taken immediately at harvest for each 

replication and averaged to get mean fresh root weight per plant. 

3.1.5.1.7 Shoot dry weight (g)  

For shoot dry weight, seedlings were dried at 70°C till constant weight in an oven. 

3.1.5.1.8 Shoot dry weight (g)  

For dry weight, roots were dried at 70°C till constant weight in an oven. 

3.1.5.1.9 Shoot length at final harvest (cm) 
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Stem length was measured with the help of scale at the time of final harvest. Five 

plants at the time of final harvested from each pot were carefully remove from each pot, 

shoot length of every plant was measured with measuring tap and then average 

calculating to get mean shoot length per replication. 

3.1.5.1.10 Root length at final harvest (cm) 

Root length was measured with the help of scale at the time of final harvest. Five 

plants at the time of final harvested from each pot were carefully remove from each pot, 

root length of every plant was measured with measuring tap and then average calculating 

to get mean root length per replication. 

3.1.5.1.11 Root: Shoot ratio 

  Root length obtained in above parameter was divided by the shoot length to get 

the root: shoot ratio. 

3.1.5.2 BIOCMICAL ANALYSIS  

3.1.5.2.1-2  Chlorophyll contents 

  The chlorophyll a and b were determined with the method as described by Arnon 

(1949). The fresh leaves were cut into 0.5 cm segments and extracted overnight with 80 

% acetone at -10oC. The extract was centrifuged at 14000  g for 5 min and the 

absorbance of supernatant was read at 645 and 663 nm using a spectrophotometer (T60 U 

spectrophotometer PG Instruments, Limited). The chlorophyll a and b contents were 

calculated by using the following formulae (Nagata and Yamashita, 1992): 

Chlorophyll a (mg 100 mL-1) = 0.999 A663- 0.0989A645   

  Chlorophyll b (mg 100 mL-1) = -0.328 A663 + 1.77 A645   

3.1.5.2.3-5 Antioxidants enzymes extraction  

  To extract antioxidant enzymes, 0.5 g fresh leaves and 1.0 g fresh roots randomly 

sampled from seedlings in each pot were ground using a tissue grinder in 8 mL of cooled 

phosphate buffer (pH 7.0, containing 1% (w/v) polyvinylpyrrolidone) and 0.2 g quartz 

sand in test tubes that were placed in an ice bath. The homogenate was centrifuged at 

15000  g for 20 minutes at 4oC. The supernatant was used for assays of enzyme activity 

and level of lipid peroxidation. 
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3.1.5.2.3. Superoxide dismutase (SOD) 

  The SOD activity was measured by its ability to inhibit photoreduction of 

nitroblue tetrazolium (NBT) (Giannopolitis and Ries 1977). The reaction solution (3 mL) 

contained 50 µL enzyme exract, 50 µM NBT (NBT dissolved in ethanol), 1.3 µM 

riboflavin, 13 mM methionine, 75 nM EDTA and 50 mM phosphate buffer (pH 7.8). The 

reaction solutions were kept in chamber under illumination of flourescent lamps of 15 W 

for 15 minutes. The absorbance of irradiated solution at 560 nm was recorded by using 

with spectrophotometer (T60 U Spectrophotometer).  One unit of SOD activity was 

defined as the amount of enzyme that would inhibit 50% of NBT photo reduction. 

3.1.5.2.4-5 Catalase (CAT) and Peroxidase (POD) 

  Activities of Catalase (CAT) and peroxidase (POD) were measured using the 

method of Chance and Maehly (1955) with minor modifications.  The CAT reaction 

solution (3 mL) contained 50 mM phosphate buffer (pH 7.0), 15 mM H2O2 and 0.1 mL 

enzyme extract. Reaction was initiated by adding enzyme extract. Changes in absorbance 

of the reaction solution at 240 nm were read after every 20 s. One unit CAT activity was 

defined as an absorbance change of 0.01 units per minute.       

The POD reaction solution (3 mL) contained 50 mM sodium acetate buffer (pH 

5.0), 20 mM guaiacol, 40 mM H2O2 and 0.1 mL enzyme extract. Changes in absorbance 

of reaction solution at 470 nm were determined after every 20 s. One unit POD activity 

was defined as an absorbance change of 0.01 units per minutes. The activity of each 

enzyme was expressed on a protein basis. Protein concentration of extract was measured 

by Bradford (1976).  

3.1.5.3.1-6Nutrient Analysis (shoot and root)  

Di-acid Digestion 

 For digestion, 0.5 g dry grinded shoot and root material was put in 100 mL conical 

flask and 10 ml of diacid digestion mixture was added in each vial and placed it for 

ovennight. Flasks were kept on hot plate in acid proof digestion chamber with fume 

exhaust system and heated on 320oC and digestion was continued until the contents 

become colourless i.e. end of the digestion. Added a drop or two of H2O2 if needed. After 

digestion, the volume of the aliquot was maintained at 50 mL with distilled water. 
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Nitrogen Estimation 

 Total nitrogen was estimated by Kjeldhal apparatus. Following reagents were 

prepared. 

i.         40% NaOH 

ii.      4% boric acid solution 

iii. Sulphuric acid Standard (0.01 N) 

v. 0.03% bromocresol green indicator was mixed with 0.2 methyl red in 90% 

400 mL alchohol. 

vi. Dissolve 25 ml mixed indicator in 1000 mL of 4% boric acid solution. 

Procedure 

10 mL of digested sample was taken in Kjeldhal flask and placed it on the Micro-

Kjeldhal ammonium distillation unit and then 10 mL of 40% sodium hydroxide solution 

was added and immediately flask was connected to distillation apparatus. 10 mL 4% 

boric acid was taken along with mixed indicator in 100 mL conical flask. When distillate 

was approximately 40-50 mL, conical flask was removed and distillation was turned off. 

The distillate was cooled for a few minutes and titrated against 0.01N H2SO4 up to end 

point which was light pink as color of mixed indicator in 4% boric acid solution. 

Nitrogen was calculated by the formula  

 

 

  

Where, Ws = Volume of acid used to titrated the sample 

Wb = Volume of acid used to titrated the blank 

3.1.5.2 Phosphorus Contents 

3.1.5.2.1 Preparatin of Vanadate-Molybdate Barton Reagent 

The Barton/vanadate-molybdate reagent was prepared as described by Jackson 

(1962). Solution ‘A’ was prepared by dissolving 25g of ammonium molybedate in 400 

mL of warm distilled water. Separate solution ‘B’ was prepared by dissolving 1.25g of 

ammomium metavendate in 300mL of boiling water, then it was cooled and concentrated 

250 mL of HNO3 was added. Now solution ‘A’ and ‘B’ were mixed and diluted to make 

up to 1L volume.  

mpleWeightofsa

WW
N bs CF  0.014 )(

(%)
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3.1.5.2.2 Preparation of Standard P Solution   

   Prepared solution containing 100 mg P L-1 by dissolving 0.439 g of dried KH2PO4 

in water, acidifying with 25 mL of 7N H2SO4 and making the volume to 1 L. prepare a 

working standard containing 50 mg P L-1 from it.  

3.1.5.2.3 Procedure 

Phosphorus was determined by using a spectrophotometer. The digestion material 

(2 ml) was dissolved in 2 ml of Barton reagent and maintains volume upto 50 ml. The 

samples were then subjected to spectrophotometer (Spectrophotometer AnA-720 W 

Japan) and recorded the absorbance at 470 nm for P ions. Run a blank (without P) 

simultenously. Prepared standard solution of KH2PO4 (Potassium Di-Hydrophosphate) 

and formed the standard curve by plotting P-concentration on X-axis and percent 

transmission/ spectrometer readings on Y-axis. P was caculated by following formula 

100
Factorsx Dilution  x reading) bance(Absor 

(%) x
mpleWeightofsa

P   

3.1.5.3 Determination of K+ 

Potassium concentration was determined by using Flame photometer-410 

(Corning Model). A graded series of standards (10 to 40 mg L-1 of K) were prepared and 

standard curve for standard was plotted by K-concentration on X-axis and flame 

photometer on Y-axis. The O.D values of K+ from flame photometer were compared with 

standard curve and concentration of K+ element was computed. 

3.2. Experiment No. 2 

Title: EFFECT OF FOLIAR APPLICATION OF ASCORBIC ACID, SALICYLIC  

          ACID AND HYDROGEN PEROXIDE ON SEEDLING VIGOR OF MAIZE  

Design: Completely randomized design (CRD) 

Medium: Sand culture (net-house condition) 

3.2.1 Foliar applied Treatment’s Detail  

  P0 = Control 

   P1 = Ascorbic acid (20 mg L-1) 

  P2 = Ascorbic acid (40 mg L-1) 

   P3 = Salicylic acid (20 mg L-1) 

   P4 = Salicylic acid (40 mg L-1) 
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  P5 = Hydrogen peroxide (20 mL L-1) 

   P6 = Hydrogen peroxide (40 mL L-1)  

3.2.2 Sowing of experiment 

The experiment was conducted in the wire house of Department of Crop 

Physiology, University of Agriculture, Faisalabad, in completely randomized design 

(CRD) with three replications. Seeds were sown in pots containing sand. Hoagland 

solution was used to nourish the plants. Foliar application as per treatment was applied at 

3 leaf seedling stage and seedlings harvested at 4th leaf stage were subjected to 

physiological, biochemical and nutrient analysis.  

3.2.3 Observations recorded 

Same as in experiment No. 1 except emergence parameters 

FIELD EXPERIMENT 

3.3  Experiment No. 3 

Title:  EFFECT OF SOWING DATES AND PHYSIOLOGICAL STRATEGIES 

ON GROWTH AND YIELD OF SPRING MAIZE  

Design  : Field experiment was laid out into randomized completely randomized block 

design (RCBD) with split plot arrangement using three replications. 

Medium   : Field study. A non-saline sandy loam field was selected. 

3.3.1 Treatments 

A). Sowing Dates  

   D1 = 1st February (Early) 

   D2 = 22nd February (Mid) 

   D3 = 15th March (Late) 

B). Physiological Strategies  

P0 =Control 

P1 = Priming with Ascorbic acid (20 mg L-1) 

P2 = Foliar spray of Ascorbic acid (20 mg L-1) 

P3 = Priming with Salicylic Acid (20 mg L-1) 

P4 = Foliar spray of Salicylic Acid (20 mg L-1) 

P5 = Priming with Hydrogen Peroxide (20 mL L-1) 

P6 = Foliar spray with Hydrogen Peroxide (20 mL L-1) 
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3.3.2 Sowing and Experimental Design   

Field experiments were conducted at the research area, University of Agriculture, 

Faisalabad. The experiment was laid out in RCBD with split plot arrangement, 

randomizing the sowing dates in main plots and physiological strategies were randomized 

in sub-plots in three replications (Fig. 3.1). Primed and non-primed control was sown and 

foliar application was applied 58 days after sowing. The net plot size was kept 3.6 m x 

8.0 m. The crop was planted in 60 cm apart rows in respective sowing dates and two 

seeds were dibbled at 15 cm apart hole. The NPK @ 200, 100 and 100 as Urea, DAP and 

Sulphate of Potash (SOP) were mixed and side drilled along with seeding rows. Half dose 

of nitrogen and full dose of phosphorus and potassium were applied at the sowing time 

while remaining nitrogen was top dressed with first irrigation. All other agronomic and 

plant protection practices were remain uniform for all treatments.  

3.3.3 Meteorological data 

Meteorological data were recorded at the Department of Crop Physiology, 

University of Agriculture, Faisalabad during 2008. The mean maximum/minimum 

temperatures, relative humidity and Sun shine hour (Table 3.1 and Fig. 3.1). 

Table 3.1 Meteorological data from 1st Feb 2008 to 31st July, 2008 at Latitude of 

31.26˚ N, Longitude of 73.06˚ E and Altitude of 184.4 m 

Month 
February 

 
March April May June July 

Temperature 

(0C) 

Maximum 20.5 30.9 33.3 38.4 38.4 37.5 

Minimum 5.7 14.5 18.8 23.9 27.4 28.3 

Average 13.1 22.7 26.0 30.8 32.9 32.9 

Temperature 

Average of 

10 years (0C) 

Maximum 20.4 28.3 36.6 39.7 40.6 38.15 

Minimum 8.2 13.9 20.2 24.4 27.9 28.45 

Average 14.3 21.1 28.4 32.0 34.3 33.27 

Relative Humidity (%) 37.3 37.8 33.6 30.6 48.0 53.0 

10 years Average of Relative 

Humidity (%) 
75 50.5 34.8 31.1 38.7 59.8 

Rainfall (mm) 6.8 0.0 16.0 75.5 41.7 81.6 

Average of 10 years Rainfall (mm) 15.9 18.8 11.6 13.2 57.2 81.85 

Sun shine hours (hours) 6.9 8.9 11.0 10.4 9.38 9.0 

ET0 (mm) 2.5 3.5 5.0 6.1 5.9 5.4 
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Fig. 3.1 Daily mean minimum, maximum and average temperature 
from 1st Feb, 2008 to 31st July, 2008 at Latitude of 31.26ºN, 
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3.3.4 Soil Characteristics  

Field experiments were carried out at University Farms, University of 

Agriculture, Faisalabad. The soil of the experimental field was analyzed for the physio-

chemical properties of soil of texture, organic matter, pH, ECe, available K, available P 

and saturation percentage at two depth of 0-15 cm and 16-30 cm depth (Table 3.2).    

Table 3.2: Physiochemical properties of soil used in the experiment 

Physiochemical properties of soil 

 

Units 

 

Value 

0-15 cm depth 
16-30 cm 

depth 

Textural classes  Loam Loam 

Organic matter % 0.964 0.358 

pH - 7.411 7.40 

ECe  (dS m-1) 0.427 0.358 

Available K  (ppm) 374.44 326.67 

Available P  (ppm) 13.93 11.718 

Saturation percentage  (%) 36.11 34.55 

 

3.3.5 Observation recorded during period of experimentation 

The following observations were recorded by using standard procedures. 

3.3.5.1 Developmental Analysis 

    1. Days to 50 % emergence 

   2. Days taken to 50% tasselling  

3. Days taken to 50% silking 

    4. Days taken to physiological maturity 

3.3.5.2. Growth Analysis 

    1. Dry weight accumulation (g m-2) 

    2. Leaf area index  

    3. Leaf area duration (days) 

   4. Crop growth rate (g m-2 d-1) 

    5. Net assimilation rate (g m-2 d-1) 
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3.3.5.3 Biochemical analysis of ear leaf at tasselling stage for following parameters 

   1. Chlorophyll a 

   2. Chlorophyll b  

3. Superoxide dismutase  

   4. Catalase 

   5. Peroxidase 

3.3.5.4 Yield and Yield Components 

1. Number of plants per unit area 

2. Number of cobs per plant 

3. Number of grains per cob 

4. Number of rows of grain per cob 

5. 100-Grain weight (g)  

6. Stover yield (t ha-1) 

7. Grain yield (t ha-1) 

8. Biological yield (t ha-1) 

9. Harvest index (%) 

3.3.5.5 Nutrient Analysis (stover) 

    1. N (%) 

    2. P (%) 

    3. K (%) 

3.3.5.6. Grain Quality Analysis  

   1. Grain protein contents (%) 

   2. Grain oil contents (%) 

3.3.6 Procedures used for the Collection of data: 

3.3.6.1 Developmental Analysis 

3.3.6.1.1 Days to taken to 50% emergence  

Ten holes were selected and  tagged in each plot /experimental unit and then 

counting started from start of emergence  every day up to the emergence of 5 (five) 

plants.  
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3.3.6.1.2 Days to taken to 50% tasselling 

Days to 50 % tasseelling was recorded by regularly visiting, five tagged plants 

were also used for the determination of time of tasselling. Tasselling was recorded when 

anther sacks were extruded on 25 to 50% of the tassel on 50% of the tagged plants.  

3.3.6.1.3 Days taken to 50 % silking 

  Already ten plants were tagged in each plot /experimental unit and then counting 

started from start of silking every day up to the silking of 5 (five) plants. Silking was 

recorded when silks were extruded, and remained green (red-green on Barker), on 50% of 

plants. 

3.3.6.1.4 Days taken to physiological maturity 

Physiological maturity (PM) was determined by regularly sampling two cobs per 

sub-plot to assess the presence of black layers at the base of the grain, indicating that no 

further accumulation of grain mass was possible (Daynard and Duncan 1969). Grains 

were removed from the base, middle and distal end of each of the cobs. PM was recorded 

when at least 80% of the grains in each sub-plot had black layers. 

3.3.6.2  Growth analysis  

Dry matter accumulation, leaf area index,  leaf area duration, crop growth rate, net 

assimilation rate and relative water contents started from 30 days after sowing and every 

at 15 days interval up to 90 days after sowing. 

3.3.6.2.1 Dry matter accumulation (g m-2) 

Plants were washed with distilled water and recorded fresh weights of plant 

contents started from 30 days after sowing and every at 15 days interval up to 90 days 

after sowing. Then they were oven-dried at 65 oC for one week and recorded their dry 

weights separately. Converted into dry matter accumulation per square meter.  

3.3.6.2.3  Leaf area index  

Leaf area index was contents started from 30 days after sowing and every at 15 

days interval up to 90 days after sowing, Leaf area per plant was determined following 

Carleton and Foote (1965). 

75.0..  LeafWidthMaxLeafLenghtMaxLeafarea  

    (0.75 = Correction factor) 
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The leaf area was multiplied by total number of leaves to calculate leaf area per 

plant. Then converted into leaf area of leaf area per plant and leaf area index was 

calculated with the following formula  

 areaGround

 area Leaf
LAI  

3.3.6.2.3 Crop Growth Rate (g m-2 d-1) (Reddy, 2004) 

Crop growth rate was calculated fortnightly by using formula given below 

(Reddy, 2004). 

 

  Where W2 and W1 are the dry weight per plant at t2 and t1 respectively. 

3.3.6.2.4 Leaf area duration (days)  

Leaf area duration was calculated on the basis every fortnight data  by following  

formula (Reddy, 2004).   

2

)()( 1212 ttLAILA
LAD


  

  Where LAI2 and LAI1 are leaf area index at time t2 and t1 respectively 

3.3.6.2.5 Net assimilation rate (g m-2 d-1) (Reddy, 2004) 

Net assimilation rate was determined fortnightly by using following formula 

(Reddy, 2004). 

LAD
12 WW

NAR


  

Where W2 and W1 are the dry weight per plant at t2 and t1 respectively. 

3.3.6.3. Biochemical Analysis (Ear leaves) 

   Same as in Experiment No. 1 

3.3.6.4  Yield and yield components 

3.3.6.4.1 Number of plants per square meter 

  Numbers of plants were counted per square meter at the time of final harvest at 

three points in each plot and then average was calculated to get number of plot per square 

meter.  

12

12

tt

WW
CGR








 52 
 

3.3.6.4.2 Number of cobs per plant 

Number of cobs per plant was determined by number of cobs counted five 

randomly selected plants from each experimental unit then average was calculated to get 

Number of cobs per plant 

3.3.6.4.3 Number of grains per cob 

  Numbers of grains of ten cobs randomly selected from each sub-plot 

/experimental unit were counted and average was calculated to achieve number of rows 

per cob. 

3.3.6.4.4 Number of grain’s rows per cob 

Numbers of rows of ten cobs randomly selected from each sub-plot /experimental 

unit were counted and average was calculated to achieve number of rows per cob. 

3.3.6.4.5 100-grain weight (g) 

Randomly 100 grains from the each experimental unit were counted and their 

weighed on electric balance to get 100-grain weight in gram. 

3.3.6.4.6 Stover yield (t ha-1) 

Grain yield was subtracted from the biological yield to get stover yield. 

3.3.6.4.7 Grain yield (t ha-1) 

Randomly 10 plants were selected from the each experimental unit were selected 

from each experimental unit, and then these sun dried plant, threshed these plants. Grains 

were separated from straw then these grains weighed on electric balance to get grain yield 

of ten plants and converted into tones per hectare. 

3.3.6.4.8 Biological yield (t ha-1) 

Randomly 10 plants were harvested at maturity, tied into small bundles and left in 

the respective plots for sun drying. After sun drying these bundles were weighed on 

spring balance to determined biological yield of ten plants. The biomass of 10 plants was 

converted into t ha-1. 

3.3.6.4.9 Harvest index (%) 

Harvest index was calculating from the following formula (Hunt, 1978). 

 

100
yield Biological

yieldGrain 
HI  
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3.3.6.5.1-3 Nutrient Analysis (N, P and K in stover) 

  Same as in Experiment No. 1 

3.3.6.6  Grain Quality Analysis 

3.3.6.6.1 Crude grain protein contents (%) 

  For protein contents, 500 seeds from each plot were taken and were ground. The 

digestion was done by Gunning and Hibhards Mehods of H2SO4 and distillation was 

made with Microjeldhal Apparatus (Jackson, 1962) to determine nitrogen contents in 

seeds. Thereafter protein contents in seed were calculated by multiplying total nitrogen in 

the seed with constant factor 5.71 (Peter and Young, 1980).   

3.3.6.6.2 Crude grain oil contents (%) 

  Dried seeds (100 g) of each experimental unit were crushed and fed to Soxhlet 

extractor fitted with one liter round bottom flask and a condenser. The extraction was 

executed with 0.5 L of n-hexane on water bath for 6-7 h. The solvent was distilled off 

under vacuum in a rotatory evaporator and percentage of oil was recorded. 

3.3.6.7  Statistical Analysis 

  The data collected were analyzed statistically using Fisher’s analysis of variances 

technique and treatment means showing F-values significant were compared by using 

least significance difference (LSD) test at 0.05 probability level (Steel and Torrie, 1984). 
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Fig. 3.2: Lay out plan of field study (Experiment III) 
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Design    : RCDB design with split plot arrangement. 

Replication   : 3 

Gross Plot size : 4.5x 8 m 

Net Plot size   : 4.5x 7 m 

Sowing Dates (Main plot)   Physiological Strategies (Sub-plot) 

D1 = 1st February (Early)  P0 =Control 

D2 = 22nd February (Mid)  P1 = Priming with ascorbic acid (20 mg L-1) 

D3 = 15th March (Late)  P2 = Foliar spray of ascorbic acid (20 mg L-1) 

    P3 = Priming with salicylic acid (20 mg L-1) 

P4 = Foliar spray of salicylic acid (20 mg L-1) 

P5 = Priming with hydrogen peroxide (20 mL L-1) 

P6 = Foliar spray with hydrogen peroxide (20 mL L-1) 

 

 
 



 55 
 

CHAPTER-IV 
 

 
 
4.1   Experiment-I Effect of seed priming on emergence and seedling 

vigor of maize  
 

In present investigation, an attempt was made to observe the effect of different 

seed priming strategies i.e. ascorbic acid (AsA), salicylic acid (SA) and hydrogen 

peroxide (H2O2) each at 20 and 40 mg L-1 respectively on emergence and seedling vigor 

of maize. The experiment was conducted under net house conditions in department of 

Crop Physiology, University of Agriculture, Faisalabad. The minimum and maximum 

temperature with mean temperature for each seven days collected during the 

experimental period is presented in Appendix 4.1.  

4.1.1 Results  

4.1.1.1 Final emergence percentage 

It is an important seed vigor evaluation parameter which helps to achieve target 

population. Data presented in the table (4.1.1.1) showed that the final emergence 

percentage (FEP) are significantly affected with seed priming. All seed priming strategies 

improved the FEP except non-primed control. Maximum and similar final emergence of 

85.360 and 85.260 % were obtained from seeds primed with H2O2-20 and SA-40 with no 

significant difference from H2O2-40, AsA-20, AsA-40 and SA-20 with FEP of 85.070, 

84.770, 84.720 and 84.530% respectively. Nonthless, minimum values for FEP (74.480 

%) were observed in control where no presoaking seed treatment was applied.  

4.1.1.2 Emergence index (EI) 

Emergence index (EI) is a good indicator of seed vigor which indicates the power 

of emergence. Data regarding EI indicated that different priming strategies significantly 

influenced the EI (Table 4.1.1.2). Statistically, all the priming treatments behaved similar 

with each other for EI as compared to non-primed control with minimum EI. However, 

maximum values (19.530) of EI were found for H2O2-20 followed by H2O2-40 and SA-20 

with values of 19.480 and 19.470 respectively. While non-primed seeds had EI (15.680) 

less than all other priming treatments 
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Table 4.1.1.1 Final emergence percentage (%) of maize as influenced by different            
seed priming strategies 

 
   

Seed Priming Mean 

Control 74.480 c 

AsA-20   = Ascorbic acid  (20 mg L-1 ) 84.770 ab 

AsA-40   = Ascorbic acid  (40 mg L-1 ) 84.720 ab 

SA-20     = Salicylic  acid (20 mg L-1 ) 84.530 b 

SA-40    = Salicylic  acid (40 mg L-1 ) 85.260 a 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 85.360 a 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 85.070 ab 

LSD 1.573 

Figures sharing same letter did not differ significantly at 0.05 level of probability.  
 
 
Table 4.1.1.2 Emergence index (EI) of maize as influenced by different seed priming 

strategies 
 

   

Seed Priming Mean 

Control 15.680 b 

AsA-20   = Ascorbic acid  (20 mg L-1 ) 19.060 a 

AsA-40   = Ascorbic acid  (40 mg L-1 ) 19.350 a 

SA-20     = Salicylic  acid (20 mg L-1 ) 19.470 a 

SA-40    = Salicylic  acid (40 mg L-1 ) 19.400 a 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 19.530 a 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 19.480 a 

LSD 1.441 

Figures sharing same letter did not differ significantly at 0.05 level of probability.  
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Table 4.1.1.3 Mean emergence time (MET) of maize as influenced by different seed 
priming strategies 

   
 

Seed Priming Mean 

Control 2.870 a 

AsA-20   = Ascorbic acid  (20 mg L-1 ) 2.190 b 

AsA-40   = Ascorbic acid  (40 mg L-1 ) 2.240 b 

SA-20     = Salicylic  acid (20 mg L-1 ) 2.210 b 

SA-40    = Salicylic  acid (40 mg L-1 ) 2.280 b 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 2.180 b 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 2.260 b 

LSD 0.275 

Figures sharing same letter did not differ significantly at 0.05 level of probability.  
 
 
Table 4.1.1.4 Time taken to 50 % emergence (E50) of maize as influenced by 

different seed priming strategies 
 
   

Seed Priming Mean 

Control 2.680 a 

AsA-20   = Ascorbic acid  (20 mg L-1 ) 1.160 b 

AsA-40   = Ascorbic acid  (40 mg L-1 ) 1.220 b 

SA-20     = Salicylic  acid (20 mg L-1 ) 1.170 b 

SA-40    = Salicylic  acid (40 mg L-1 ) 1.190 b 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 1.160 b 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 1.210 b 

LSD 0.094 

Figures sharing same letter did not differ significantly at 0.05 level of probability.  
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4.1.1.3 Mean emergence time (MET) 

Mean emergence time (MET) is an index of uniform, synchronized emergence 

and seedling vigor. Lower values of MET depicts high vigorous seedling growth. The 

comparison of treatment mans (Table 4.1.1.3) shows that all priming treatment resulted 

into lower MET than control. Response of all priming strategies in reducing MET was 

similar. But minimum MET (2.180 d) was recorded when seeds were primed with H2O2-

20 mL L-1 with no difference among each other while statiscally higher values of MET 

(2.870) for non-primed seeds. 

4.1.1.4 Time to 50 % emergence (E50)  

Time to 50 % emergence (E50) determines uniformity and vigor of emergence 

because seeds which take less time to complete 50% emergence, are considered healthy 

which in turn results into better crop stand establishment. The different seed priming 

strategies considerably reduced (Table 4.1.1.4) E50 of seedlings. The comparison of 

treatment means reveals that all priming treatments resulted in lower E50 compared with 

control with higher values for E50 (2.680). 

4.1.1.5 Shoot fresh weight (g) 

Vigorous seedlings produce healthier shoots. A perusal of data on shoot fresh 

weight (SFW) indicates that all the seed priming techniques employed significantly 

improved the shoot fresh weight (Table 4.1.1.5) as compared to dry seeded control. All 

the priming treatments behaved similar to each other. However, maximum SFW (68.090 

g) was produced from seeds primed with H2O2-40 followed by all other priming 

treatments with similar SFW. While minimum SFW (52.650 g) was achieved in control 

without any priming.   

4.1.1.6 Root fresh weight (g) 

Vigorous seedlings bear healthier and penetrating roots. All the priming 

treatments improved the root fresh weight (RFW) as compared to non-primed control 

(Table 4.1.1.6). There was no remarkable difference among priming treatments for root 

fresh weight and minimum was observed for control. 

4.1.1.7 Shoot dry weight (g) 

Vigorous seedlings give healthier shoots higher in dry matter accumulation. Data 

presented indicates that shoot dry weight (SDW) was influenced significantly by various 
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seed priming tools (Table 4.1.1.7). Priming treatments produced higher SDW than un-

primed; however, difference among priming treatments was similar as compared to each 

other.  

4.1.1.8 Root dry weight (g) 

Analysis of variance (Table 4.1.1.8) shows that root dry weight (RDW) remain 

unaffected by seed priming and all the priming treatments behaved similar to non-

priming control., 

4.1.1.9 Shoot length (cm) 

The seedling having longer shoots are considered more vigorous. It is evident 

from comparison means (Table 4.1.2.5) that all priming strategies improved shoot length 

(SL). The longer and statistically similar SL of 58.520 and 58.530 cm was produced in 

seeds primed with H2O2-40 and AsA-40 than other priming treaments with similar shoot 

length but more than control.  

4.1.1.10 Root length (cm) 

 Seedlings producing healthier and deeper root are considered to be more 

vigorous. The comparison of different priming techniques (Table 4.1.2.6) indicates that 

all priming strategies improved root length in maize except SA-20 with similar root 

lenght. This increase in root length was in order of H2O2-20> H2O2-40> AsA-40> SA-

40> AsA-20. 

4.1.1.11 Root shoot ratio   

The data regarding root shoot ratio (Table 4.1.1.11) reveal that there was no 

significant difference among priming treatments for root: shoot ratio in maize than 

control with highest ratio of 0.395 and all the priming strategies ended with similar ratio. 

4.1.1.12 Chl a (mg 100 mL-1) 

Plant photosynthetic efficiency depends on pigments like Chl ‘a’ and ‘b’ involved 

in photosynthesis. All priming strategies improved leaf Chl a contents (Table 4.1.1.12).  

Maximum Chl ‘a’ contents (2.680 mg 100 mL-1) were observed from seeds primed with 

SA-20 which was statistically at par with pre-soaked seeds with AsA-20, SA-40, H2O2-

40, AsA-40 and H2O2-20. However, minimum Chl a contents (2.350 100 mL-1) were 

noted for control. 
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Table 4.1.1.5 Shoot fresh weight (g) of maize as influenced by different seed 
priming strategies 

 
   

Seed Priming Mean 

Control 52.650 b 

AsA-20   = Ascorbic acid  (20 mg L-1 ) 67.230 a 

AsA-40   = Ascorbic acid  (40 mg L-1 ) 67.770 a 

SA-20     = Salicylic  acid (20 mg L-1 ) 67.310 a 

SA-40    = Salicylic  acid (40 mg L-1 ) 67.340 a 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 67.420 a 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 68.110 a 

LSD 0.514  

Figures sharing same letter did not differ significantly at 0.05 level of probability.  
 
 
 Table 4.1.1.6 Root fresh weight (g) of maize as influenced by different priming 

strategies 
 
 

Seed Priming Mean 

Control 6.380 b 

AsA-20   = Ascorbic acid  (20 mg L-1 ) 7.780 a 

AsA-40   = Ascorbic acid  (40 mg L-1 ) 7.950 a 

SA-20     = Salicylic  acid (20 mg L-1 ) 7.730 a 

SA-40    = Salicylic  acid (40 mg L-1 ) 7.960 a 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 7.610 a 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 7.590 a 

LSD 0.236 

Figures sharing same letter did not differ significantly at 0.05 level of probability.  
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Table 4.1.1.7 Shoot dry weight (g) of maize as influenced by different priming 
strategies 

 
 

Seed Priming Mean 

Control 7.940 b 

AsA-20   = Ascorbic acid  (20 mg L-1 ) 9.710 a 

AsA-40   = Ascorbic acid  (40 mg L-1 ) 9.860 a 

SA-20     = Salicylic  acid (20 mg L-1 ) 9.470 a 

SA-40    = Salicylic  acid (40 mg L-1 ) 9.590 a 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 9.470 a 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 9.540 a 

LSD 0.236 

  
 Figures sharing same letter did not differ significantly at 0.05 level of probability.  
 
  
  
Table 4.1.1.8 Root dry weight (g) of maize as influenced by different priming 

strategies 
  
 

Seed Priming Mean 

Control 0.980  

AsA-20   = Ascorbic acid  (20 mg L-1 ) 1.050  

AsA-40   = Ascorbic acid  (40 mg L-1 ) 1.080  

SA-20     = Salicylic  acid (20 mg L-1 ) 1.010  

SA-40    = Salicylic  acid (40 mg L-1 ) 1.090  

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 1.060  

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 1.050  

LSD 0.086 

 Figures sharing same letter did not differ significantly at 0.05 level of probability.  
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Table 4.1.1.9 Shoot length (cm) of maize as influenced by different priming 
strategies 

  
 

Seed Priming Mean 

Control 45.720 d 

AsA-20   = Ascorbic acid  (20 mg L-1 ) 54.820 bc 

AsA-40   = Ascorbic acid  (40 mg L-1 ) 58.340 a 

SA-20     = Salicylic  acid (20 mg L-1 ) 52.940  c 

SA-40    = Salicylic  acid (40 mg L-1 ) 54.540 bc 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 54.360 b 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 58.530 a 

LSD 5.277 

 Figures sharing same letter did not differ significantly at 0.05 level of probability.  
 
 
Table 4.1.1.10 Root length (cm) of maize as influenced by different priming    

strategies 
 
 

  

Seed Priming Mean 

Control 18.080 b 

AsA-20   = Ascorbic acid  (20 mg L-1 ) 19.470 a 

AsA-40   = Ascorbic acid  (40 mg L-1 ) 19.580 a 

SA-20     = Salicylic  acid (20 mg L-1 ) 17.720 b 

SA-40    = Salicylic  acid (40 mg L-1 ) 19.510 a 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 20.070 a 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 19.830 a 

LSD 0.558 

 Figures sharing same letter did not differ significantly at 0.05 level of probability.  
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Table 4.1.1.11 Root: shoot ratio of maize as influenced by different priming 
strategies 

 

Seed Priming  Mean 

Control 0.395 a 

AsA-20 = Ascorbic acid  (20 mg L-1 ) 0.355 b 

AsA-40 = Ascorbic acid  (40 mg L-1 ) 0.336 b 

SA-20 = Salicylic  acid (20 mg L-1 ) 0.335 b 

SA-40 = Salicylic  acid (40 mg L-1 ) 0.358 b 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 0.369 b 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 0.339 b 

LSD 0.022 

Figures sharing same letter did not differ significantly at 0.05 level of probability.  
 
 
Table 4.1.1.12 Chl a (mg 100 mL-1) of maize as influenced by different seed priming 

strategies 
  
 

Seed Priming Mean 

Control 2.350 b 

AsA-20 = Ascorbic acid  (20 mg L-1 ) 2.670 a 

AsA-40 = Ascorbic acid  (40 mg L-1 ) 2.650 a 

SA-20 = Salicylic  acid (20 mg L-1 ) 2.680 a 

SA-40 = Salicylic  acid (40 mg L-1 ) 2.670 a 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 2.640 a 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 2.660 a 

LSD 0.104 

Figures sharing same letter did not differ significantly at 0.05 level of probability.  
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4.1.1.13 Chl b (mg 100 mL-1) 

Data depicts that all the priming treatments improved Chl b contents (Table 

4.1.1.13) except non-primed control with minimum Chl b contents of 0.930 mg per 100 

mL. Nonthless, there was no difference among priming treatments for this trait.  

4.1.1.14 Superoxide dismutase (unit mg-1 Protein) 

Superoxide dismutase (SOD) is most effective enzyme in preventing cellular 

damage by converting superoxide to H2O2. Results show that SOD activity was increased 

by priming treatments (Table 4.1.1.14) with similar among each other, but lowest SOD 

activity was observed for control.  

4.1.1.15 Catalase (unit mg-1 Protein) 

Catalase (CAT) is plays an important role to convert H2O2 into water. Improved 

CAT activity was observed in maize seedlings in response to priming (Table 4.1.1.15). 

All the priming treatments behaved similar for this CAT activity while being minimum 

for non-primed control. 

4.1.1.16 Peroxidase (unit mg-1 Protein) 

Peroxidase (POD) activity play important role in preventing H2O2 to reach injury 

level. Primed seeds with different organic compounds bear higher POD activity than non-

primed (Table 4.1.1.16). All other priming tools behaved similar with each other for 

inducing POD activity as compared to with minimum activity.  

4.1.1.17 Shoot nitrogen contents (%) 

Shoot nitrogen contents indicate nitrogen uptake efficiency. Priming with AsA, 

SA and H2O2 improved shoot N contents in maize (Table 4.1.1.17). Maximum shoot N 

contents (1.053 %) were observed from seeds primed with SA-40 with no difference with 

other priming treatments as compared to control with minimum contents. 
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Table 4.1.1.13 Chl b (mg 100 mL-1) of maize as influenced by different seed priming 
strategies 

 
  

Seed Priming Mean 

Control 0.930 b 

AsA-20 = Ascorbic acid  (20 mg L-1 ) 1.030 a 

AsA-40 = Ascorbic acid  (40 mg L-1 ) 1.040 a 

SA-20 = Salicylic  acid (20 mg L-1 ) 1.050 a 

SA-40 = Salicylic  acid (40 mg L-1 ) 1.050 a 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 1.060 a 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 1.050 a 

LSD 0.073 

Figures sharing same letter did not differ significantly at 0.05 level of probability.  
 
Table 4.1.1.14 Super oxide dismutase (unit mg-1 protein) of maize as influenced by 

seed different priming strategies 
 

  

Seed Priming Mean 

Control 12.890 b 

AsA-20 = Ascorbic acid  (20 mg L-1 ) 15.240 a 

AsA-40 = Ascorbic acid  (40 mg L-1 ) 15.370 a 

SA-20 = Salicylic  acid (20 mg L-1 ) 15.250 a 

SA-40 = Salicylic  acid (40 mg L-1 ) 15.260 a 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 15.290 a 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 15.270 a 

LSD 1.171 

Figures sharing same letter did not differ significantly at 0.05 level of probability. 
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Table 4.1.1.15 Catalase (unit mg-1 protein) of maize as influenced by different seed 
priming strategies 

 
 

Seed Priming Mean 

Control 15.840 b 

AsA-20 = Ascorbic acid  (20 mg L-1 ) 19.280 a 

AsA-40 = Ascorbic acid  (40 mg L-1 ) 19.300 a 

SA-20 = Salicylic  acid (20 mg L-1 ) 19.200 a 

SA-40 = Salicylic  acid (40 mg L-1 ) 19.240 a 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 19.200 a 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 19.260 a 

LSD 0.843 

 Figures sharing same letter did not differ significantly at 0.05 level of probability.  
  
 
  
Table 4.1.1.16 Peroxidase (unit mg-1 protein) of maize as influenced by different  

seed  priming strategies 
 

 

Seed Priming Mean 

Control 4.390 c 

AsA-20 = Ascorbic acid  (20 mg L-1 ) 5.650 b 

AsA-40 = Ascorbic acid  (40 mg L-1 ) 5.730 ab 

SA-20 = Salicylic  acid (20 mg L-1 ) 5.670 b 

SA-40 = Salicylic  acid (40 mg L-1 ) 5.660 b 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 5.690 b 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 5.930 a 

LSD 0.229 

Figures sharing same letter did not differ significantly at 0.05 level of probability. 
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4.1.1.18 Root nitrogen contents (%) 

Root nitrogen contents depict the nitrogen absorption efficiency. Seed priming 

treatments significantly improved the root N contents (Table 4.1.1.18). The maximum 

and statistically similar N contents of 0.945, 0.939, 0.933, 0.931, 0.923 and 0.922 were 

observed when maize seeds were primed with H2O2-40, SA-40, H2O2-20, AsA-20, AsA-

20 and SA-40, respectively while minimum of root N (0.835 %)  content was observed in 

control.  

4.1.1.19 Shoot phosphorus contents (%) 

Higher shoot phosphorus contents indicates seedling vigor. Priming increased 

shoot P content (Table 4.1.1.19). However, statistically all the priming treatments behave 

similar with each other for shoot P contents as compared to non-primed control with 

minimum shoot P content.  

4.1.1.20 Root phosphorus contents (%) 

Table 4.1.1.20 indicates that different pre-soaking seed treatments increased root 

P content. Comparison of treatment means shows that there was no similar difference 

among priming treatments for root P contents being minimum for control. However, 

maximum root P content of 1.597 (%) was observed when maize seeds were pre-soaked 

with AsA-40 with no significant difference among priming treatments except control. 

4.1.1.21 Shoot potassium contents (%) 

Priming considerably increased shoot K contents in maize (Table 4.1.1.21) but 

with no difference among seed priming treatments except non-primed control with 

minimum shoot K content.  

4.1.1.22 Root potassium contents (%) 

Table 4.1.1.22 represents that different priming strategies significantly increased 

root potassium content and all the priming strategies behaved similar with each other. 

While, minimum of 0.868 (%) of root K content was observed in control.  

 
 
 
 
 
 



 68 
 

Table 4.1.1.17 Shoot nitrogen contents (%) of maize as influenced by different seed 
priming strategies 

 
  

Seed Priming Mean 

Control 0.944 c 

AsA-20 = Ascorbic acid  (20 mg L-1 ) 1.039 b 

AsA-40 = Ascorbic acid  (40 mg L-1 ) 1.049 ab 

SA-20 = Salicylic  acid (20 mg L-1 ) 1.055 ab 

SA-40 = Salicylic  acid (40 mg L-1 ) 1,053 a 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 1.052 ab 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 1.051 ab 

LSD 0.132 

 Figures sharing same letter did not differ significantly at 0.05 level of probability.  
 
 
Table 4.1.1.18 Root nitrogen contents (%) as of maize as influenced by different seed 

priming strategies 
 
  

Seed Priming Mean 

Control 0.835 c 

AsA-20 = Ascorbic acid  (20 mg L-1 ) 0.931 ab 

AsA-40 = Ascorbic acid  (40 mg L-1 ) 0.923 b 

SA-20 = Salicylic  acid (20 mg L-1 ) 0.922 b 

SA-40 = Salicylic  acid (40 mg L-1 ) 0.939 ab 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 0.933 ab 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 0.945 a 

LSD 0.247 

 Figures sharing same letter did not differ significantly at 0.05 level of probability.  
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Table 4.1.1.19 Shoot phosphorus contents (%) of maize as influenced by different 
seed priming strategies 

 
 

Seed Priming Mean 

Control 1.433 c 

AsA-20 = Ascorbic acid  (20 mg L-1 ) 1.762 ab 

AsA-40 = Ascorbic acid  (40 mg L-1 ) 1.786 a 

SA-20 = Salicylic  acid (20 mg L-1 ) 1.680 b 

SA-40 = Salicylic  acid (40 mg L-1 ) 1.827 ab 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 1.731 ab 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 1.766 ab 

LSD 1.224 

Figures sharing same letter did not differ significantly at 0.05 level of probability.  
  
   

Table 4.1.1.20 Root phosphorus contents (%) of maize as influenced by different seed 
priming strategies 

 
  

Seed Priming Mean 

Control 1.315 b 

AsA-20 = Ascorbic acid  (20 mg L-1 ) 1.592 a 

AsA-40 = Ascorbic acid  (40 mg L-1 ) 1.597 a 

SA-20 = Salicylic  acid (20 mg L-1 ) 1.566 a 

SA-40 = Salicylic  acid (40 mg L-1 ) 1.575 a 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 1.566 a 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 1.552 a 

LSD 0.663 

  Figures sharing same letter did not differ significantly at 0.05 level of probability.  
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Table 4.1.1.21 Shoot potassium contents (%) of maize as influenced by different seed 
priming strategies 

 
 

Seed Priming Mean 

Control 1.167 b 

AsA-20 = Ascorbic acid  (20 mg L-1 ) 1.257 a 

AsA-40 = Ascorbic acid  (40 mg L-1 ) 1.253 a 

SA-20 = Salicylic  acid (20 mg L-1 ) 1.257 a 

SA-40 = Salicylic  acid (40 mg L-1 ) 1.243 a 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 1.257 a 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 1.260 a 

LSD 0.223 

Figures sharing same letter did not differ significantly at 0.05 level of probability.  
 
 
Table 4.1.1.22 Root potassium contents (%) of maize as influenced by different seed 

priming strategies 
 

 
  

Seed Priming Mean 

Control 0.868 c 

AsA-20 = Ascorbic acid  (20 mg L-1 ) 0.963 ab 

AsA-40 = Ascorbic acid  (40 mg L-1 ) 0.980 a 

SA-20 = Salicylic  acid (20 mg L-1 ) 0.978 ab 

SA-40 = Salicylic  acid (40 mg L-1 ) 0.948 b 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 0.959 ab 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 0.959 ab 

LSD 0.213 

Figures sharing same letter did not differ significantly at 0.05 level of probability. 
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Table 4.1.2.1 Relationship of among different attributes of maize   

Independent 

variable 

 

Dependent 

variable 

 

Correlation 

coefficient 

(r) 

Co-efficient of 

determination 

(R2) 

Regression 

model 

Mean emergence 

time 
Seedling dry weight -0.84823 -5.4797 Y = 4.4214x 

Root dry weight Root N 0.337 -1.645 Y = 8.7481x 

Root dry weight Root P 0.238 -0.1626 Y = 14.665x 

Root dry weight Root K 0.449 -2.1116 Y = 9.0614x 

4.1.2.1Correlation 
  A significant (p< 0.05) negative regression co-efficient relationship (r = -0.848, n 

= 21) existed between mean emergence time and seedling dry weight in maize.  

  A significant (p< 0.05) positive regression co-efficient relationship (r = 0.337, n = 

21) existed between root dry weight and root nitrogen contents in maize.  

  A significant (p< 0.05) positive regression co-efficient relationship (r = 0.449, n = 

21) existed between root dry weight and root phosphorus contents in maize.  

  A significant (p< 0.05) positive regression co-efficient relationship (r = 0.238, n = 

21) existed between root dry weight and root potassium contents in maize.   

4.1.3  Discussion 
 
Maize, being a tropical and chilling-sensitive crop (Farooq et al., 2009b), low 

temperature during germination and early development can be detrimental to 

subsequent crop stand establishment (Stewart et al., 1990). Chilling stress severly 

impairs the emergence and early seedling growth in maize. It is evident from present 

study that priming with H2O2, salicylic acid and ascorbate improved the speed of 

emergence as indicated by lower E50 and MET in primed seeds than non-primed control 

(Tables 4.1.1.3 to 4.1.1.4). Invigorated seeds had higher vigor levels (Ruan et al., 2002), 

which resulted in earlier intiation of emergence as Hampton and Tekrony (1995) reported 

that vigorous seeds performed better than non-vigourous ones and vice versa. Arif et al. 

(2008) concluded that priming hastens the emergence in soybean. Early emergence in 

primed seeds may be due to faster production of germination metabolites (Saha et al., 

1990; Basra et al., 2005). These results are supported by earlier investigations with 
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improved seedling emergence in seeds primed with H2O2 (Wahid et al., 2007b; 

Dolatabadian and Modarressanavy, 2008), ascorbic acid (Al-Hakimi and Hamada, 2001; 

Farooq, 2005; Dolatabadian and Modarressanavy, 2008) and salicylic acid (Janda et al., 

1994; Farooq et al., 2007; Farooq et al., 2008c). This also confirms the findings of 

Farooq et al. (2008c) and Janda et al. (1994) in which they found improved emergence 

and vigorous seedling growth in SA primed seeds induced chlling tolerance in maize at 

suboptimal temperature. 

Seed priming with H2O2, SA and AsA resulted in seedling vigor enhancement as 

indicated by higher EI and FEP in hybrid maize in the present study. Improved seedling 

vigor and final emergence might be contributed due to activation of hydrolytic enzymes 

and enhanced low temperature tolerance due to activation of antioxidant enzymes of 

hybrid maize subjected to seed priming. Dolatabadian and Modarresanavy (2008) also 

found improved FEP in safflower seeds primed with H2O2 and ascorbic acid in rape seed 

while salicylic acid in maize may be due to enhanced pre-emergence metabolic activities 

during priming which resulted in triggered emergence (Shakirova et al., 2003; Basra et 

al., 2005). Priming induces a range of biochemical changes in the seed which initiate the 

pre-germination process i.e., hydrolysis or metabolism of inhibitors, imbibition and 

enzymes activation (Ajouri et al., 2004). Hence, primed seed usually rapidly imbibe and 

revive seed metabolism, resulting in the faster germination rate and higher germination 

percentage (Rowse, 1995). While SA priming induced improved chilling tolerace in 

hybrid maize was due to activation of enzymes like SOD, CAT and APX (Farooq et al., 

2008c). Hence, seed primimig with H2O2 is the most effective strategy to improved FEP 

and EI and reduces E50 and MET (Table 4.1.1.1 to 4.1.1.4) but statistically similar with 

others. 

 Different priming strategies improved significantly shoot and root fresh weight, 

shoot dry weight, root and shoot length.  Increase in root and shoot lengths might be due 

to early emergence by primed seeds. Shoot and root lengths were increased in maize 

when its seeds subjected to priming with salicylic acid (Farooq et al., 2008c), ascorbic 

acid (Khan, 2007) and hydrogen peroxide (Wahid et al., 2007b) in which they reported 

that priming increased root and shoot fresh weight as a result of early emergence and 

seedlings establishment in primed seeds.  
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Low temperature lowers cell division and elongation (Ben-Haj-Salah and Tardieu, 

1995). Improved seedling length and seedling dry weights in the present study as a result 

of priming strategies with different organic molecules might be due to increased cell 

division and expansion. SA regulates cell growth by specifically affecting cell 

enlargement and cell division (Vanacker et al., 2001). Seed priming with SA enhaces 

shoot and root dry weight of wheat under saline conditions (Kaydan et al., 2007). 

Moreover, El-Bahay (2002) reported that salicylic acid has the potential to exert 

promotive effects on various growths of lupine seedlings through their direct interference 

with the enzymatic activities responsible for biosynthesis and catabolism of growth 

promoting.  

ROS are produced under stressful condition like chilling. Priming strategies 

increased activities of antioxidants like superoxide dismutase (SOD), catalase (CAT) and 

peroxides (POD) in maize seedlings during the present study. Priming increases the free 

radical scavenging enzymes such as SOD, CAT and POD (Chang and Sang, 1998). 

Similarly, priming with SA (Farooq et al., 2008b) and antioxidant compounds like 

ascorbic acid and hydrogen peroxide improved seedling vigor of maize (Dey and 

Mukharjee, 1988). In the present study, priming increased the activity of scavenging 

enzymes and improved the seedling vigor as indicated by increased SOD, CAT and POD 

activities in the leaves of maize seeds pre-soaked with AsA, SA and H2O2 at suboptimal 

temperature. The antioxidant enzymes are the most effective against oxidative damage 

(Halliwell and Gutteridge, 1999). Enzymes of SOD, CAT and ascorbate peroxidase 

(APX) are the most important in this regard. SOD catalyses the dismutation of *O2 to 

H2O2 and O2, while CAT and APX scavenge H2O2 (Foyer et al., 1994). Higher CAT 

activity in leaves under chilling stress suggests a more efficient scavenging system, 

which may result in better protection against ROS during stress. However, Prasad (1997) 

concluded that exposure to low temperatures causes an increase in CAT activity, which 

supports our results.  

Seed soaking in SA increased shoot and root dry weight, Chl a and  b contents in 

the salinity stressed wheat seedlings (Kaydan et al., 2007). Chilling reduced the 

chlorophyll contents in leaf. Seed priming with AsA, H2O2 and SA increased Chl a and b 

(Table 4.1.1.12 and 4.1.1.13). This reduction may be related to enhancing the activity of 
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chlorophyll degrading enzyme chlorophyllase (Mishra and Sharma, 1994). Munn-Bosch 

et al. (1999) concluded that ion accumulation in leaves specially chloride and sodium, 

affect chlorophyll biosynthesis due to its effect on the activity of Fe-containing enzymes, 

cytochrome oxidase. They further reported that stimulating effect of antioxidants on 

photosynthetic pigments may be due to stabilizing active site of enzymes (Munn-Bosch et 

al., 1999). On the other hand, antioxidants increased some ions as Mg++ that needed for 

chlorophyll synthesis (Shaddad, 1990). In addition, increased potassium content (Table 

4.1.1.21), which increase leaf photosynthetic efficiency possibly by increasing the 

number of chloroplast per cell, number of cell per leaf and consequently leaf area 

(Possingham, 1980). These results mean that, antioxidants application could be used to 

minimize the harmful effect of salinity on leaf pigments, which consequently may enable 

the plant to withstand salinity conditions. 

Chilling/ low temperature stress reduced roots growth and mineral uptake 

(Stamp et al. 1997) which have subsequently effects plant growth (Blum, 1988).  On 

other hand uptake of K and P by maize roots is strongly dependent on temperature 

(Bravo and Uribe 1981). Less developed and inefficient root systems may limit the 

uptake of essential nutrients (Steffens, 1986) and vice versa. N, P and K contents of root 

and shoot are increased with priming of ascorbic acid, salicylic acid and hydrogen 

peroxide (Table 4.1.1.16 to 4.1.1.22). Priming induces the better and deep roots might 

have enhanced the nutrient uptake. Positive correlations were observed between quantity 

of nutrient (N, P and K) in root and root weight and length (Fig. 4.1.2.1 to 4.1.2.4). 

Improved shoot N, P and K contents  may be explained by improved and well developed 

root system (Table. 4.1.1.6, 4.1.18 and 4.1.1.10), which resulted in improved nutrients 

uptake and its translocation to wards shoot parts. Therefore, in the present study the 

increased accumulation of potassium (K+) in maize seedlings is looking responsible for 

their survival under chilling stress playing important role in osmotic adjustment. These 

results also support the findings of Wahid et al. (2007b) who reported seed primed with 

H2O2 reduced relative membrane permeability (RMP) and leakage of ions like K+, Ca++, 

NO3- and PO4
3- in wheat under saline conditions. On the other hand, applied antioxidants 

increased N, K and P contents in canola under soil salt stress (Sakr and Arafa, 2009). 
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All seed priming strategies improved chilling tolerance in maize by improving 

emergence, seedling vigor, photosynthetic pigments, antioxidants and nutrient 

availability and uptake. The present study suggests that seed priming techniques with 

AsA, SA and H2O2 are effective to improve performance of maize at suboptimal 

temperature. However, seed priming with 20 mg L-1 AsA, SA and H2O2 were the best to 

induce chilling tolerance in maize while for AsA, SA and H2O2 priming with 20 mg L-1 

was the optimum concentration and are the best physiological enhancement techniques to 

enhance emergence and growth seedling by inducing the antioxidants defense system.  

 

4.2   Experiment-II: Effect of foliar application of ascorbic acid, salicylic 
acid and hydrogen peroxide on seedling vigor of 
maize  

The experiment was carried out to test the relative effectiveness of different levels 

of ascorbic acid (AsA), salicylic acid (SA) and hydrogen peroxide (H2O2) (0, 20 and 40 

mg L-1/ mL L-1) as foliar application strategy at 3rd leaf stage on maize for improving 

stress tolerance. The experiment was conducted in net house of Crop Physiology 

department, University of Agriculture, Faisalabad during 2008. The crop was harvested 

3rd week after sowing and subjected to seedling vigor evaluation. The results obtained 

being presented and discussed as below:  

4.2.1 Results 

4.2.1.1 Shoot fresh weight (g) 

Higher shoot fresh weight indicate vigor of plant. Foliar application of AsA, SA 

and H2O2 significantly also increased shoot fresh weight (SFW). Data presented in the 

table (4.2.1.1) indicates that maximum SFW (67.690 g) was produced with exogenous 

application of AsA-40 that was similar with other treatments except control in which 

minimum SFW (52.510 g) was obtained.  

4.2.1.2 Root fresh weight (g) 

Higher root fresh weight (RFW) important indicator of seedling vigor. Exogenous 

application of different organic compounds significantly increased RFW (Table 4.2.1.2) 

but they behave similar to each other being minimum for control.  
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4.2.1.3 Shoot dry weight (g) 

Table 4.2.1.3 shows that different levels of exogenously applied AsA, SA and 

H2O2 significantly increased SDW as compared to control. All the foliar treatments 

resulted in similar shoot dry weight except control with minimum of SDW (7.980g). 

4.2.1.4 Root dry weight (g) 

The data on root dry weight (RDW) shows that RDW did not varied significantly 

by exogenous application and all the treatments seedlings were harvested with similar 

root dry weight (Table 4.2.1.4). Nonthless maximum RDW (1.100 g) was recorded with 

exogenous application of SA-40 similar with all other while Minimum RDW (0.910 g) 

was observed in control. 

4.2.1.5 Shoot length  

It is evident from the data (Table 4.2.1.5) that foliar application of ascorbic acid, 

salicylic acid and hydrogen peroxide significantly increased shoot length (SL). All foliar 

stratgies resulted in similar shoot length except control treatment with smallest SL 

(45.970 cm). 

4.2.1.6 Root length  

A perusal of the data (Table 4.2.1.6) indicates that among different exogenous 

applications resulted in similar seedling root length except control which showed short 

root length of 18.030 cm.  

4.2.1.7 Root: Shoot ratio (length based)  

Table 4.2.1.7 reveals that different strategies of foliar application strategies 

reduced root: shoot ratio of maize. Treatment without any exogenous application had 

greater root shoot ratio of 0.392 with minimum for 0.333 for AsA-40 followed by all 

other treatments. 

4.2.1.8 Chl a (mg 100 mL-1) 

Different levels of foliar applications of AsA, SA and H2O2 significantly 

increased leaf Chl a (Table 4.2.1.8). Maximum Chl a contents were recorded with either 

of foliar application of H2O2-20 or 40 with all other treatments with similar contents. 

While minimum Chl a contents were attained for control.  
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4.2.1.9 Chl b (mg 100 mL-1) 
Exogenous application of H2O2-20 (table 4.2.1.9) produced maximum Chl b 

contents (1.100 mg 100 mL-1) that were statistically at par with other treatments except 

control in which minimum Chl b contents of (0.930 mg 100 mL-1) was achieved.  

4.2.1.10 Superoxide dismutase (unit mg-1 protein) 

Superoxide dismutase (SOD) is the most important enzymes that directly 

dismutase of O2
- to H2O2 in leaves under stress conditions. Although foliar application of 

AsA, SA and H2O2 enhanced SOD activity but different exogenous applications behaved 

similar to each other in enhancing the SOD activity than control with lowest activity. 

4.2.1.11 Catalase (unit mg-1 protein) 

Catalase (CAT) is the most important involved in degradation of H2O2 directly. 

Supplementation of different organic osmotica viz. AsA, SA and H2O2 at both levels 

significantly increased CAT activity (Table 4.2.1.11) but all exogenously treated plants 

exhibited similar activity. In addition, the minimum CAT activity (15.870 unit mg-1 

protein) was attained by control. 

4.2.1.12 Peroxidase (unit mg-1 protein) 

Peroxidase (POD) scavenges H2O2 through regeneration of ascorbic acid. Table 

4.2.1.12 indicates that exogenously spray of AsA, SA and H2O2 improved significantly 

POD activity in maize without any significant difference among different applications 

being minimum for control.  

4.2.1.13 Shoot nitrogen content (%)   

Foliar applications of AsA, SA and H2O2 significantly increased shoot N contents 

(Table 4.2.1.13). Maximum shoot N content (1.063 %) was observed in maize with 

exogenous application of AsA-40 or H2O2-20 followed by other treatments with control 

as minimum nitrogen content.  

4.2.1.14 Root nitrogen contents (%)   

Data pertaining root nitrogen (Table 4.2.1.14) shows that foliar application 

significantly increased root N conten other than control..However, all other strategies 

responed similarly with each other with minimum N contents observed in control.   
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Table 4.2.1.1 Shoot fresh weight (g) of maize as influenced by a foliar application 
ascorbic acid, salicylic acid and hydrogen peroxide 

                  
  

Foliar Application  Mean 

Control 52.230 b 

AsA-20 = Ascorbic acid  (20 mg L-1 ) 67.530 a 

AsA-40 = Ascorbic acid  (40 mg L-1 ) 67.350 a 

SA-20 = Salicylic  acid (20 mg L-1 ) 67.610 a 

SA-40 = Salicylic  acid (40 mg L-1 ) 67.150 a 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 67.540 a 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 67.650 a 

LSD 0.326 

Figures sharing same letter did not differ significantly at 0.05 level of probability.  
 
 
 Table 4.2.1.2 Root fresh weight (g) of maize as influenced by a foliar application 

ascorbic acid, salicylic acid and hydrogen peroxide 
 
 

Foliar Application  Mean 

Control 6.370 b 

AsA-20 = Ascorbic acid  (20 mg L-1 ) 7.690 a 

AsA-40 = Ascorbic acid  (40 mg L-1 ) 7.820 a 

SA-20 = Salicylic  acid (20 mg L-1 ) 7.600 a 

SA-40 = Salicylic  acid (40 mg L-1 ) 8.050 a 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 7.820 a 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 7.940 a 

LSD 0.157 

Figures sharing same letter did not differ significantly at 0.05 level of probability.  
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Table 4.2.1.3 Shoot dry weight (g) of maize as influenced by a foliar application 
ascorbic acid, salicylic acid and hydrogen peroxide 

 
  

Foliar Application  Mean 

Control 7.980 b 

AsA-20 = Ascorbic acid  (20 mg L-1 ) 9.570 a 

AsA-40 = Ascorbic acid  (40 mg L-1 ) 9.750 a 

SA-20 = Salicylic  acid (20 mg L-1 ) 9.460 a 

SA-40 = Salicylic  acid (40 mg L-1 ) 9.420 a 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 9.440 a 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 9.480 a 

LSD 0.379 

  
 Figures sharing same letter did not differ significantly at 0.05 level of probability.  
 
 
Table 4.2.1.4 Root dry weight (g) of maize as influenced by a foliar application 

ascorbic acid, salicylic acid and hydrogen peroxide 
  
 

Foliar Application  Mean 

Control 0.910 b 

AsA-20 = Ascorbic acid  (20 mg L-1 ) 1.050 a 

AsA-40 = Ascorbic acid  (40 mg L-1 ) 1.070 a 

SA-20 = Salicylic  acid (20 mg L-1 ) 1.060 a 

SA-40 = Salicylic  acid (40 mg L-1 ) 1.100 a 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 1.070 a 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 1.090 a 

LSD 0.074 

 Figures sharing same letter did not differ significantly at 0.05 level of probability.  
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Table 4.2.1.5 Shoot length (cm) of maize as influenced by a foliar application 
ascorbic acid, salicylic acid and hydrogen peroxide 

 
  

Foliar Application  Mean 

Control 46.000 c 

AsA-20 = Ascorbic acid  (20 mg L-1 ) 55.320 ab 

AsA-40 = Ascorbic acid  (40 mg L-1 ) 59.700 a 

SA-20 = Salicylic  acid (20 mg L-1 ) 56.330 ab 

SA-40 = Salicylic  acid (40 mg L-1 ) 57.220 ab 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 55.990 b 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 55.440 b 

LSD 4.044 

 Figures sharing same letter did not differ significantly at 0.05 level of probability.  
 
  
Table 4.2.1.6 Root length (cm) of maize as influenced by a foliar application ascorbic 

acid, salicylic acid and hydrogen peroxide 
 

  
 

Foliar Application  Mean 

Control 18.030 b 

AsA-20 = Ascorbic acid  (20 mg L-1 ) 20.230 a 

AsA-40 = Ascorbic acid  (40 mg L-1 ) 19.870 a 

SA-20 = Salicylic  acid (20 mg L-1 ) 19.870 a 

SA-40 = Salicylic  acid (40 mg L-1 ) 19.680 a 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 19.920 a 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 20.310 a 

LSD 1.641 

 Figures sharing same letter did not differ significantly at 0.05 level of probability.  
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Table 4.2.1.7 Root shoot ratio of maize as influenced by a foliar application ascorbic 
acid, salicylic acid and hydrogen peroxide 

 
  

Foliar Application  Mean 

Control 0.392 a 

AsA-20 = Ascorbic acid  (20 mg L-1 ) 0.366 ab 

AsA-40 = Ascorbic acid  (40 mg L-1 ) 0.333 c 

SA-20 = Salicylic  acid (20 mg L-1 ) 0.353 bc 

SA-40 = Salicylic  acid (40 mg L-1 ) 0.344 bc 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 0.354 bc 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 0.366 ab 

LSD 0.034 

Figures sharing same letter did not differ significantly at 0.05 level of probability.  
 
 
Table 4.2.1.8 Chl a (mg 100 mL-1) of maize as influenced by a foliar application 

ascorbic acid, salicylic acid and hydrogen peroxide 
 

 
  

Foliar Application  Mean 

Control 2.360 b 

AsA-20 = Ascorbic acid  (20 mg L-1 ) 2.690 a 

AsA-40 = Ascorbic acid  (40 mg L-1 ) 2.710 a 

SA-20 = Salicylic  acid (20 mg L-1 ) 2.680 a 

SA-40 = Salicylic  acid (40 mg L-1 ) 2.710 a 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 2.720 a 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 2.720 a 

SE 0.113 

Figures sharing same letter did not differ significantly at 0.05 level of probability.  
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Table 4.2.1.9 Chl b (mg 100 mL-1) of maize as influenced by a foliar application 
ascorbic acid, salicylic acid and hydrogen peroxide 

 
 
  

Foliar Application  Mean 

Control 0.930 b 

AsA-20 = Ascorbic acid  (20 mg L-1 ) 1.060 a 

AsA-40 = Ascorbic acid  (40 mg L-1 ) 1.090 a 

SA-20 = Salicylic  acid (20 mg L-1 ) 1.080 a 

SA-40 = Salicylic  acid (40 mg L-1 ) 1.090 a 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 1.100 a 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 1.080 a 

LSD 0.076 

Figures sharing same letter did not differ significantly at 0.05 level of probability.  
  
  
Table 4.2.1.10 Super oxide dismutase (unit mg-1 protein) of maize as influenced by a 

foliar application ascorbic acid, salicylic acid and hydrogen peroxide 
  
 

Foliar Application  Mean 

Control 12.860 b 

AsA-20 = Ascorbic acid  (20 mg L-1 ) 15.740 a 

AsA-40 = Ascorbic acid  (40 mg L-1 ) 15.670 a 

SA-20 = Salicylic  acid (20 mg L-1 ) 15.880 a 

SA-40 = Salicylic  acid (40 mg L-1 ) 15.770 a 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 15.780 a 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 15.760 a 

LSD 0.955 

Figures sharing same letter did not differ significantly at 0.05 level of probability.  
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Table 4.2.1.11 Catalase (unit mg-1 protein) of maize as influenced by a foliar 
application ascorbic acid, salicylic acid and hydrogen peroxide 

 
 

Foliar Application  Mean 

Control 15.870 b 

AsA-20 = Ascorbic acid  (20 mg L-1 ) 19.820 a 

AsA-40 = Ascorbic acid  (40 mg L-1 ) 19.750 a 

SA-20 = Salicylic  acid (20 mg L-1 ) 19.770 a 

SA-40 = Salicylic  acid (40 mg L-1 ) 19.810 a 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 19.810 a 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 19.830 a 

LSD 0.453 

 Figures sharing same letter did not differ significantly at 0.05 level of probability.  
  
  
Table 4.2.1.12 Peroxidase (unit mg-1 protein) of maize as influenced by a foliar 

application ascorbic acid, salicylic acid and hydrogen peroxide 
 

 

Foliar Application  Mean 

Control 4.420 b 

AsA-20 = Ascorbic acid  (20 mg L-1 ) 5.780 a 

AsA-40 = Ascorbic acid  (40 mg L-1 ) 5.750 a 

SA-20 = Salicylic  acid (20 mg L-1 ) 5.910 a 

SA-40 = Salicylic  acid (40 mg L-1 ) 5.970 a 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 5.910 a 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 5.990 a 

LSD 0.303 

Figures sharing same letter did not differ significantly at 0.05 level of probability.  
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Table 4.2.1.13 Shoot nitrogen contents (%) of maize as influenced by a foliar 
application ascorbic acid, salicylic acid and hydrogen peroxide 

 
 

Foliar Application  Mean 

Control 0.952 c 

AsA-20 = Ascorbic acid  (20 mg L-1 ) 1.036 b 

AsA-40 = Ascorbic acid  (40 mg L-1 ) 1.063 a 

SA-20 = Salicylic  acid (20 mg L-1 ) 1.046 ab 

SA-40 = Salicylic  acid (40 mg L-1 ) 1.061 a 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 1.063 a 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 1.062 a 

LSD 0.017 

 Figures sharing same letter did not differ significantly at 0.05 level of probability.  
 
 
Table 4.2.1.14 Root nitrogen content (%) of maize as influenced by a foliar 

application ascorbic acid, salicylic acid and hydrogen peroxide 
 

 
  

Foliar Application  Mean 

Control 0.838 c 

AsA-20 = Ascorbic acid  (20 mg L-1 ) 0.898 b 

AsA-40 = Ascorbic acid  (40 mg L-1 ) 0.936 ab 

SA-20 = Salicylic  acid (20 mg L-1 ) 0.928 ab 

SA-40 = Salicylic  acid (40 mg L-1 ) 0.937 ab 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 0.922 ab 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 0.958 a 

LSD 0.038 

 Figures sharing same letter did not differ significantly at 0.05 level of probability.  
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Table 4.2.1.15 Shoot phosphorus contents (%) of maize as influenced by a foliar 
application ascorbic acid, salicylic acid and hydrogen peroxide 

 
 

Foliar Application  Mean 

Control 1.460 d 

AsA-20 = Ascorbic acid  (20 mg L-1 ) 1.786 bc 

AsA-40 = Ascorbic acid  (40 mg L-1 ) 1.813 ab 

SA-20 = Salicylic  acid (20 mg L-1 ) 1.770 c 

SA-40 = Salicylic  acid (40 mg L-1 ) 1.809 ab 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 1.818 ab 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 1.827 a 

LSD 0.032 

Figures sharing same letter did not differ significantly at 0.05 level of probability.  
  
 
 
Table 4.2.1.16 Root phosphorus content (%) of maize as influenced by a foliar 

application ascorbic acid, salicylic acid and hydrogen peroxide 
 

 
  

Foliar Application  Mean 

Control 1.331 d 

AsA-20 = Ascorbic acid  (20 mg L-1 ) 1.581 bc 

AsA-40 = Ascorbic acid  (40 mg L-1 ) 1.600 abc 

SA-20 = Salicylic  acid (20 mg L-1 ) 1.547 c 

SA-40 = Salicylic  acid (40 mg L-1 ) 1.641 a 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 1.622 ab 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 1.626 a 

LSD 0.055 

  Figures sharing same letter did not differ significantly at 0.05 level of probability.  



 86 
 

4.2.1.15 Shoot phosphorus contents (%)   

All foliar application increased shoot P content (table 4.2.1.15).  Maximum shoot 

P (1.827 %) was attained by exogenous application of H2O2-40. All foliar application 

strategies behaved similarly in increasing shoot P content than control with minimum 

shoot P content.  

4.2.1.16 Root phosphorus contents (%)   

Data pertaining to root P contents depicts that exogenous application significantly 

influenced the root P content (table 4.2.1.16). Statiscally similar root P contents were 

recorded by foliar application. Minimum of 1.331 P content was observed in control. 

4.2.1.17 Shoot potassium contents (%)   

Comparison of treatment means (Table 4.2.1.17) reveals that different exogenous 

effectors like AsA, SA and H2O2 at both levels significantly increased shoot K content. 

Maximum K content (1.291%) was produced with foliar application of AsA-40. All 

exogenously applied strategies behave similarly but attained higher shoot K content than 

control. While minimum shoot K content (1.165 %) was recorded in control. 

4.2.1.18 Root potassium contents (%)   

Data pertaining to comparison treatment means of root K was presented in table 

4.2.1.18. Root K content was influenced significantly by different foliar application of 

physiological enhancement. Maximum of 0.990 % root ontents were observed when 

hybrid maize was sprayed with SA-40 which was statistically similar with 0.987, 0.981, 

0.974, 0.974 and 0.968 percent of shoot K content obtained with foliar application of 

AsA-40, SA-20, AsA-20, H2O2-20 and H2O2-20, respectively. Minimum of 0.878 of root 

K content was observed in control.   

4.2.2 Correlation 
  A significant (p< 0.05) positive regression co-efficient relationship (r = 0.795, n = 

21) existed between root dry weight and root nitrogen contents in maize  

A significant (p< 0.05) positive regression co-efficient relationship (r = 0.941, n = 

21) existed between root dry weight and root phosphorus contents in maize. 

A significant (p< 0.05) positive regression co-efficient relationship (r = 0.860, n = 

21) existed between root dry weight and root potassium contents in maize. 
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Table 4.2.1.17 Shoot potassium content (%) of maize as influenced by a foliar 
application ascorbic acid, salicylic acid and hydrogen peroxide 

 
 

Foliar Application  Mean 

Control 1.165 c 

AsA-20 = Ascorbic acid  (20 mg L-1 ) 1.264 ab 

AsA-40 = Ascorbic acid  (40 mg L-1 ) 1.291 a 

SA-20 = Salicylic  acid (20 mg L-1 ) 1.252 b 

SA-40 = Salicylic  acid (40 mg L-1 ) 1.270 ab 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 1.256 ab 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 1.283 ab 

LSD 0.029 

Figures sharing same letter did not differ significantly at 0.05 level of probability.  
 
 
Table 4.2.1.18 Root potassium contents (%) of maize as influenced by a foliar 

application ascorbic acid, salicylic acid and hydrogen peroxide 
 

 
  

Foliar Application  Mean 

Control 0.870 b 

AsA-20 = Ascorbic acid  (20 mg L-1 ) 0.974 a 

AsA-40 = Ascorbic acid  (40 mg L-1 ) 0.987 a 

SA-20 = Salicylic  acid (20 mg L-1 ) 0.981 a 

SA-40 = Salicylic  acid (40 mg L-1 ) 0.990 a 

H2O2-20 = Hydrogen peroxide (20 mL L-1 ) 0.968 a 

H2O2-40 = Hydrogen peroxide (40 mL L-1 ) 0.974 a 

LSD 0.031 

Figures sharing same letter did not differ significantly at 0.05 level of probability.  
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4.2.3 Discussion  

A variety of strategies is being used to mitigate the adverse effects of chilling on 

crop plants (Farooq et al., 2009b). Of all these, exogenous application of organic 

compounds viz. osmoprotectants, plant growth regulators and antioxidants compounds is 

an effective method to alleviate the adverse effects (Ashraf and Foolad, 2005) and  is 

considered to be an alternate, low cost and short cut solution to induce abiotic stresses 

tolerance in plants like chilling, heat, drought and salinity stresses. The damaging effects 

of chilling were successfully lowered by exogenous application of SA in maize (Janda et 

al., 1994), AsA in wheat (Waseem, 2006) and H2O2 in wheat (Wahid et al., 2007b). The 

study shows that the enhancement in shoot growth was more pronounced showing 

beneficial effects of AsA, SA and H2O2 under chilling stress in maize (Table 4.2.1.1 to 

4.2.1.7). The increased in dry matter and improved shoot and root length in the present 

study might be due to increased cell division, which caused an increase in plant growth 

by exogenous application of ascorbic acid, salicylic acid and H2O2 and protecting 

chlorophyll and membrane (Table 4.2.1.1 to 4.2.1.7). This agrees with findings that 

exogenous application of AsA in wheat under salinity (Khan et al., 2006), SA in maize 

plant under salinity (Gunes et al., 2007) and H2O2 in wheat under saline conditions 

(Perveen, 2005; Wahid et al., 2007b) had higher dry mass compared with that of control. 

SA regulates cell growth by specifically affecting cell enlargement, cell division 

(Vanacker et al., 2001) and protecting the cell structure (Kang et al., 2007). In this 

respect, many investigators found that low concentrations of salicylic acid enhanced 

growth of maize (Shehata et al., 2001; El-Mergawi and Abdel-Wahed, 2007) whereas 

high concentrations caused an inhibitory effect on growth of maize plants (Abdel-Wahed 

et al., 2007). These foliar application strategies ameliorated the adverse effects of 

environmental stress by increasing root and shoot lengths and fresh and dry weights in 

treated pots in comparison to non-treated pots (Table 4.2.1.1 to 4.2.1.6). This indicates 

that application of AsA, SA and H2O2 enhanced the crop growth. These results are 

supported by in AsA application in wheat (Khan, 2007), SA application in wheat under 

water deficit condition drought (Arfan, 2006) and H2O2 application in maize and wheat 

under salinity (Azevedo Neto et al., 2005; Wahid et al., 2007b) who observed an 

enhanced shoot dry and fresh weight under saline  condition.    
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Root shoot ratio (Table 4.2.1.7) calculated on seedling length  basis was lower in 

exogenously treated pots than control ones which indicated the facilitation of shoot 

growth over root growth and higher photosynthesis which resulted into higher dry matter 

production. Jabeen (2008) also reported reduction in root shoot ratio in maize under water 

stress condition. The reduction in root as compare to shoot volume when subjected to 

chilling stress under control while foliar application of AsA, SA and H2O2 might be due 

to higher accumulation of assimilates diverted to shoot than root. This decrease in root 

shoot ratio may be due to greater osmotic adjustment in shoots compared with roots.           

It is evident from the results of present study that exogenous application of 

ascorbic acid, salicylic acid and H2O2 increased scavenging enzymes like superoxide 

dismutase (SOD), catalase (CAT) and peroxidase (POD) may detoxify ROS which have 

inhibitory effects on seedling vigor at low temperature (Table 4.2.1.10, 4.2.1.11 and 

4.2.1.12). Enzymes of SOD, CAT and APX are the most important in this regard, SOD 

catalyses the dismutation of O2
- to H2O2, CAT invoved in degradation of H2O2 whereas 

APX scavenge H2O2 through regeneration of ascorbic acid. Higher CAT activity in 

leaves under chilling stress suggests a more efficient scavenging system, which may 

result in better protection against ROS during stress (Table 4.2.1.11). However, Prasad 

(1997) concluded that exposure to low temperatures causes an increase in CAT activity, 

which supports our results. However, foliar application of these compounds further 

enhanced the CAT activity. Activities of antioxidants enzymes are reported to increase 

with exogenous application of salicylic acid under drought (Waseem, 2006), ascorbic 

acid under salt stress (Khan et al., 2006) and H2O2 to different stresses in maize (Gong et 

al., 2001) and wheat (Gong et al., 2001). H2O2 react with ascorbic acid in the presense of 

ascorbate peroxidase (APX) to produced monodehydroascorbate which converted into 

ascorbic acid either enzymatic path of monoascorbate reductase or by both of non-

enzymatic converted into dehydroascorbate and this converted into ascorbic acid by using 

enzyme of dehydroascorbate reductase.   

It is generally known that photosynthetic efficiency depends on photosynthetic 

pigments such as Chl a and b which play an important role in photochemical reaction of 

photosynthesis (Taiz and Zeiger, 2002). In present study, both Chl a and b were increased 

with exogenous application of ascorbic acid, salicylic acid and hydrogen peroxide in 
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maize. The increased chlorophyll a and b content might be due to improvement in 

antioxidants, which protect chlorophyll from degradation. These results are in accordance 

with those of exogenously applied ascorbic acid, salicylic acid and hydrogen peroxide 

increased chlorophyll a and b in maize (Khodary, 2004), wheat (Khan, 2007) and wheat  

(Wahid et al., 2007b), respectively under stressful conditions. These results supported by 

Sakr and Arafa, (2009) who reported increased chlorophyll contents with the application 

of antioxidants in canola under salinity. 

Foliar application of AsA, SA and H2O2 on maize increased N, P and K contents 

of root and shoot in the present study. These results supported by Sakr and Arafa (2009) 

who reported increased N, K and P contents with the application of antioxidants in canola 

under salinity. Hamad and Hamada (2004) found that AsA application caused a 

decreased in Na+ coupled with increased in K+ under saline conditions whereas Gadallah 

(2000) observed the similar results in Carthamus tinctorius with the exogenous 

application of AsA under normal and saline condition, from these results it can be 

hypothesized that AsA induced stomatal regulation due alleviation of toxic effects of Na+ 

rather than its effects on osmotic component of salt stress, because AsA is essential for 

detoxification of ROS, substrate for APX in scavenging of H2O2 and electron acceptor in 

photosynthetic ETC (Davey et al., 2000). In the present study, exogenous application of 

SA increased in shoot K+ contents. These results are support the findings of Arfan (2006) 

in which it was reported that SA application increased shoot K content of wheat.  

From the above discussion, it can be concluded that low temperature induced 

inhibition in growth of maize can be ameliorated by foliar application of ascorbic acid, 

salicylic acid and hydrogen peroxide. Foliar application of ascorbic acid, salicylic acid 

and hydrogen peroxide improved seedling vigor by increasing chlorophyll, nutrient 

contents and improving antioxidant defense system. Better results were obtained with the 

use these organic compounds (20 mg L-1 and 40 mg L-1). However, these two levels were 

mostly at par with each other in most of observations recorded. The current results 

enabled us to select lower levels of them. That optimized level was used for subsequent 

experiments. 
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Experiment-III Effect of sowing dates and physiological strategies on  

Growth and yield of spring maize  

The present investigation was conducted to explore the effect of different 

physiological strategies of seed priming and foliar application of different organic 

compounds on growth and yield of spring maize at sowing different sowing dates. The 

experiment was carried out at University farms, University of Agriculture, Faisalabad, 

during 2008.  

Weather data during the crop season 

  The data on weather mean temperature were recorded by Observatory of Agro-

metrological Cell in Department of Crop Physiology at University of Agriculture, 

Faisalabad during the crop season presented (Appendix 4.3.1). Data are presented on 

mean of 7 days interval. 

4.3.1 Results 

4.3.1.1  Days to 50 % emergence  

  A perusal of data indicates that days taken to 50% emergence were affected 

significantly by planting date in spring-sown maize (Table 4.3.1.1). Maximum of 18.667 

days were taken to 50 % to emergence early (1st February) sown maize crop while 

minimum (6.000 days) time taken to emergence when late sown on 15th March.  

Seed priming either of the AsA, H2O2 and SA reduced time taken to 50% 

emergence. All strategies reduced the days to 50 % emergence at different sowing dates. 

All priming agents are equally effective in inducing rapid emergence at all sowing dates. 

Minimum and statistically similar days taken to 50% emergence were recorded when 

seeds were primed with solution (20 mg L-1) of H2O2, ascorbic acid and salicylic acid at 

each sowing dates, respectively.   

4.3.1.2 Days to 50 % tasselling 

  Days taken to 50 % tasselling were significantly affected by planting date (Table 

4.3.1.2). Maximum (68.760 days) were recorded in early (1st February) planted crop 

while minimum number of 59.290 days were noted in late sown (15th March). 

Earlier tasselling was observed with physiological application.  Either priming or 

foliar application of hydrogen peroxide (H2O2), salicylic acid (SA) or ascorbic acid 
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(AsA) was applied at @ 20 mg L-1on spring maize sown at different sowing dates. Foliar 

application of H2O2 is the most effective at both early and late sown conditions. Seed 

primed with AsA and SA was equally effective at optimum sowing date.   

4.3.1.3 Days to 50 % silking  

Statistical analysis of data indicates that rapid appearance of 50 % silking on late 

(15th March) sown than optimum (22nd February)  and early (1st February) sown maize 

i.e. 62.480, 67.000 and 73.520 days were taken to 50 % silking, respectively (Table 

4.3.1.3). Different physiological treatment significantly reduced the days to 50 % silking 

at each sowing date. Interactive effects of both factor was also found significant. Whereas 

minimum time of 60.670 days to 50% silking when crop was late planted on 15th of 

March along foliar application of H2O2. All other strategies are also effective in early 

silking than control without physiological application enhancement strategies.   

4.3.1.4 Days to physiological maturity 

  The data collected for days to physiological maturity (PM) are presented (Table 

(4.3.1.4) and statistical analysis reveal that days to PM were significantly varied by 

sowing dates. The means values of sowing date showed that the maximum of 121.950 

days to maturity were recorded in earlier sown on 1st February while minimum of 

106.760 days were taken by later sown on 15th March. Days to PM were affected by 

physiological treatment but interactive effects of sowing dates and physiological 

enhancement on PM were, however, significant which shows that all behavior of 

physiological stragies depeds upon sowing. All physiological strategies caused earlier 

maturity at early and late sown condition but no significant effect at optimum. The 

earliest maturity was observed in when crop planted on 15th March and seeds were pre-

soaked in 20 mL L-1of solution H2O2. 
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Table 4.3.1.1 Days to 50 % emergence of spring maize as influenced by            

different sowing dates and physiological strategies. 

 
 
 

Physiological  strategies 

Sowing dates 
 

 
 
 

Means 
 
1st February 

 
22nd 
February 

 
15th March 

 
Control 

 

 
20.000 a 

 

 
8.667 cd 

 
6.333 ef 

 
11.667 A 

Seed priming  with 20 mg 
L-1 of  ascorbic acid 

 
17.000 b 

 

 
7.333 e 

 
5.667 f 

 
10.000 B 

Foliar spray of 20 mg L-1 
of ascorbic acid 

 
19.667 a 

 

 
8.667 cd 

 

 
6.333 ef 

 
11.560 A 

Seed priming with 20 mg 
L-1 of salicylic acid 

 
17.333 b 

 

 
7.667 de 

 
5.667 f 

 
10.220 B 

Foliar spray of 20 mg L-1  

of salicylic acid 
 

20.000 a 
 

 
8.667 cd 

 
6.333 ef 

 
11.667 A 

Seed priming with 20 mL 
L-1  of hydrogen peroxide 
 

 
17.000 b 

 

 
7.333 e 

 
5.333 f 

 
9.890 B 

Foliar spray of 20 mL L-1  
of hydrogen peroxide 
 

 
19.667 a 

 

 
9.000 c 

 
6.333 ef 

 
11.667 A 

 
Means 
 

 
18.667 A 

 
8.190 B 

 
6.000 C 

 
 

 
- 

 
Figures sharing same letters do not differ significantly at 0.05 level of probability. 

LSD for sowing dates:     0.847 

LSD for physiological strategies:    0.669 

LSD for interaction of both factors:    1.585 

  

  

 
 



 94 
 

Table 4.3.1.2 Days to 50 % tasselling of spring maize as influenced by            

different sowing dates and physiological strategies. 

 
 
 

Physiological  strategies 

Sowing dates 
 

 
 
 

Means 
 
1stFebruary

 
22nd 
February 

 
15th March 

 
Control 

 

 
70.333 a 

 
64.000 c  

 
61.333 d 

 
65.220 A 

Seed priming  with 20 mg 
L-1 of  ascorbic acid 

 
68.667 b 

 

 
62.667 cd 

 
59.667 e 

 
63.667 B 

Foliar spray of 20 mg L-1 of 
ascorbic acid 

 
68.333 b 

 

 
63.333 c 

 
59.333 e 

 
63.667 B 

Seed priming with 20 mg L-

1 of salicylic acid 
 

68.667 b 
 

 
62.667 cd 

 
59.000 e 

 
63.440 B 

Foliar spray of 20 mg L-1  of 
salicylic acid 

 
68.667 b 

 

 
64.000 c 

 
58.667 e 

 
63.667 B 

Seed priming with 20 mL 
L-1  of hydrogen peroxide 
 

 
69.000 ab 

 

 
63.000 c 

 
58.667 e 

 
63.560 B 

Foliar spray of 20 mL L-1  
of hydrogen peroxide 
 

 
68.000 b 

 

 
63.333 c 

 
58.333 e 

 
63.220 B 

 
Means 
 
 

 
68.760 A 

 
63.290 B 

 
59.290 C 

 
 

 
- 

 
Figures sharing same letters do not differ significantly at 0.05 level of probability. 

LSD for sowing dates:     0.657 

LSD for physiological strategies:    0.798 

LSD for interaction of both factors:    1.428 
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Table 4.3.1.3  Days to 50 % silking of spring maize as influenced by different 

sowing dates and physiological strategies. 

  

 
 
 

Physiological  strategies 

Sowing dates 
 

 
 
 

Means 
 
1stFebruary

 
22nd 
February 

 
15th March 

 
Control 

 

 
74.333 a 

 
68.000 d 

 
64.333 g 

 
69.890 A 

Seed priming  with 20 mg 
L-1 of  ascorbic acid 

 
72.000 bc 

 
66.000 f 

 

 
62.667 h 

 
67.440 B 

Foliar spray of 20 mg L-1 
of ascorbic acid 

 
71.667 bc 

 

 
66.667 def 

 
62.333 h 

 
67.333 B 

Seed priming with 20 mg 
L-1 of salicylic acid 

 
73.333 bc 

 

 
67.000 dde 

 
62.667 h 

 
67.220 B 

Foliar spray of 20 mg L-1  

of salicylic acid 
 

71.667 bc 
 

 
67.667 de 

 
62.333 h 

 
67.220 B 

Seed priming with 20 mL 
L-1  of hydrogen peroxide 
 

 
72.667 bc 

 

 
67.333 def 

 
62.333 h 

 
67.440 B 

Foliar spray of 20 mL L-1  
of hydrogen peroxide 
 

 
71.000 c 

 

 
66.333 ef 

 
60.667 i 

 
66.000 C 

 
Means 
 
 

 
72.240 A 

 
67.000 B 

 
62.480 C 

 
 

 
- 

 
Figures sharing same letters do not differ significantly at 0.05 level of probability. 

LSD for sowing dates:     0.477 

 

LSD for physiological strategies:    0.816 

LSD for interaction of both factors:    1.386 
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Table 4.3.1.4 Days to physiological maturity of spring maize as influenced by            

different sowing dates and physiological strategies. 

 

 
 

Physiological  strategies 

 
Sowing dates 

 
 
 

Means 
 
1stFebruary

 
22nd 
February 

 
15th March 

 
Control 

 

 
124.000 a 

 
113.000 d 

 
108.333 e 

 
115.110 A 

Seed priming  with 20 mg 
L-1 of  ascorbic acid 

 
121.000 c 

 

 
112.000 d 

 
106.333 f 

 
113.110 C 

Foliar spray of 20 mg L-1 
of ascorbic acid 

 
122.667 ab 

 

 
113.000 d 

 
106.667 f 

 
114.110 B 

Seed priming with 20 mg 
L-1 of salicylic acid 

 
121.000 c 

 

 
112.667 d 

 
106.000 f 

 
113.220 BC 

Foliar spray of 20 mg L-1  

of salicylic acid 
 

 
122.667 ab 

 

 
112.000 d 

 
106.667 f 

 
113.780 BC 

Seed priming with 20 mL 
L-1  of hydrogen peroxide 
 

 
121.667 bc 

 

 
112.000 d 

 
106.333 f 

 
113.333 BC 

Foliar spray of 20 mL L-1  
of hydrogen peroxide 
 

 
120.667 c 

  

 
113.000 d 

 
107.000 ef 

 
113.563 BC 

 
Means 

 
121.950 A 

 
112.520 B 

 
106.760 C 

 

 
- 

 
Figures sharing same letters do not differ significantly at 0.05 level of probability. 

 

LSD for sowing dates:     1.055   

LSD for physiological strategies:    0.934 

LSD for interaction of both factors:    1.815 
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4.3.1.5 Dry matter accumulation (g m-2) 

  The pre-requisite for high yield is a high production of dry matter per unit area. 

The amount of dry matter produced depends upon photosynthesis which in turn depends 

on large and efficient assimilating area, adequate supply of solar radiation and CO2 and 

favorable environmental conditions. Some amounts of photosynthates are used in 

respiration which is essential for maintained and development. The total yield of dry 

matter is, therefore the amount of dry matter produced less than the photosynthates used 

for respiration. The data pertaining to DMA recorded at biweekly depicted in Fig. 

(4.3.1.1), the DMA increased in linear fashion with progressive increase in growth period 

and reached its maximum value at 90 DAS. A perusal of data (Table 4.3.1.5) indicated 

that the dry matter accumulation significantly affected by different sowing dates. 

Maximum dry matter (1002.700 g m-2) was produced when crop sown on 22nd February 

while minimum of (771.700 g m-2) was produced when sown on 1st February. 

  DMA was affected significantly by physiological strategies. All physiological 

strategies improve dry at all sowing dates (Fig. 4.3.1.1). Interaction of both factors 

(sowing dates and physiological enhancement) did not affect dry matter accumulation in 

spring-sown maize.  

4.3.1.6 Maximum leaf area index (75 DAS) 

  Leaf area index (LAI) of a crop at particular growth stage shows its 

photosynthetic potential or levels of its dry matter production. More will be the LAI, the 

higher dry matter accumulation of crop and vice versa. The periodic LAI of the crop as 

affected by different sowing dates and physiological enhancements is presented in Fig. 

(4.3.1.2). the leaf area index was low in beginning (30 DAS) it improved progressively 

with age and reached the maximum at 75 DAS and thereafter declined at 90 DAS. 

Increase in LAI was slowly in early and mid sown and rapidly under late sown 

conditions. Sowing dates, physiological strategies and interaction of both factors affected 

significantly the LAI. All strategies increased LAI at normal and early or late sowing 

dates. Seed primed with ascorbic acid (20 mg L-1) sown at each sowing dates better in 

improving leaf area than H2O2 and SA although they are statistically similar with others 

strategies. Control produced the lower LAI at all sowing date.  
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Fig. 4.3.1.1 Periodic dry matter accumulation (30-90) of spring maize as influenced 

by different sowing dates and physiological strategies 
 
 
 

 

 

 

 
 
 
 
 
 
 
 

 

 

 
 
 
Fig. 4.3.1.2 Periodic leaf area index (30-90) of spring maize as influenced by 

different sowing dates and physiological strategies. 
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Table 4.3.1.5 Dry matter accumulation (gm-2) of spring maize as influenced by            

different sowing dates and physiological strategies. 

 
 
 

Physiological  strategies 

Sowing dates 
 

 
 
 

Means 
 
1stFebruary

 
22nd 
February 

 
15th March 

 
Control 

 

 
681.210 i 

 
844.600 e 

 
705.800 e 

 
743.850 D

Seed priming  with 20 mg 
L-1 of  ascorbic acid 

 
808.810 f 

 
1049.100 a 

 
877.700 cd 

 
911.860 A

Foliar spray of 20 mg L-1 of 
ascorbic acid 

 
774.100 g 

 

 
1015.900 b 

 
867.900 d 

 
885.930 C

Seed priming with 20 mg L-

1 of salicylic acid 
 

805.100 f 
 

 
1039.700 a  

 
888.000 c 

 

 
910.950 A

Foliar spray of 20 mg L-1  of 
salicylic acid 

 
771.000 g 

 
1022.800 b 

 
868.400 d 

 
887.410 C

Seed priming with 20 mL 
L-1  of hydrogen peroxide 
 

 
800.000 f 

 
1022.200 b 

 
883.400 c 

 
901.860 B 

Foliar spray of 20 mL L-1  
of hydrogen peroxide 

 
761.500 g 

 
1025.000 b 

 
890.700 c 

 
892.400 C

 
Means 
 

 
771.700 C 

 
1002.700 A 

 
854.500 B 

 
- 

 
Figures sharing same letters do not differ significantly at 0.05 level of probability. 

 

LSD for sowing dates:     9.626 

LSD for physiological strategies:    8.483 

LSD for interaction of both factors:    16.505 
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Table 4.3.1.6 Maximum leaf area index of spring maize as influenced by            

different sowing dates and physiological strategies. 

 
 

 
Physiological  strategies 

Sowing dates 
 

 
 

Means  
1stFebruary

22nd 
February 

 

 
15th March 
 
 

 
Control 

 

 
3.500 g 

 
4.090 f 

 
3.260 h 

 
3.620 D 

Seed priming  with 20 mg 
L-1 of  ascorbic acid 

 
4.333 c 

 
5.220 a 

 
4.310 cd 

 
4.620 A 

Foliar spray of 20 mg L-1 
of ascorbic acid 

 
4.300 cde 

 
5.190 a 

 
4.230 e 

 
4.570 B 

Seed priming with 20 mg 
L-1 of salicylic acid 

 
4.260 cde 

 
5.190 a 

 
4.300 cde 

 
4.590 AB 

Foliar spray of 20 mg L-1  

of salicylic acid 
 

4.270 cde 
 

5.100 b 
 

4.120 f 
 

4.500 C 

Seed priming with 20 mL 
L-1  of hydrogen peroxide 
 

 
4.260 cde 

 
5.220 a 

 
4.260 cde 

 
4.590 AB 

Foliar spray of 20 mL L-1  
of hydrogen peroxide 
 

 
4.320 cd 

 
5.160 ab 

 
4.250 cde 

 
4.580 AB 

 
Means 
 

 
4.180 B 

 
5.020 A 

 
4.100 C 

 
- 

 
Figures sharing same letters do not differ significantly at 0.05 level of probability. 

 

LSD for sowing dates:     0.034 

LSD for physiological strategies:    0.045 

LSD for interaction of both factors:    0.079 
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4.3.1.7  Lead area duration   

   Leaf area duration (LAD) expresses the magnitude and persistence of leafiness 

during period of crop growth (Reddy, 2004), remains activity involved in photosynthesis 

and respiration. The data pertaining to LAD recorded at fortnight interval by different 

sowing dates and physiological enhancement depicted in Fig. 4.3.1.3. LAD increased in 

linear manner at each sowing dates with progressive increased in growth period and 

reached its maximum values upto 90 days after sowing. The increase in LAD slow in 

early and faster in late sown conditions. Total LAD was significantly affected by sowing 

dates (Table 4.3.1.7). Crop sown on 22nd February (152.540 d) taken maximum LAD. 

Minimum total LAD (115.280 d) was observed when crop was sown on 1st February.  

All physiological strategies significantly affected LAD. Physiological treatment 

application significantly increased LAD in all treatments over control. Maximum LAD 

was noted in SP-AsA (142.240 d), where seed treated with AsA @ 20 mg L-1 was applied 

and it was similar with (141.700 d) when crop was treated with 20 mg L-1 of SA. 

Minimum LAD (115.760 d) was recorded in control where no physiological treatment 

was applied. Interaction of both factors found significant. Maximum and statistically 

similar LAD of 159.200, 159.200 and 157.320 days were recorded when crop was sown 

22nd February along with seeds were pre-soaked with 20 mg L-1 of AsA or H2O2 and SA, 

respectively. Various physiological strategies increased LAD at each sowing dates while 

seed primed with AsA performed better/effective strategy at early and optimum but seed 

primed with SA under late sown conditions. While minimum of 98.750 d of LAD was 

recorded when crop was sown on 1st February without application of physiological 

treatment. 

4.3.1.8 Mean Crop growth rate (g m-2 d-1) 

  Crop growth rate (CGR) is the gain in dry matter production on a unit of land in a 

unit of time (Reddy, 2004) and it is important indicator of size and efficiency of leaf 

canopy and hence the ability of crop to convert solar energy into economic growth. The 

periodic CGR of the crop given (Fig. 4.3.1.4) indicated that it slow in beginning however, 

during 45-60 days after sowing, CGR increased to its maximum value and there after 

declined sharply in all the treatments at each sowing date. Mean CGR was significantly 

affected by different sowing dates. Although maize sown on 22nd February produced 
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maximum CGR (16.640 g m-2 d-1). Minimum CGR of 11.690 g m-2 d-1 was produced was 

crop sown on 15th March, which was statistically differ with CGR (14.150 g m-2 d-1) 

produced when crop sown on 1st February.  

Mean CGR was significantly increased by physiological stratgies. Maximum and 

similar CGR of 14.740 gm-2 d-1 was recorded where seeds pre-soaked with AsA and SA. 

Minimum of 11.990 g m-2 d-1 CGR was recorded in control  where neither seeds were 

primed  nor foliar application any of AsA, SA and H2O2 was applied.  

Interactive effect of both factors on CGR was however, found significant. 

Maximum and statistically similar CGR of 17.380 and 17.360 g m-2 d-1 were obtained 

when crop was planted on 22nd February along with seeds were treated with SA and AsA, 

respectively. Minimum of 10.270  g m-2 d-1
 CGR was observed when crop was late sown 

on 15th March without application of physiological treatment. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.3.1.3 Periodic leaf area duration (days) of spring maize as influenced by 

different sowing dates and physiological strategies 
 
 
 

Leaf Area Duration (Days)

0
10
20
30
40
50
60
70
80

45 60 75 90 45 60 75 90 45 60 75 90

D1= 1st February D2= 22nd February D3= 15th March

Sowing Date (1st Row) and Days after sowing (2nd Row)

L
e

a
f

A
re

a
D

u
ra

ti
o

n
(D

a
y

s
)

Control SP-AsA FA-AsA SP-SA FA-SA SP-H2O2 FA-H2O2



 103 
 

Table 4.3.1.7 Total leaf area duration (days) of spring maize as influenced by            

different sowing dates and physiological strategies. 

 

 
Physiological  strategies 

Sowing dates 
 

 
 
 

Means 
 
1stFebruary

 
22nd 
February 

 
15th 
March 

 
Control 

 

 
98.750 j 

 
129.300 h 

 
119.230 i 

 
115.760 F 

Seed priming  with 20 mg 
L-1 of  ascorbic acid 

 
119.520 i 

 
159.200 a 

 
147.980 e 

 
142.240 A 

Foliar spray of 20 mg L-1 of 
ascorbic acid 

 
118.030 i 

 
154.760 bc 

 
144.250 f 

 
139.010 CD 

Seed priming with 20 mg L-

1 of salicylic acid 
 

117.720 i 
 

157.320 ab 
 

150.060 
de 

 
141.700 AB 

Foliar spray of 20 mg L-1  of 
salicylic acid 

 
117.410 i 

 
152.320 cd 

 
141.070 g 

 
136.850 E 

Seed priming with 20 mL 
L-1  of hydrogen peroxide 
 

 
117.150 i 

 
159.200 a 

 
144.520 f 

 
140.290 BC 

Foliar spray of 20 mL L-1  
of hydrogen peroxide 
 

 
118.360 i 

 
155.930 b 

 
140.740 g 

 
138.340 DE 

 
Means 

 
115.280 C 

 
152.540 A 

 
141.120 B 
 

 
- 

 
Figures sharing same letters do not differ significantly at 0.05 level of probability. 

 

LSD for sowing dates:     2.046 

LSD for physiological strategies:    1.789 

LSD for interaction of both factors:    3.489 
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Fig. 4.3.1.4 Periodic crop growth rate (g m-2 d-1) of spring maize as influenced by            

different sowing dates and physiological strategies. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.3.1.5  Periodic net assimilation rate (g m-2 d-1) of spring maize as influenced by 

different sowing dates and physiological strategies. 
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Table 4.3.1.8  Mean crop growth rate (g m-2 d-1) of spring maize as influenced by            

different sowing dates and physiological strategies. 

 
 

Physiological  strategies 
Sowing dates 

 
 
 
 

Means 
 
1stFebruary

 
22nd 
February 

 
15th March 

 
Control 

 

 
11.710 ij 

 
13.980 e 

 
10.270 k 

 
11.990 E 

Seed priming  with 20 mg 
L-1 of  ascorbic acid 

 
14.560 cd 

 
17.360 a 

 
12.980 f 

 
14.700 

AB 
Foliar spray of 20 mg L-1 of 
ascorbic acid 

 
14.410 d 

 
16.840 b 

 
11.840 ghi 

 
14.360 D 

Seed priming with 20 mg L-

1 of salicylic acid 
 

14.720 c 
 

17.380 ab 
 

 
12.120 fg 

 
14.740 A 

Foliar spray of 20 mg L-1  of 
salicylic acid 

 
14.420 d 

 
17.000 b 

 
11.830 hi 

 
14.420 

CD 
Seed priming with 20 mL 
L-1  of hydrogen peroxide 
 

 
14.660 cd 

 
16.930 b 

 

 
12.110 fgh 

 
14.570 

BC 
Foliar spray of 20 mL L-1  
of hydrogen peroxide 
 

 
14.560 cd 

 
16.980 b 

 
11.520 j 

 
14.350 D 

 
Means 

 
14.150 B 

 
16.640 A 

 
11.700 C 

 

 
- 

 
Figures sharing same letters do not differ significantly at 0.05 level of probability. 

 

LSD for sowing dates:     0.143 

LSD for physiological strategies:    0.165 

LSD for interaction of both factors:    0.299 
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Table 4.3.1.9  Mean net assimilation rate (g m-2 d-1) of spring maize as influenced 

by different sowing dates and physiological strategies. 

 
 
 

Physiological  strategies 

Sowing dates 
 

 
 
 

Means 
 
1stFebruary

 
22nd 
February 

 
15th March 

 
Control 

 

 
9.310 g 

 
8.580 h 

 

 
5.180 k 

 
7.690 D 

Seed priming  with 20 mg 
L-1 of  ascorbic acid 

 
10.340 ab 

 
9.780 def 

 

 
5.950 i 

 
8.690 A 

Foliar spray of 20 mg L-1 
of ascorbic acid 

 
9.940 bcde 

 
9.680 defg 

 
5.370 k 

 
8.333 C 

Seed priming with 20 mg 
L-1 of salicylic acid 

 
10.340 ab 

 
9.940 bcde 

 

 
5.500 jk 

 
8.610 AB 

Foliar spray of 20 mg L-1  

of salicylic acid 
 

10.350 ab 
 

9.900 cdef 
 

 
5.450 k 

 
8.570 ABC 

Seed priming with 20 mL 
L-1  of hydrogen peroxide 
 

 
10.440 a 

 
9.550 efg 

 

 
5.890 ij 

 
8.630 AB 

Foliar spray of 20 mL L-1  
of hydrogen peroxide 
 

 
10.220 abc 

 
9.500 fg 

 

 
5.440 k 

 
8.390 BC 

 
Means 

 
10.130 A 

 
9.570 B 

 

 
5.540 C 

 

 
- 

 
Figures sharing same letters do not differ significantly at 0.05 level of probability. 

 

LSD for sowing dates:     0.206 

LSD for physiological strategies:    0.244 

LSD for interaction of both factors:    0.438 
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4.3.1.5 Mean net assimilation rate (30-90 DAS) 

  NAR or unit leaf rate is the net gain of assimilate per unit of leaf area and time 

(Reddy, 2004). NAR explain plants ability to increase dry weight in term of area of its 

assimilatory surface. Data pertaining mean square (Appendix 4.3.1.2) and comparison of 

means of NAR influenced by different physiological enhancement treatment was 

presented in the (Table 4.3.1.9) respectively. NAR of the crop presented in Fig. 4.3.1.5 

that it increased to its maximum value upto 45-60 DAS and thereafter declined sharply in 

all the treatments. 

NAR was significantly increased by application physiological strategies. 

Maximum NAR (8.690 g m-2 d-1) was observed where AsA through seed treatment was 

applied and statically similar NAR (8.630, 8.610 and 8.570 g m-2 d-1) were observed 

where seeds were pre-soaked with H2O2, SA and foliar application of SA, respectively 

were applied. While minimum NAR (7.690 g m-2 d-1) in control plot where no 

physiological enhancement was applied.  

Interaction of both factors was found significant. Maximum NAR of 10.440 g m-2 

d-1 were recorded where crop was sown on 1st February (early) when seeds were treated 

with H2O2 which was statistically similar with those of 10.350, 10.350, 10.340 and 

10.220 NAR observed on when crop sown (early) along with foliar spray of SA, seed 

treatment with SA, seed pre-soaked with SA and foliar spray with H2O2, respectively. 

4.3.1.10 Sueroxide dismutase (unit mg g-1 protein) 

  The data collected for superoxide dismutase (SOD) activity is presented (Table 

4.3.1.10). A perusal statistical analysis of data revealed that SOD was affected 

significantly by sowing dates. The means values of sowing date showed that the 

maximum and statitistically similar of 15.810 and 15.400 SOD (unit mg protein-1) was 

recorded in early (1st  February) and late planted on 15th March  while minimum of 

14.160 SOD (unit mg protein-1) for optimum sown on 22nd  February. 

  SOD activities were influenced significantly by various physiological treatment. 

Maximum SOD activity (16.010 unit mg protein-1) produced with seed primed with SA 

(20 mg L-1). Whereas control produced minimum activity (14.040) of SOD. 

  Interaction of both factors found significant on SOD activity. Ear leaf of plants 

grown from SA-primed produced the highest SOD activity of 17.520 at early planting (1st 
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February). Minimum of 13.990 SOD activities was recorded when crop sown on 1st 

February (early) without physiological strategies.   

4.3.1.11 Catalase (unit mg g-1 protein) 

The data regarding catalase activity is presented (Table 4.3.1.11). A statistical 

analysis of data indicated that catalase activity was affected significantly by sowing 

dates. Both early and late planted bear higher and statistically similar catalase (1.86 and 

1.780 unit mg protein-1) than 1.070 catalase (unit mg protein-1) was observed by crop 

sown on 22nd February (optimum). 

  Physiological strategies significantly enhanced the catalase activity. Maximum 

catalase activity of 1.930 unit mg protein-1 produced with salicylic acid was exogenously 

applied (20 mg L-1) at tasselling stage. All strategic application has higher CAT activities 

than control. Whereas application of control gave the lowest CAT activity of 1.020. All 

physiological strategies enhanced more CAT activity under early and late than normal 

/optimal sowing dates. 

4.3.1.12 Peroxidase (unit mg-1 protein) 

  POD activity in ear leaf of spring maize was significantly influenced by different 

sowing dates (Table 4.3.1.12). The highest activity of 4.930 of POD was observed in late 

sown on 15th March. While the lowest POD activity of 4.600 was observed in ear leaf of 

early sown maize on 1st February. POD activity was significantly enhanced by different 

physiological strategies.  Foliar application of AsA (20 mg L-1) at tasselling stage gave 

maximum of 4.890 of POD while control produced the minimum of 4.530 of POD 

activity.  Interaction of both factors was found significant which indicated that both 

factors did not behave independently on POD activity in maize. Maximum (5.030 unit 

mg protein-1 activity) was recorded by exogenous application of AsA and SA under late 

conditions (15th March). Minimum POD activity of 4.300 was observed in early sown on 

1st February sown without application physiological treatment. 
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Table 4.3.1.10 Superoxide dismutase (unit mg-1 protein) of spring maize as 

influenced by different sowing dates and physiological strategies. 

 
 
 

Physiological  strategies 

Sowing dates 
 

 
 

Means  
1stFebruary

 
22nd 
February 

 
15th March 

 
Control 

 

 
13.990 ef 

 
14.000 def 

 
14.120 def 

 
14.040 D 

Seed priming  with 20 mg 
L-1 of  ascorbic acid 

  
15.110 c 

 
14.280 def 

 
13.940 ef 

 
14.550 C 

Foliar spray of 20 mg L-1 of 
ascorbic acid 

 
14.667 cd 

 
13.530 f 

 
14.560 cde 

 
14.250 

CD 
Seed priming with 20 mg L-

1 of salicylic acid 
 

17.520 a 
 

14.900 def 
 

16.500 b 
 

16.010 A 

Foliar spray of 20 mg L-1  of 
salicylic acid 

 
16.500 b 

 
14.500 cdef 

 
16.030 b 

 
15.680 

AB 

Seed priming with 20 mL 
L-1  of hydrogen peroxide 
 

 
16.690 b 

 
14.590 cde 

 
16.080 b 

 
15.780 B 

Foliar spray of 20 mL L-1  
of hydrogen peroxide 
 

 
16.180 b 

 
14.410 cde 

 
16.230 bc 

 
15.610 B 

 
Means 

 
15.810 A 

 
14.190 C 

 
15.400 B 

 

 
- 

 
Figures sharing same letters do not differ significantly at 0.05 level of probability. 

 

LSD for sowing dates:     0.360 

LSD for physiological strategies:    0.385 

LSD for interaction of both factors:    0.709 
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Table 4.3.1.11 Catalase (unit mg-1 protein) of spring maize as influenced by            

different sowing dates and physiological strategies. 

 
 

 
Physiological  strategies 

Sowing dates 
 

 
 

Means  
1stFebruary

 
22nd 
February 

 
15th 
March 

 
Control 

 

 
1.320 hij  

 
0.620 n 

 

 
1.130 jkl  

 
1.020 D 

Seed priming  with 20 mg 
L-1 of  ascorbic acid 

 
1.810 de 

 
0.880 m 

 
1.520 fgh 

 

 
1.400 C 

 
Foliar spray of 20 mg L-1 of 
ascorbic acid 

 
1.680 hij 

 
0.910 lm 

 
1.160 efg 

 
1.400 D 

 
Seed priming with 20 mg L-

1 of salicylic acid 
 

1.890 de 
 

1.220 dk 
 

1.970 bcd 
 

1.670 B 

Foliar spray of 20 mg L-1  of 
salicylic acid 

 
2.230 a 

 
1.380 ghi 

 
2.180 ab 

 
1.930 A 

Seed priming with 20 mL 
L-1  of hydrogen peroxide 
 

 
2.080 abc 

 
1.390 ghi 

 

 
2.110 abc 

 
1.860 A 

Foliar spray of 20 mL L-1  
of hydrogen peroxide 

 
2.130 abc 

 
1.080 klm 

 
1.950 cd 

 
1.720 B 

 
Means 
 

 
1.860 A 

 
1.070 B 

 
1.780 A 

 
- 

 
Figures sharing same letters do not differ significantly at 0.05 level of probability. 

 

LSD for sowing dates:     0.123 

LSD for physiological strategies:    0.123 

LSD for interaction of both factors:    0.230 
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Table 4.3.1.12 Peroxidase (unit mg-1 protein) of spring maize as influenced by            

different sowing dates and physiological strategies. 

 

 
 

Physiological strategies 

Sowing dates 
 

 
 
 

Means 
 
1stFebruary

 
22nd 
February 

 
15th March 

 
Control 

 

 
4.300 j 

 
4.660 gh 

 
4.630 hij 

 
4.533 D 

Seed priming  with 20 mg 
L-1 of  ascorbic acid 

 
4.650 gh 

 
4.870 ef 

 
4.990 ab 

 
4.840 BC 

Foliar spray of 20 mg L-1 of 
ascorbic acid 

 
4.700 g 

 
4.930 bcde 

 
5.030 a 

 
4.890 A 

 

Seed priming with 20 mg L-

1 of salicylic acid 
 

4.580 i 
 

4.950 bcd 
 

4.890 def 
 

4.810 C 

Foliar spray of 20 mg L-1  of 
salicylic acid 
 

 
4.600 hi 

 
4.900 def 

 
5.030 a 

 
4.840 BC 

Seed priming with 20 mL 
L-1  of hydrogen peroxide 
 

 
4.650 gh 

 
4.850 f 

 
4.950 bcd 

 
4.820 C 

Foliar spray of 20 mL L-1  
of hydrogen peroxide 

 
4.700 g 

 
4.910 cdef 

 
4.980 abc 

 
4.860 AB 

 
Means 

 
4.600 C 

 

 
4.870 B 

 
4.930 A 

 
- 

 
 
Figures sharing same letters do not differ significantly at 0.05 level of probability. 

 

 LSD for sowing dates:     0.036   

 LSD for physiological strategies:    0.040   

 LSD for interaction of both factors:   0.073 

     

  



 112 
 

4.3.1.13 Chl a (mg 100 mL-1) 

  The Chl a content in ear leaf is presented (Table 4.3.1.13) and its perusal reveals 

that Chl a content was significantly affected by different sowing dates. Maximum Chl a 

content (2.790 mg 100 mL-1) was observed when early sown on 1st February where as 

minimum (1.720 mg 100 mL-1) in late sown 15th March. 

  Physiological strategies influenced the ear leaf‘s Chl a contents significantly. 

Maximum (2.700 mg 100 mL-1) was observed where foliar spray of SA was applied, 

where as control gave minimum (2.090 mg 100 mL-1) of Chl a content. 

  The interaction of both factors affected significantly the Chl a content. The 

maximum of Chl a content (2.670 mg 100 mL-1) were produced with foliar application of 

SA when maize was sown optimum date of 22nd February. While minimum (1.820 mg 

100 mL-1) was observed in late sown on 15th March and withot priming or foliar 

application. 

4.3.1.14 Chl b (mg 100 mL-1) 

  The data given (Table 4.3.1.14) depicted that sowing dates influenced 

significantly Chl b contents in ear leaf. Maximum Chl b (1.020 mg 100 mL-1) was 

obtained on early planting on 1st February while the minimum (0.800 mg 100 mL-1) on 

late sown (15th March).   

  Chl b contents influenced significantly by physiological strategies. Maximum Chl 

b (0.970 mg 100 mL-1) was observed found in ear leaf produced when foliar sprayed with 

H2O2 (20 mL L-1). While minimum (0.780 mg 100 mL-1) was recorded in control.  

  Interaction of both sowing dates and physiological strategies found significant. 

Maximum Chl b (1.050 mg 100 mL-1)  of ear leaf was observed when maize was sown on 

22nd February (optimum) and foliarly sprayed wth SA, which was statistically at par 

1.040, 1.030,1.030, 1.020 and 1.010 which were produced in maize planted on 22nd 

February and primed with SA and H2O2, foliar application AsA and H2O2 and AsA 

primed, respectively.  Minimum (0.670 mg 100 mL-1) when crop sown on 15th of March 

without application of any of physiological strategies. 
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Table 4.3.1.14  Chl a contents of spring maize as influenced by different sowing 

dates and physiological strategies. 

 
 
 

Physiological 
Strategies 

Sowing dates 
 

 
 
 

Means 
 
1stFebruary

 
22nd 
February 

 
15th March 

 
Control 

 

 
2.160 def 

 
2.290 cd 

 
1.820 g 

 
2.090 C 

Seed priming  with 20 mg 
L-1 of  ascorbic acid 

 
2.540 ab 

 
2.670 a 

 
2.020 f 

 
2.410 AB 

Foliar spray of 20 mg L-1 of 
ascorbic acid 

 
2.270 cde 

 
2.530 ab 

 
2.100 ef 

 
2.300 AB 

Seed priming with 20 mg L-

1 of salicylic acid 
 

2.360 bc 
 

2.610 a 
 

2.090 ef 
 

2.350 AB 

Foliar spray of 20 mg L-1  of 
salicylic acid 

 
2.270 cde 

 
2.560 a 

 
2.040 f 

 
2.290 AB 

Seed priming with 20 mL 
L-1  of hydrogen peroxide 
 

 
2.360 bc 

 
2.590 a 

 
2.060 f 

 
2.340 AB 

Foliar spray of 20 mL L-1  
of hydrogen peroxide 

 
2.270 cde 

 
2.580 a 

 
2.090 ef 

 
2.310 AB 

 
Means 

 
2.320 B 

 

 
2.550 A 

 
2.030 C 

 
- 

 
Figures sharing same letters do not differ significantly at 0.05 level of probability. 

 

LSD for sowing dates:     0.047 

LSD for physiological strategies:    0.034 

LSD for interaction of both factors:    0.071 
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Table 4.3.1.15 Chl b contents of spring maize as influenced by different sowing dates 

and physiological strategies. 

 
 
 

Physiological strategies 

Sowing dates 
 

 
 
 

Means 
 
1stFebruary

 
22nd 
February 

 
15th March 

 
Control 

 

 
0.750  

 
0.920  

 
0.667  

 
0.780 E 

Seed priming  with 20 mg 
L-1 of  ascorbic acid 

 
0.860  

 
1.010  

 
0.740  

 
0.870 D 

 
Foliar spray of 20 mg L-1 
of ascorbic acid 

 
0.860  

 
1.030  

 
0.780  

 
0.890 C 

Seed priming with 20 mg 
L-1 of salicylic acid 

 
0.810  

 
1.040  

 
0.810  

 

 
0.890 C 

Foliar spray of 20 mg L-1  

of salicylic acid 
 

0.940  
 

1.050  
 

0.790  
 

 
0.930 B 

Seed priming with 20 mL 
L-1  of hydrogen peroxide 
 

 
0.860  

 
1.030  

 
0.910  

 
0.930 B 

Foliar spray of 20 mL L-1  
of hydrogen peroxide 
 

 
0.980  

 
1.020  

 
0.890  

 

 
0.970 A 

 
Means 

 
0.860 B 

 

 
1.020 A 

 
0.800 C 

 
- 

 
Figures sharing same letters do not differ significantly at 0.05 level of probability 

 

LSD for sowing dates:     0.047 

LSD for physiological strategies:    0.034 
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4.3.1.15 Biological yield (Mg ha-1) 

  The higher production of biomass per unit area is first requisite for achieving 

higher grain yield potentials which inturn depends upon net photosynthetic activity. The 

biological yield of determinates is a good indicator of grain yield. The production of total 

biomass and its distribution into sink (grain) is a matter of great concern. A perusal of the 

data shows (Table 4.3.1.15) indicated that optimum planting dates produced the more 

biological yield of 15.460 Mg ha-1 than both early and late planting dates which yielded 

the 14.490 and 13.340 Mg ha-1, respectively.  

  As regards, various physiological applications significantly increased the 

biological yield. Foliar application of H2O2 (20 m L L-1)   produced the highest biological 

yield (14.780 Mg ha-1) which was statistically at par with grain yield of 14.670, 14.610, 

14.590, 14.580 and 14.500 Mg ha-1 produced with seed priming of H2O2, foliar 

application of SA, priming with SA, priming and foliar application of AsA, respectively.  

While minimum biological yield of 13.290 Mg ha-1 was produced in control plot. 

Interaction of both factors was found significant. Maximum bilogical yield of 15.930 Mg 

ha-1 was produced when maize was sown on 22nd of February and H2O2 was applied as 

foliar spray which was statistically similar with 15.740, 15.700, 15.450, 15.350 and 

15.300 Mg ha-1 grain yield obtained when crop was planted on same date but foliar 

application of H2O2, seed primed with H2O2 ,foliar application of  SA, seed primed with 

SA, of AsA, seed primed with SA and foliar spray AsA, respectively. 

4.3.1.16 Grain yield (Mg ha-1) 

  The final grain yield of crop is a function of cumulative contribution of its 

components which are affected by various management practices and environmental 

conditions. Crop sown on 22nd February, 2008 produced significantly the highest grain 

yield of 5.050 Mg ha-1 where as crop sown on 15th March, 2008 produced while 

minimum grain yield of 4.150 Mg ha-1  (Table 4.3.1.16).  

Physiological strategies significantly increased the grain yield. Foliar spray of 

H2O2 (20 mL L-1) gave significantly the maximum grain yield of 4.780 Mg ha-1 which 

was statistically at par with grain yield of 4.740, 4.730, 4.730, 4.720 and 4.680 Mg ha-1 

by application of with pre-soaked seeds with AsA (20 mg L-1), either seed primed or 

foliar spray of SA (20 mg L-1), pre-sowing seed treatment of H2O2 (20 mL L-1) and foliar 
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spray with AsA, respectively. Where as control produced the minimum grain yield of 

4.140 Mg ha-1.The interaction of sowing dates and physiological enhancement was not 

significant. 

4.3.1.17 Stover yield (Mg ha-1) 

Planting dates affected significantly the stover yield (Table 4.3.1.17). Maximum 

stover yield (9.880 Mg ha-1) was produced when late sown on 15th March which was 

significantly differed from stover yield (9.750 and 9.740 Mg ha-1) produced when maize 

planted on 22nd February and 1st February, respectively.     

Different physiological application increased stover yield over control. Although 

maximum and statistically similar stover yield 10.010, 9.960, 9.880, 9.860, 9.840 and 

9.820 Mg ha-1 were produced with foliar spray and seed treatment with H2O2 (20 mL L-

1), foliar spray of SA, seed treatment of SA, seed treatment of AsA and foliar application 

of AsA, respectively. Control produced the minimum of 9.15 Mg ha-1. Interaction of both 

factors was not significant. 

4.3.1.18 Harvest index (%) 

The physiological ability to convert dry matter into grain yield is called harvest 

index (HI) value. Data (Table 4.4.1.18) indicated different sowing dates affected 

significantly HI.  Maize hybrid sown on 22nd February and 1st February gave maximum 

and similar HI of 32.400 and 32.170, respectively. Planting of maize on 15th March gave 

31.080 of minimum HI.  

  All physiological enhancement partitioned greater part of biological yield into its 

grain yield than control. Foliar application of AsA before tasselling gave the highest HI 

(32.46%) which was statistically similar with 32.360, 32.350, 32.270, 32.260 and 32.110 

of HI which was obtained with seed priming with SA, foliar application of SA, AsA and 

H2O2 and seed priming with H2O2, respectively. The control plots without gave lowest 

(30.680 %) HI. HI was not affected significantly by the interaction of both factors. 

4.3.1.19 Plants m-2 at harvest 

  Plants stand per unit area is a key factor of yield. Yield of a crop is the result of 

final plant population which depends on seedling emergence and survival resulted into 

optimum crop stand is essential to get maximum yield. The data indicated that sowing 

dates affected plant stand at harvest (Table 4.3.1.19). Maximum and statistically similar 
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plants stand of 10.240 and 10.000 were observed when maize hybrid planted on 22nd 

February and 1st February, respectively. While maize hybrid grown on 15th March 

produced minimum of 9.480 plants per square meter.  

Physiological strategies of seed priming and foliar application significantly 

affected plants m-2. Maximum plant stand of 10.440 plants per square meter were counted 

in plot where seeds were primed with AsA and statistically at par those of 10.220 and 

10.110 plants per square meter were ripened with seed priming of SA and H2O2, 

respectively. The interaction between two factors found non-significant. 

4.3.1.20 Cobs per plant 

  It is inferred that cob number is an important yield determinant which has a 

positive association with grain yield (Ahmad, 2008). Data (Table 4.3.1.20) indicated that 

sowing date affected the cobs plant-1 significantly. Maximum cobs plant-1 of 1.340 was 

produced when maize hybrid sown on 22nd February while minimum of 1.190 cobs plant-

1 on 1st February.  

As regards different physiological application of foliar spray and seed priming did 

not affected significantly cob number. The interaction of sowing dates and physiological 

enhancement was found non-significant. 

4.3.1.21 Grain rows per cob 

  Grain rows cob-1 is an important yield determinant. A perusal of data (Table 

4.3.1.21) indicated that planting dates caused significant difference in grain rows cob-1. 

Plant established on 15th March (late) produced higher grain rows cob-1 of 27.900, while 

the early sown on 1st February obtained lowest grain rows (27.520). 

Grain rows cob-1 was increased significantly by various physiological strategies. 

All physiological enhancement application better than control. Seed priming of SA 

produced the higher grain rows cob-1 (28.560) where as, control produced the lowest 

grain rows cob-1 (26.000). Both seed priming and foliar application of SA, AsA and 

H2O2. Interactive effects of sowing dates and physiological enhancement on grain rows 

cob-1 were found non-significant. 
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Table 4.3.1.15 Biological yield (Mg ha-1) of spring maize as influenced by            

different sowing dates and physiological strategies. 

 

 
 

Physiological strategies 

Sowing dates 
 

 
 
 

Means 
 
1stFebruary

 
22nd 
February 

 
15th March 

 
Control 

 

 
12.900 ef 

 
14.920 bc  

 
12.280 f 

 
13.290 B 

Seed priming  with 20 mg 
L-1 of  ascorbic acid 

 
14.61o c 

 
15.350 abc 

 
13.780 d 

 
14.580 A 

Foliar spray of 20 mg L-1 of 
ascorbic acid 

 
14.75o bc 

 
15.300 abc 

 
13.460 de 

 
14.500 A 

Seed priming with 20 mg L-

1 of salicylic acid 
 

14.667 c 
 

15.450 ab 
 

13.640 de 
 

14.590 A 

Foliar spray of 20 mg L-1  of 
salicylic acid 

 
14.720 bc 

 
15.700 a 

 
13.400 de 

 
15.610 A 

Seed priming with 20 mL 
L-1  of hydrogen peroxide 
 

 
14.860 bc 

 
15.740 a 

 
13.420 de 

 
14.667 A 

Foliar spray of 20 mL L-1  
of hydrogen peroxide 
 

 
14.920 bc 

 
15.930 a 

 
13.500 de 

 
14.780 A 

 
Means 

 
14.490 B 

 
15.460 A 

 
13.360 C 

 

 
- 

 
Figures sharing same letters do not differ significantly at 0.05 level of probability. 

 

LSD for sowing dates:     0.263 

LSD for physiological strategies:    0.436 

LSD for interaction of both factors:    0.745   
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Table 4.3.1.16 Grain yield (Mg ha-1) of spring maize as influenced by different 

sowing dates and physiological strategies. 

 
 
 

Physiological strategies 

Sowing dates 
 

 
 
 

Means 
 
1stFebruary

 
22nd 
February 

 
15th March 

 
Control 

 

 
3.940  

 
4.850 

  

 
3.630  

 

 
4.140 B 

Seed priming  with 20 mg 
L-1 of  ascorbic acid 

 
4.870  

 
5.040 

 

 
4.300 

  

 
4.740 A 

Foliar spray of 20 mg L-1 
of ascorbic acid 

 
4.850  

 
4.990 

 

 
4.210  

 

 
4.680 A 

Seed priming with 20 mg 
L-1 of salicylic acid 

 
4.860  

 
5.050 

 

 
4.270 

  

 
4.730 A 

Foliar spray of 20 mg L-1  

of salicylic acid 
 

4.900 
 

5.100 
 

 
4.190 

  

 
4.730 A 

Seed priming with 20 mL 
L-1  of hydrogen peroxide 
 

 
4.830  

 
5.100 

 

 
4.220 

  

 
4.720 A 

Foliar spray of 20 mL L-1  
of hydrogen peroxide 

 
4.880  

 
5.200  

 
4.250 

  

 
4.780 A 

 
Means 

 
4.730 B 

 

 
5.050 A 

 
4.150 C 

 
- 

 
Figures sharing same letters do not differ significantly at 0.05 level of probability. 

 

LSD for sowing dates:     0.113 

LSD for physiological strategies:    0.144 
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Table 4.3.1.17 Stover yield (Mg ha-1) of spring maize as influenced by different 

sowing dates and physiological strategies. 

 
 
 

Physiological  strategies 

Sowing dates 
 

 
 
 

Means 
 
1stFebruary

 
22nd 
February 

 
15th March 

 
Control 

 

 
8.960 gh 

 
9.850 de 

 
8.640 h 

 
9.150 B 

Seed priming  with 20 mg 
L-1 of  ascorbic acid 

 
9.740 def 

 
10.310 ab 

 
9.480 efg 

 
9.840 A 

Foliar spray of 20 mg L-1 of 
ascorbic acid 

 
9.900 bcde 

 
10.310 ab 

 
9.250 fg 

 
9.820 A 

Seed priming with 20 mg L-

1 of salicylic acid 
 

9.810 cde 
 

10.400 ab 
 

9.380 efg 
 

9.860 A 

Foliar spray of 20 mg L-1  of 
salicylic acid 

 
9.820 cde 

 
10.610 a 

 
9.210 fg 

 
9.880 A 

Seed priming with 20 mL 
L-1  of hydrogen peroxide 
 

 
10.030 bcd 

 
10.640 a 

 
9.210 fg 

 
9.960 A 

Foliar spray of 20 mL L-1  
of hydrogen peroxide 
 

 
10.040 bcd 

 
10.730 a 

 
9.250 fg 

 
10.010 A 

 
Means 

 
9.750 B 

 
9.740 B 

 
9.880 A 

 

 
- 

 
Figures sharing same letters do not differ significantly at 0.05 level of probability. 

 

LSD for sowing dates:     0.076 

LSD for physiological strategies:    0.311 

LSD for interaction of both factors:    0.539 
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Table 4.3.1.18 Harvest index (%) of spring maize as influenced by different sowing 

dates and physiological strategies. 

 

 
 

Physiological  strategies 

Sowing dates 
 

 
 
 

Means 
 
1stFebruary

 
22nd 
February 

 
15th March 

 
Control 

 

 
30.540 

 
32.990 

 
29.570 

 
31.040 B 

Seed priming  with 20 mg 
L-1 of  ascorbic acid 

 
32.350 

 
32.840 

 
31.190 

 
32.460 A 

Foliar spray of 20 mg L-1 of 
ascorbic acid 

 
32.860 

 
32.620 

 
31.300 

 
32.260 A 

Seed priming with 20 mg L-

1 of salicylic acid 
 

33.120 
 

32.690 
 

31.270 
 

32.360 A 

Foliar spray of 20 mg L-1  of 
salicylic acid 

 
33.260 

 

 
32.480 

 
31.300 

 
32.350 A 

Seed priming with 20 mL 
L-1  of hydrogen peroxide 
 

 
32.500 

 
32.410 

 
31.430 

 
32.110 A 

Foliar spray of 20 mL L-1  
of hydrogen peroxide 
 

 
32.710 

 
32.710 

 
31.480 

 
32.270 A 

 
Means 

 
32.620 A 

 
32.670 A 

 
31.080 B 

 

 
- 

 
Figures sharing same letters do not differ significantly at 0.05 level of probability. 

 

LSD for sowing dates:     0.613 

LSD for physiological strategies:    0.441 
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Table: 4.3.1.19 Plants m-2 at harvest of spring maize as influenced by different 

sowing dates and physiological strategies. 

 
 
 

Physiological strategies 

Sowing dates 
 

 
 
 

Means 
 
1stFebruary

 
22nd 
February 

 
15th March 

 
Control 

 

 
8.330  

 
9.667 

 
10.000 

 
9.333 D 

Seed priming  with 20 mg 
L-1 of  ascorbic acid 

 
10.000 

 
10.667 

 

 
10.667 

 

 
10.440 A 

Foliar spray of 20 mg L-1 of 
ascorbic acid 

 
9.333 

 
10.333 

 

 
10.333 

 

 
10.000 
ABC 

Seed priming with 20 mg L-

1 of salicylic acid 
 

10.000 
 

10.333 
 

 
10.333 

 

 
10.220 A 

Foliar spray of 20 mg L-1  of 
salicylic acid 

 
9.333 

 
9.667 

 

 
10.000 

 

 
9.667 
BCD 

Seed priming with 20 mL 
L-1  of hydrogen peroxide 
 

 
10.000 

 
10.000 

 

 
10.333 

 

 
10.110 

AB 
Foliar spray of 20 mL L-1  
of hydrogen peroxide 
 

 
9.333 

 
9.333 

 

 
10.000 

 

 
9.560 CD 

 
Means 

 
9.480 B 

 
10.000 A 

 
10.240 A 

 

 
- 

 
Figures sharing same letters do not differ significantly at 0.05 level of probability. 

 
LSD for sowing dates:     0.296 

LSD for physiological strategies:    0.514 
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Table 4.3.1.20 Cobs per plant of spring maize as influenced by different sowing 

dates and physiological strategies. 

 
 
 

Physiological  strategies 

Sowing dates 
 

 
 
 

Means 
 
1stFebruary

 
22nd 
February 

 
15th March 

 
Control 

 

 
1.000 

 
1.270  

 
1.260 

 
1. 180 C 

Seed priming  with 20 mg 
L-1 of  ascorbic acid 

 
1.130 

 
1.367 

 
1.310 

 
1.270 B 

Foliar spray of 20 mg L-1 
of ascorbic acid 

 
1.230 

 
1.333 

 
1.290 

 
1.280 AB 

Seed priming with 20 mg 
L-1 of salicylic acid 

 
1.240 

 
1.360 

 
1.300 

 

 
1.300 AB 

Foliar spray of 20 mg L-1  

of salicylic acid 
 

1.240 
 

1.320 
 

1.290 
 

1.280 AB 

Seed priming with 20 mL 
L-1  of hydrogen peroxide 
 

 
1.230 

 
1.410 

 
1.300 

 
1.310 A 

Foliar spray of 20 mL L-1  
of hydrogen peroxide 
 

 
1.250 

 
1.350 

 
1.320 

 
1.310 A 

 
Means 

 
1.190 B 

 
1.340 A 

 
1.300 A 

 
 

 
- 

 
Figures sharing same letters do not differ significantly at 0.05 level of probability. 

 

LSD for sowing dates:     0.053 

LSD for physiological strategies:    0.032 
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4.3.1.22 Grains per cob 

  Grains per cob are another important factor that directly imparts in exploiting 

potential and strongly positively correlated with grains yield (Ahmad, 2008). The data in 

table (4.3.1.22) indicated that the grains number was significantly affected by planting 

dates. Optimum sown maize produced more grains cob-1 as compared early and late 

planting date obtained.  

Various physiological strategies significantly improved grains per cob. Maximum 

and statistically similar number of grains cob-1 of 453.667 and 450.170 were produced by 

foliar application and seed priming with H2O2. All other physiological application 

produced more grains cob-1 than control. Control yielded minimum grains cob-1 of 

396.667. The interaction of both factors found non-significant effect on grains cob-1.  

4.3.1.23 100-Grain weight (g) 

  100-grain weight is an important yield determinant was positively correlated with 

grain yield (Ahmad, 2008). The data (Table 4.3.1.23) revealed sowing dates caused 

significant difference in 100-grain weight. Optimum sown crop produced the the higher 

hundred grain mass than early and sown.  

100-grain weight was affected significantly by various physiological straegies. 

Exogenous application of SA (20 mg L-1) produced the heaviest 100-grain (28.140 g) 

weight where as, control produced lightest 100-grain (27.320 g) weight. All physiological 

application produced better than control. Both seed priming and foliar application of SA, 

AsA and H2O2. Interactive effects of sowing dates and K levels on 100-grain weight were 

found non-significant. 

4.3.1.24 Grain protein content (%) 

 Data on grain protein content was presented (Table 4.3.1.24) as influenced by 

different sowing dates and physiological enhancement. Crude protein content in grains 

significantly differed in maize hybrids when on different dates. Early (1st February) and 

mid (22nd February) sown crop produced statistically similar crude protein contents in 

grains (7.930 %) but greater than produced of 7.830 under late sown on 15th March.  

Physiological enhancement application significantly increased crude grain protein 

contents. Maximum crude protein content in grains was recorded in (7.980 %), with 

exogenous application of AsA. Minimum of 7.820 % crude grain protein. Interactive 
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effects between hybrid maize sowing dates and physiological enhancement strategies on 

crude protein content in grains were, however, found significant.  

4.3.1.25 Grain Oil contents (%)  

Data on grain oil contents are presented (Table 4.3.1.25) which showed that grain 

crude oil content was significantly affected by different sowing dates. Maximum grain oil 

content of 4.350 % was produced when crop was late sown on 15th March. Minimum 

grain oil content of 4.080 % was recorded when early crop was sown on 1st February. 

Seeds primed with ascorbic acid produced higher grain oil contents when was sown on 

15th March wheras the lowest grain oil contents in maize was determined with or without  

physiological strategies at early sown conditions. 

4.3.1.26 Stover Nitrogen content (%) 

  The data pertaining to stover nitrogen content (%) presented in table (4.4.1.26). 

Sowing dates significantly affected the stover N contents. Maximum of 0.850 was 

observed when crop sown on 22nd February where as minimum of 0.590 in stover of 

sown on 15th March. Physiological enhancement significantly increased N contents in 

stover of maize crop. Maximum and same N contents of 0.750 in stover of maize were 

obtained with seed priming with H2O2 and foliar application of SA, respectively. All 

physiological strategies application improved stover N contents at early and optimum but 

not late sown condition.  

4.3.127 Stover Phosphorus contents (%) 

  The data pertaining to phosphorus (%) content in maize stover was affected 

significantly by different sowing dates. Maximum of 0.059 of phosphorus contents in 

stover was observed when maize planted on 22nd February while minimum of 0.051 in 

D3 sown on 15th March. As regards the physiological enhancement strategy application 

influenced the stover phosphorus contents (%) significantly. Maximum of 0.058 % were 

observed with physiological enhancement application of exogenous application of SA. 

Whereas control gave minimum (0.052 %) P content.  
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Table 4.3.1.21 Grains rows cob-1 of spring maize as influenced by different sowing 

dates and physiological strategies. 

 
 
 

Physiological strategies 

Sowing dates 
 

 
 
 

Means 
 
1stFebruary

 
22nd 
February 

 
15th March 

 
Control 

 

 
25.667  

 
27.000 

 
25.300  

 
26.000 D 

Seed priming  with 20 mg 
L-1 of  ascorbic acid 

 
27.667 

 
29.667 

 
27.333 

 
28.220 

AB 
Foliar spray of 20 mg L-1 of 
ascorbic acid 

 
27.333 

 
28.870 

 
27.000 

 
27.730 

BC 

Seed priming with 20 mg L-

1 of salicylic acid 
 

28.000 
 

30.000 
 

28.130 
 

28.560 A 

Foliar spray of 20 mg L-1  of 
salicylic acid 

 
26.000 

 

 
28.000 

 
27.600 

 
27.000 C 

Seed priming with 20 mL 
L-1  of hydrogen peroxide 
 

 
28.000 

 

 
29.000 

 
28.370 

 
28.333 A 

Foliar spray of 20 mL L-1  
of hydrogen peroxide 
 

 
26.500 

 

 
28.500 

 
27.667 

 
27.560 

BC 
 
Means 

 
27.520 B 

 
27.710 AB 

 
27.900 A 

 

 
- 

 
Figures sharing same letters do not differ significantly at 0.05 level of probability. 

 

LSD for sowing dates:     0.399 

LSD for physiological strategies:    0.630 
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Table: 4.3.1.22 Grains per cob of spring maize as influenced by different sowing 

dates and physiological strategies. 

 
 
 

Physiological  strategies 

Sowing dates 
 

 
 
 

Means 
 
1stFebruary

 
22nd 
February 

 
15th March 

 
Control 

 

 
412.333 

 
428.000 

 
349.667 

 
396.667 D

Seed priming  with 20 mg 
L-1 of  ascorbic acid 

 
442.000 

 

 
487.000 

 
369.667 

 
432.890 

BC 
Foliar spray of 20 mg L-1 of 
ascorbic acid 

 
441.000 

 

 
482.500 

 
380.333 

 
434.610 

BC 
Seed priming with 20 mg L-

1 of salicylic acid 
 

442.667 
 

 
474.333 

 
393.333 

 
436.780 C

Foliar spray of 20 mg L-1  of 
salicylic acid 

 
426.000 

 
484.667 

 
376.667 

 
429.110 C

Seed priming with 20 mL 
L-1  of hydrogen peroxide 
 

 
472.000 

 

 
491.000 

 

 
387.500 

 
450.170 A

Foliar spray of 20 mL L-1  
of hydrogen peroxide 
 

 
484.000 

 

 
490.667 

 
386.333 

 
453.667 A 

 
Means 

 
445.710 B 

 
476.880 A 

 
375.070 C 

 

 
- 

 
Figures sharing same letters do not differ significantly at 0.05 level of probability. 

 
LSD for sowing dates:     6.194 

LSD for physiological strategies:    10.467 

 

 

 



 128 
 

Table 4.3.1.23 100-grain weight (g) of spring maize as influenced by different sowing 

dates and physiological strategies. 

 
 
 

Physiological  strategies 

Sowing dates 
 

 
 
 

Means 
 
1stFebruary

 
22nd 
February 

 
15th March 

 
Control 

 

 
28.500  

 
27.950 

 
25.520 

 
27.320 C 

Seed priming  with 20 mg 
L-1 of  ascorbic acid 

 
28.980 

 
28.520 

 
26.410 

 
27.970 

AB 
Foliar spray of 20 mg L-1 
of ascorbic acid 

 
28.770 

 

 
29.060 

 
26.600 

 
28.140 A 

Seed priming with 20 mg 
L-1 of salicylic acid 

 
28.870 

 

 
29.280 

 
26.260 

 
28.140 

AB 

Foliar spray of 20 mg L-1  

of salicylic acid 
 

28.800 
 

 
28.900 

 
26.680 

 
28.130 

AB 
Seed priming with 20 mL 
L-1  of hydrogen peroxide 
 

 
28.460 

 

 
28.760 

 
26.270 

 
27.830 B 

Foliar spray of 20 mL L-1  
of hydrogen peroxide 
 

 
28.430 

 

 
28.910 

 
26.750 

 
28.030 

AB 
 
Means 

 
28.690 A 

 
28.770 A 

 

 
26.350 B 

 
- 

 
Figures sharing same letters do not differ significantly at 0.05 level of probability. 

 

LSD for sowing dates:     0.509   

  LSD for physiological strategies:    0.532   
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Table 4.3.1.24 Grain protein contents (%) of spring maize as influenced by            

different sowing dates and physiological strategies. 

 

 
 

Physiological enhancement 
strategies 

Sowing dates 
 

 
 
 

Means 
 
1stFebruary

 
22nd 
February 

 
15th March 

 
Control 

 

 
7.850 d 

 
7.840 d 

 
8.060 b 

 
7.920 BC 

Seed priming  with 20 mg 
L-1 of  ascorbic acid 

 
8.040 b 

 

 
7.890 c 

 
7.640 e 

 
7.860 DE 

Foliar spray of 20 mg L-1 of 
ascorbic acid 

 
8.250 a 

 
7.850 d 

 
7.840 d 

 
7.980 A 

Seed priming with 20 mg L-

1 of salicylic acid 
 

7.720 e 
 

8.040 b 
 

 
7.890 cd 

 
7.880 CD 

Foliar spray of 20 mg L-1  of 
salicylic acid 

 
7.940 c 

 
8.250 a 

 

 
7.640 e 

 
7.940 AB 

Seed priming with 20 mL 
L-1  of hydrogen peroxide 
 

 
8.060 b 

 
7.720 e 

 

 
7.840 d 

 
7.870 CD 

Foliar spray of 20 mL L-1  
of hydrogen peroxide 
 

 
7.640 e 

 
7.940 c 

 

 
7.860 c 

 
7.820 E 

 
Means 

 
7.930 A 

 
7.930 A 

 
7.830 B 

 

 
- 

 
Figures sharing same letters do not differ significantly at 0.05 level of probability. 

 

LSD for sowing dates:     0.037 

LSD for physiological strategies:    0.051 

LSD for interaction of both factors:    0.090 
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Table 4.3.1.25 Grain oil contents (%) of spring maize as influenced by            

different sowing dates and physiological strategies. 

 
 

 
Physiological strategies 

Sowing dates 
 

 
 
 

Means 
 
1stFebruary

 
22nd 
February 

 
15th March 

 
Control 

 

 
4.050 g 

 
4.280 def  

 
4.320 bcde  

 
4.220 B 

Seed priming  with 20 mg 
L-1 of  ascorbic acid 

 
4.070 g 

 
4.320 bcde 

 

 
4.410 a 

 
4.270 A 

Foliar spray of 20 mg L-1 of 
ascorbic acid 

 
4.070 g 

 
4.280 def 

 

 
4.350 abc 

 
4.230 AB 

Seed priming with 20 mg L-

1 of salicylic acid 
 

4.110 g 
 

4.260 ef 
 

 
4.370 ab 

 
4.250 AB 

Foliar spray of 20 mg L-1  of 
salicylic acid 

 
4.090 g 

 
4.250 f 

 

 
4.370 ab 

 
4.240 AB 

Seed priming with 20 mL 
L-1  of hydrogen peroxide 
 

 
4.100 g 

 
4.290 cdef 

 

 
4.340 bcd 

 
4.250 AB 

Foliar spray of 20 mL L-1  
of hydrogen peroxide 
 

 
4.090 g 

 
4.260 ef 

 

 
4.320 bcde 

 
4.220 B 

 
Means 

 
4.080 C 

 
4.280 B 

 
4.350 A 

 

 
- 

 
Figures sharing same letters do not differ significantly at 0.05 level of probability 

 

LSD for sowing dates:     0.024 

LSD for physiological strategies:    0.038 

LSD for interaction of both factors:    0.065 

 



 131 
 

Table 4.3.1.26 Stover nitrogen contents of spring maize as influenced by            

different sowing dates and physiological strategies. 

 
 
 

Physiological strategies 

Sowing dates 
 

 
 
 

Means 
 
1stFebruary

 
22nd 
February 

 
15th March 

 
Control 

 

 
0.670 g 

 
0.820 cd  

 
0.560 j  

 
0.680 C 

Seed priming  with 20 mg 
L-1 of  ascorbic acid 

 
0.700 f 

 

 
0.850 b 

 
0.580 i 

 
0.710 B 

Foliar spray of 20 mg L-1 
of ascorbic acid 

 
0.740 e 

 

 
0.880 a 

 
0.620 h 

 
0.750 A 

Seed priming with 20 mg 
L-1 of salicylic acid 

 
0.690 fg 

 

 
0.840 bc 

 
0.570 ij 

 
0.700 BC 

Foliar spray of 20 mg L-1  

of salicylic acid 
 

0.700 f 
 

 
0.840 bc 

 
0.590 i 

 
0.710 B 

Seed priming with 20 mL 
L-1  of hydrogen peroxide 
 

 
0.740 e 

 

 
0.890 a 

 
0.630 h 

 
0.750 A 

Foliar spray of 20 mL L-1  
of hydrogen peroxide 
 

 
0.700 f 

 

 
0.800 d 

 
0.560 j 

 
0.690 C 

 
Means 

 
0.710 b 

 
0.850 A 

 
0.590 C 

 

 
- 

 
Figures sharing same letters do not differ significantly at 0.05 level of probability. 

 

LSD for sowing dates:     0.015 

LSD for physiological strategies:    0.014 

LSD for interaction of both factors:    0.027 
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Table 4.3.1.27 Stover phosphorus contents of spring maize as influenced by            

different sowing dates and physiological strategies. 

 

 
 

Physiological strategies 

Sowing dates 
 

 
 
 

Means 
 
1stFebruary

 
22nd 
February 

 
15th March 

 
Control 

 

 
0.050 

 
0.057 

 
0.048 

 
0.052 C 

Seed priming  with 20 mg 
L-1 of  ascorbic acid 

 
0.056 

 
0.059 

 

 
0.051 

 
0.056 AB 

Foliar spray of 20 mg L-1 
of ascorbic acid 

 
0.055 

 
0.060 

 

 
0.054 

 
0.056 AB 

Seed priming with 20 mg 
L-1 of salicylic acid 

 
0.057 

 
0.059 

 

 
0.049 

 
0.055 B 

Foliar spray of 20 mg L-1  

of salicylic acid 
 

0.059 
 

0.060 
 

 
0.055 

 
0.058 A 

Seed priming with 20 mL 
L-1  of hydrogen peroxide 
 

 
0.060 

 
0.059 

 

 
0.050 

 
0.056 AB 

Foliar spray of 20 mL L-1  
of hydrogen peroxide 
 

 
0.061 

 
0.060 

 

 
0.051 

 
0.057 AB 

 
Means 

 
0.057 A 

 
0.059 A 

 
0.051 B 

 

 
- 

 
Figures sharing same letters do not differ significantly at 0.05 level of probability. 

 

LSD for sowing dates:     0.003 

LSD for physiological strategies:    0.003 
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Table 4.3.1.28 Stover potassium contents of of spring maize as influenced by            

different sowing dates and physiological strategies. 

 

 
 
 

Physiological strategies 

Sowing dates 
 

 
 
 

Means 
 
1stFebruary

 
22nd 
February 

 
15th March 

 
Control 

 

 
1.580 g 

 
1.590 g 

 
1.320 i 

 
1.500 E 

Seed priming  with 20 mg 
L-1 of  ascorbic acid 

 
1.710 def 

 
1.750 cdef 

 
1.380 h 

 

 
1.610 D 

Foliar spray of 20 mg L-1 
of ascorbic acid 

 
1.810 bc 

 
1.910 a 

 

 
1.420 h 

 

 
1.720 A 

Seed priming with 20 mg 
L-1 of salicylic acid 

 
1.690 f 

 
1.850 ab  

 
1.450 h 

 

 
1.660 BC 

Foliar spray of 20 mg L-1  

of salicylic acid 
 

1.690 f 
 

1.790 bcd 
 

 
1.370 h 

 

 
1.620 CD 

Seed priming with 20 mL 
L-1  of hydrogen peroxide 
 

 
1.790 bcd 

 
1.810 bc 

 

 
1.420 h 

 
1.667 AB 

Foliar spray of 20 mL L-1  
of hydrogen peroxide 
 

 
1.700 ef 

 
1.870 ab 

 

 
1.380 hi 

 
1.650 BCD 

 
Means 

 
1.710 B 

 
1.790 A 

 
1.390 C 

 

 
- 

 
Figures sharing same letters do not differ significantly at 0.05 level of probability. 

 

LSD for sowing dates:     0.038 

LSD for physiological strategies:    0.050 

LSD for interaction of both factors:    0.088 
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4.3.1.28 Stover Potassium contents (%) 

  The data collected for K+ contents in stover are presented in Table (4.3.1.28). 

Statistically analysis of data revealed that K+ contents in stover were affected 

significantly by planting dates. The means of values sowing dates showed that the 

maximum of 1.790 % when crop sown on 22nd February, which is statistically similar to 

1.710 % K contents in stover when sown on 1st February. Minimum (1.390 %) K contents 

were recorded in maize sown on 15th March. Interaction of both factors was not 

significantly influenced K % age in maize stover. 

4.3.2 Discussion  

The yield potential of spring maize is higher than autumn maize but high 

temperature at anthesis stage is one of the main limitations of spring’s sown especially 

under late sown conditions. Maize is sensitive to both low (Rodriguez et al., 2007) and 

high (Cheikh and Jones, 1994) temperatures. Amongst approaches used to reduced 

abiotic stress-induced damage in maize crop have been suggested by different scientists, 

which include crop management practices like early sowing (Rodriguez et al., 2007) and 

exogenous application of some organic compounds (Ashraf and Foolad, 2005) is 

considered to be an alternative, easy and cost effective approach to induce abiotic stresses 

tolerance in plants. Earlier planting tends to place the tasselling and silking period ahead 

of the greatest risk of high temperature period but low temperature during early sowing 

causes poor, and slow crop establishment. Different compounds like, ascorbic acid 

(AsA), salicylic acid (SA) and low concentration of hydrogen peroxide (H2O2) are more 

important to having their promotive role in plant growth and development in addition to 

antioxidants capacity (Barth et al., 2004; Pavet et al., 2005). On the basis of some earlier 

reports, it was hypothesized that exogenous application of AsA, SA and H2O2 either seed 

priming or foliar application can induce abiotic stress tolerance in plants. In present study 

AsA, SA and H2O2 were applied through seed priming or foliar application could 

alleviate of chilling and high temperature induced  damage during early sown and late 

spring  sown maize.   

Rapid and uniform crop emergence is essential for a good crop stand which is a 

mean for effective utilization of resources resulted into higher yield (Nefziger et al., 

1991). Slow stand establishment in early sowing spring maize compared optimum and 
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late sown conditions (Table 4.3.1.1 and Fig. 4.3.1.1). Delayed emergence in early sowing 

(1st February) was linked with low temperature during germination and early stage 

(Appendix-4.3.1). The delayed emergence under cold conditions of soil before 

emergence leading to poor stand establishment (Shaw, 1977).  

Priming strategies reduced days to 50 % emergence at early sown condition of 

low temperature (Table 4.3.3.1). Rapidity of emergence of primed seeds with AsA, 

SA and H2O2 in present study might be due to priming offered some protection against 

cold conditions. Seed primed with H2O2 and ascorbic acid is more effective than 

salicylic acid during early sown condition (Table 4.3.1.1). These results supported by 

earlier who reported that earlier emergence when seeds were primed with H2O2 in 

wheat under salinity (Wahid et al., 2007b) and priming with SA under cold condition 

in maize (Janda et al, 1999; Farooq et al., 2008c). Moreover, Ajouri et al. (2004) also 

reported that priming may induc seed metabolic and enzymatic activities which resulted 

in earlier emergence. Farooq et al. (2008c) and Kaydan et al. (2007) also reported that 

pre-soaked seed with SA improved emergence in maize and wheat, respetively. 

Appearance of tasseling and silking is considered a shift from vegetative to 

reproductive stage of crop development. The early appearance of tasseling and silking 

before on set of high temperature especially during late sown spring maize required to get 

rid of the pollen viability, sterility and desiccation which lead to better pollination, 

fertilization and grain formation for obtaining maximum yield potential. Early tasselling 

and silking with delayed sowing was observed in the present study (Table 4.3.1.2-3) may 

associated with rise in temperature. Khan et al., (2002) also found that earlier appearance 

of flowering with delyed planting and vice versa.  

The physiological strategies of priming and foliar application significantly 

reduced days taken to tasselling, silking and physiological maturity. Earlier tasselling, 

silking and physiological maturity with application of AsA, SA and H2O2 either seed 

priming or foliar spray were observed in the present study (Table 4.3.1.2-4). Earlier 

switching off vegetative stage and initiation of reproductive stage may enhance the 

activities of enzymes involved in transition of vegetative to reproductive stage. These 

results were supported by Sharma et al. (1993) who also reported that primed seed with 

salicylic acid hastened floral initiation. 
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 Plant growth is an integrated and regulated physiological process which is 

affected by different factor and depends on photosynthesis. Optimum planting date was 

superior, followed by early planting whilst late planting lowest dry matter. In the present 

study, the increased in DMA at optimum planting might be associated with higher LAI 

and mean CGR, as indicated (Table 4.3.1.5-7 and Fig. 4.3.1.1-3). The lowest dry matter 

production was related with lower mean CGR and mean NAR during late sown 

conditions would be less net photosynthesis and more respiration (Table 4.3.1.5-7 and 

Fig. 4.3.1.1-3). More respiration was associated with higher temperature during its 

growth period.  

The physiological strategies increased the dry matter accumulation under different 

sowing dates at each harvest as shown (Fig, 4.3.1.1). This increase in dry matter 

production was linked with increase in LAI, period for which leaves remain persistently 

involved in photosynthesis, mean CGR and mean NAR (Table 4.3.1.5-9). Increased dry 

matter production in spring maize with application of AsA, SA and H2O2 as seed 

priming and foliar application strategy  might have a role in regulation of cell growth 

behaviors specifically cell enlargement, cell division and protecting cells from oxidative 

damage. Increased leaf area and chlorophyll contents in response to priming and foliar 

applicion of AsA, SA and H2O2 in the present study indicated that these strategies 

enhanced antioxidant defence system which may protect chlorophyll from oxidative 

damage resulting into increased leaf area and ultimately dry matter production. These 

results are in line with those of Vanacker et al. (2001) who stated that SA regulate of cell 

growth by affecting specifically cell division and expansion and protecting the cell struc-

ture (Kang et al., 2007). These results are supported by earlier like Kaydan et al., (2007) 

who also reported that priming increased total biomass as compared with control. SA has 

stimulating effects on growth of maize (Shehata et al., 2001) by improving enzymatic 

activities. Furthermore, ascorbic acid was more effective than salicylic treatments in 

increasing vegetative growth of wheat plants at reproduvtive stages (Khan, 2007). 

Chilling and high temperature promotes oxidative damage by increased 

production of ROS (Apel and Hirt, 2004). ROS damage the macromolecules like lipid, 

protein, nucleic acid and chlorophyll molecules (Apel and Hirt, 2004). Similarly, 

reduction in chlorophyll contents in chilled stress and heat stress were reported by Farooq 
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et al. (2008c).  The current results show that the plant defense mechaniry of of maize 

were so established to overcome / mitigate the adverse effects became antioxidant 

enzymes like SOD (catalyses the dismutation of O2 to H2O2) and CAT (scavenge the 

H2O2) activities of ear leaf of maize were higher in early and late sown spring maize than 

optimal sown crop while peroxidase (scavenge the H2O2) activity were higher only 

during late sown spring maize. Increase in antioxidant activities of SOD and CAT was 

observed in early sown maize.   

Different sowing dates influenced significantly the antioxidants like superoxide 

dismutase (catalyses the dismutation of O2 to H2O2), catalase and peroxidase (scavenge 

the H2O2) activities in ear leaf at tasselling stage (Table 4.3.1.10-12). If scavenging 

system against ROS is not sufficient, plant may become susceptible to oxidative damage 

(Pell and Dann, 1991). ROS in plants are removed by a variety scavenging antioxidant 

which is the most effective against oxidative damage (Halliwell and Gutteridge, 1999). 

Higher activities of SOD and CAT in plants pretreated with SA, the potential preventive 

exogenous effectors used in this study showed induced thermal tolerance and protection 

against oxidative damage (Larkindale and Knight, 2002). Salicylic acid plays an essential 

role in preventing oxidative damage in plants by detoxifying superoxide radicals (Bowler 

et al., 1992) and stabilizing trimers of heat shock transcription factors (Larkindale and 

Knight, 2002). Salicylic acid also involved in calicium signature (Kawano et al., 1998) 

and induces thermal tolerance (Larkindale and Knight, 2002). However, these results are 

in contrast to Dat et al. (2007) who reported that SA acts as potent inhibitor of haeme-

containing antioxidant enzymes such as CAT and APX and thus stimulate the ROS 

accumulation during various stresses.  

Photosynthetic efficiency of plants depends on Chlorophyll (a and b) which play 

an important role in light reaction of photosynthesis (Taiz and Zeiger, 2002). The 

interaction of physiological strategies and sowing significantly induced the Chl a and b 

by exogenous effectors and decreased (Chl a and b) under late sown conditions (Table 

4.3.1.12-13). The reduction in ear leaf chlorophyll content when sown on 15th March 

(late) spring maize was associated with early suboptimal and late associated with high 

temperature might be due to improvement in enzymatic antioxidants which either 

induced chlorophyll synthesis or reduced loss of chlorophyll degradation from oxidative 
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damage.  

Chloroplast is an organelle that has the highest antioxidative production due to 

presence of antioxidative system, which scavenges ROS and helps maintaining the 

integrity of photosynthetic membranes thereby minimizing oxidative damage (Noctor and 

Foyer, 1998). In view of results from the present study, it can be proposed that different 

physiological strategies induced increasing effects on photosynthetic pigments might 

have been due to its enhancement of physiological function under normal and stressful 

condition. Exogenously applied SA, AsA and H2O2 increased the photosynthetic 

pigments in maize (Khodary, 2004) and wheat (Khan et al., 2006; Wahid et al., 2007b), 

respectively. In view of all these reports and results from the present study, it can be 

proposed that physiological enhancement strategies induced increasing effects on 

photosynthetic pigments might have been due to its enhancement of physiological 

function under normal and stressful condition. In the present study, adverse effect of 

temperature stress on Chl was counteracted by AsA, SA and H2O2 application that may 

have been due to reduced degradation or increased biosynthesis of chlorophyll at 

different environmental conditions. These results are supported by earliers who also 

reported that exogenous application of SA (Kaydan et al., 2007) and AsA (Khan, 2007) 

induced Chl in wheat under salinty while H2O2 by its by signaling property activated the 

antioxidant defense systems which curtailed the oxidative damage under salinity (Perveen, 

2005). Exogenously applied SA decreased the electrolyte leakage under heat or cold 

stress (Wang and Li, 2006), which indicates that SA can induce intrinsic cold or heat 

tolerance by maintenance of relatively higher activities of antioxidants (Wang and Li, 

2006). On the other hand, applied antioxidants increased each of photosynthetic pigments 

in canola plant under soil salt stress during the two growing seasons (Sakr and Arafa, 

2009). 

Grain yield is the most important character in appraising crop yield in maize and 

depends on number of plants, grains per cob and grain weight. Physiological application 

increased grain yield of maize at different sowing dates (Table 4.3.1.16). Crop planted on 

optimum date (22nd February)  grain yield followed by earlier sown (1st February) 

alongwith application while minimum grain yield was observed in crops sown on 15th 

March with application physiological strategies of foliar application or seed priming bear 
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higher. Maximum grain yield was observed in optimum sowing dates might be due to 

more number of grains per cob and high grain weight under optimum planting.  

The lower yield observed in late planted can be attributed to reduction in grain 

number and size in the present study. Delayed sowings accompanied by high temperature 

at reproductive stage which decrease net photosynthesis and increased kernel abortion. 

These results are also supported by Otegui and Melon (1997), Khan et al. (2002), 

Berzsenyi and Lap (2005) and Namakka et al. (2008) who reported that delayed plantings 

are generally accompanied by increased temperatures during the growing season, which 

accelerate crop development and decrease accumulated solar radiation, resulting in less 

biomass production, kernel set and grain yield. However, Tanaka and Hara (1974) 

reported reduction in 1,000-seed weight as a result of decreased photosynthates 

traslucation to ripening seeds.  

From the results for grain yield and its components recorded in the present study, 

it could be suggested that reduction in grain yield  under early and late sown condition 

and improvement in grain yield by physiological strategies of AsA, SA and H2O2 either 

as seed primig or foliar application may have been due to change in plants m-2 (Grain 

yield vs plants per m-2, r = 0.9682),  grains (Grain yield vs number of grains per cob, r = 

0.8129) and grain weight (Grain yield vs 100-grain weight, r =  0.8405). In the present 

study, different physiological strategies of priming and foliar application of AsA, SA and 

H2O2 increased grains per cob, 100-grain weigh at different sowing dates.  

Similar reasons were reported by Sharma et al. (1993) who primed seed in SA 

and related increase yield to early floral initiation and pods per plant. The resulting 

improved stand establishment due to priming can reportedly increase drought tolerance 

and increase crop yield (Harris et al., 1999; Harris et al., 2000). The increase in yield of 

primed seed plots may be due to the fact that primed seed emerge faster and more 

uniformly and seedlings grow more vigorously, leading to a wide range of phenological 

and yield related benefits (Harris et al., 2000). The results agree with Harris et al. (1999) 

who reported that primed crops produced higher yields than non primed crops. These 

results are in conformity with Basra et al. (2003) and Harris et al. (2001a) who reported 

that seed priming increase grain yield. 
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Sowing date effect was evident for number of rows per cob and number of grains 

per cob due to more synchronous development between ears. Number of grain per ear 

was independent of floral development stage at silking, but was related to the rate of ear 

growth around silking. Otegui and Melon (1997) suggested that assimilate partitioning at 

reproductive stage to the ear is the most important for kernel set. Reduction in number 

grain and grain weight due to water stress can be related with reduced photosynthetic area 

as evident from leaf area index (LAI), which then resulted in reduced crop growth rate 

(CGR) recorded by imposing water stress particularly at reproductive stage (Table 

4.3.1.7). This also might be due to reduced turgor potential. Drought stress as result of 

high temperature at reproductive stage was found to be more damaging. It might be due 

to drought stress at anthesis increase the chance of pollen damage like sterlity, abortion 

and pollen fertilization in-compatiblity, which directly reduces the number of grain and 

grain yield. Drought stress also increases the ROS production (Alscher and Hess, 1993), 

which damage the biological membranes, DNA, lipids and proteins, also causes stomatal 

closure and decreases RuBP contents (Flexas and Medrano, 2002). Exogenous 

application of AsA either by seed priming or foliar application at tasselling improved 

grain number and 100-grain weight through increased the photosynthetic area (LAI) 

(Table 4.3.1.7) by maintained leaf turgor  potential under late sown conditions. SA 

application also improved grain number and grain weight increased LAI at late sown 

(Table 4.3.1.7). SA might act as signaling molecule to protect the photosynthetic 

machinery from ROS and also by increasing RuBP (Singh and Usha, 2003; Yang et al., 

2004). Exogenous application of H2O2 improved the 100-grain weight and grain number 

by photosynthetic area i.e. LAI   by maintaining turgor potential at different sowing dates 

(Table 4.3.1.7). H2O2 might have signaling molecule to protect the photosynthetic 

mmechanory.                  

The results are endorsed by Harris et al. (2001b) who reported that direct benefits 

of seed priming in crops include more vigorous plants, better drought tolerance, 

earlier flowering and higher grain yield. High-temperature stress is documented to 

have detrimental effects on plant growth (Warrington and Kanemasu, 1983) and 

events involved in the growth and development of reproductive organs, such as tassel 

initiation and time of flowering (Ellis et al., 1992), pollination and fertilization 
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(Dupuis and Dumas, 1990), pollen sterility (Saini and Aspinall, 1982) and rate and 

duration of endosperm cell division (Jones et al., 1985). In the present study increased in 

number of grains with application of physiological strategies at different sowing dates 

even reduced  These results are confirmed by  Mauromicale et al. (2000) who reported 

that plants produced from primed seed exhibited earlier flowering. Similar reasons were 

reported by Sharma et al. (1993) who primed seed in SA and related increase yield to 

early floral initiation, more flowers and pods plant-1.  

Although the decline in heat-stressed kernels development under heat stress by 

the exogenous application of AsA, SA and H2O2 also supports the hypothesis that these 

organic compounds play an important role in conferring kernel thermal tolerance during 

late sown (Table 4.3.1.20). The increased tolerance to heat stress induced by the 

exogenous effectors improves yield stability mainly by decreasing kernel abortion and by 

preventing large reductions in average kernel weight (Table 4.3.1.21). Therefore, when 

plants are exposed to heat stress, early in reproductive development kernels at these 

positions are not strong sinks relative to those on the rest of the ear and are thus more 

susceptible to heat stress. 

The induction of kernel thermotolerance by exogenous effectors may regulate 

kernel development in maize by determining sink capacity. This probably occurs by 

regulation of endosperm cell division and processes associated with amyloplast 

biogenesis.  Considering the possible role that AsA, SA and H2O2 play in siganaling in 

cell division and expansion detrimental effect of heat stress on kernel cytokinin levels 

and number of endosperm cells and starch granules, we conclude that these compounds 

may play a role in kernel development and thermal regulation of cytokinin metabolism is 

a principal mechanism by which heat stress disrupts kernel growth. 

Grain protein and oil contents were influenced by different sowing dates. 

Significant decrease in protein and oil contents was found in delayed sowing date when 

compared to optimum and date. Greater accumulation of crude protein content in grains 

due to physiological strategies might be the enzyme activation. In the present study, 

increased in grain protein contents of maize might be associated with increased in K+ 

uptake in straw as results of physiological stragies. It was obvious from our results that 

temperature at the grain filling stage had remarkable effects on rice protein contents. 
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With the temperature increasing, protein content increased (Zheng-Xum et al., 2005). 

High temperature promotes amino acids to move from culms and leaves to grain and 

grain protein synthesis, resulting in an increase in grain protein content.   

Maize grown whether for grain or silage has a high demand for nutrients, 

especially N, P and K (Birch et al., 2003). These are essentially required for enzymes, 

protein synthesis, integrity of cell cell membrane, chlorophyll, RNA and DNA (Taiz and 

Zeiger, 2002). Sowing dates affected stover nitrogen, phosphorus and potassium contents 

significantly. All physiological improved stover N, P and K content. Sakr and Arafa, 

2009 applied antioxidants increased each N, K and P contents in canola plant under salt 

stress during the two growing seasons (Sakr and Arafa, 2009). 
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GENERAL DISCUSSION 
The yield potential of spring maize is higher than autumn maize but high 

temperature at anthesis stage is one of the main limitation spring’s sown especially under 

late sown conditions. Different approaches used to overcome abiotic stress-induced 

reduction in growth have been suggested by different researchers, which include crop 

management strategies. The crop management practices like early sowing is an ideal to 

save crop, earlier planting tends to place the tasselling and silking period ahead of the 

greatest risk of high temperature period but low temperature during early causes poor and 

erratic emergence and slow crop stand establishment. Under these temperature extremes 

osmotic and oxidative stresses are major reasons of crop damage. Abiotic stresses of low 

and high temperature may lead to generate ROS such as superoxide (O2
-.), hydroxyl 

radicals (OH.-) and H2O2. Mitochondria, chloroplast, peroxisomes, plasma membrane and 

apoplast are main sites of ROS production in plants (Mittler, 2002). Exogenous 

application of some organic compounds to plants is considered to be an alternative, short 

cut and cost effective approach to induce abiotic stress tolerance (Ashraf and Foolad, 

2005). Amongst them, ascorbic acid (AsA), salicylic acid (SA) and low concentration of 

hydrogen peroxide (H2O2) are more important to having their promotive role in plant 

growth and development (Barth et al., 2004). On the basis of some earlier reports, it was 

hypothesized that exogenous application of AsA, SA and H2O2 can induce abiotic stress 

tolerance in plants. Ashraf and Foolad (2007) were of view that any compound can be 

applied either seed priming or foliar application. In present study AsA, SA and H2O2 

were applied through seed priming or foliar application could alleviate of oxidative 

damage and improved stress tolerance in spring sown maize.   

Rapid and uniform crop emergence is pre-requisite for a good crop stand 

establishment for effective utilization of resources (Nefziger et al., 1991). Slow stand 

establishment in early sowing spring maize may link with low temperature during 

germination stage (Appendix 4.3.1). Seed primed with SA, AsA and H2O2 emerged 

rapidly even under early sown conditions (Table 4.3.3.1). Rapidity of emergence in seeds 

primed with ascorbic acid, salicylic acid and H2O2 in present study might be due to 

priming which may enhance induction of physiological and biochemical changes during 
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germination like imbibition, revival in seed metabolic and enzymatic activities (Ajouri et 

al., 2004).  

The earlier tasselling and silking which place the anthesis stage of grain 

development ahead of the greatest risk of high temperature and drought. Priming and 

foliar application with AsA, SA and H2O2 considerably reduced days taken to tasselling, 

silking and physiological maturity (Table 4.3.1.2-4). Earlier tasselling and silking with 

exogenous application of AsA, SA and H2O2 either seed priming or foliar spray was 

observed in the present study which may enhance the activities of enzymes involved in 

transition of vegetative to reproductive stage. Harris et al. (2001b) also reported that 

priming resulted earlier flowering.  

Plant growth is an irreversible, integrated and regulated physiological process 

which depends on photosynthesis. These physiological strategies improved at different 

sowing dates especially early sown, the increased in DMA might be associated with 

higher LAI, total LAD and mean CGR (Table 4.3.1.5-8 and Fig. 4.3.1.1-4). Improvement 

in dry matter production in spring maize with application of AsA, SA and H2O2 as seed 

priming might due to regulation of cell growth and protecting the cell structure. Increased 

leaf area in response to physiological strategies of priming and foliar applicion of AsA, 

SA and H2O2 in the present study indicated that these strategies enhanced antioxidant 

defence system which may protect chlorophyll from oxidative damage resulting into 

increased leaf area and ultimately dry matter production. These finding are accordance 

with Vanacker et al. (2001) who stated that SA stimulating effect on growth of cell 

growth by regulating cell division, cell enlargement and protecting the cell structure 

(Kang et al., 2007). Improved growth in early planting with physiological application 

linked with increased chlorophyll (Table 4.3.1.13-14) and enhanced antioxidant system 

(Table 4.3.1.10-12)  

ROS are removed by different antioxidants enzymes against oxidative damage 

(Halliwell and Gutteridge, 1999) are SOD, CAT and APX. SOD catalyses the 

dismutation of O2
- to H2O2 and O2, while CAT and APX scavenge H2O2 (Foyer et al. 

1994). The present results show that enzymatic antioxidant like SOD and CAT activities 

of ear leaf of maize were higher in early and late sown spring maize with application of 

seed priming with SA were observed in the present study. Higher activities of SOD and 

ª 
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CAT in plants pretreated with salicylic acid (SA), the potential preventive exogenous 

effectors used in this study showed induced thermal tolerance and protection against 

oxidative damage (Diaz-Zorita et al., 2001; Larkindale and Knight, 2002). Salicylic acid 

plays an essential role in preventing oxidative damage in plants by detoxifying 

superoxide radicals. These results are in line with Prasad (1997) who concluded that 

exposure to low temperatures causes an increase in CAT activity as indicated in Table 

4.3.1.11.  

In present study, photosynthetic pigments (chlorophyll a and b) were decreased in 

spring maize under when subjected to grow under early and late sown stressful condition 

while physiological strategies significantly increased Chl contents. The reduction in ear 

leaf chlorophyll content of early and late sown spring maize was associated with early 

suboptimal temperature and late associated with high temperature might be due to 

improvement in enzymatic antioxidants which either induced chlorophyll synthesis or 

reduced chlorophyll degradation from oxidative damage. Exogenously applied SA, AsA 

and H2O2 increased the photosynthetic pigments in maize (Sinha et al., 1993; Kaydan et 

al., 2007) and wheat (Khan et al., 2006) and wheat (Wahid et al., 2007b), respectively. 

Exogenously applied SA increased membrane stability which decreased the electrolyte 

leakage and maintence of higher activities of antioxidants under heat or cold stress 

(Wang and Li, 2006). 

Delayed sowings are generally accompanied by high temperatures during 

reproductive stage, which accelerate crop development and decrease biomass production 

(Cirilo and Andrade, 1994a) and increased kernel abortion in maize (Cirilo and Andrade, 

1994b).  The highest grain yield was recorded in optimum sowing date treatments, with 

significant reductions in early and late treatments. Previously, Berzsenyi and Lap, (2001) 

and McCormick, (1974) reported that maize grain yield was reduced when sowing was 

delayed which was associated with reduction in grain weight. This reduction in grain 

weight was associated with decreased translocation of photosynthates to the ripening 

grain (Tanaka and Hara, 1974). From the results for grain yield and its components 

recorded in the present study, it could be suggested that reduction in grain yield under 

late sown condition and improvement in grain yield by physiological strategies of AsA, 

SA and H2O2 either as seed primig or foliar application may have been due to change in 
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number of grains (Grain yield vs number of grains per cob, r = 0.8129) and grain weight 

(Grain yield vs 100-grain weight, r = 0.8405). The increase in yield of primed seed plots 

may be due to earlier, uniform and vigorously stand establishment, phenological and 

yield related benefits (Harris et al. 2000). These results are in conformity with Rao and 

Singh (1997), Rashid et al. (2002), Basra et al. (2003) and Harris et al. (2001a) who 

reported that seed priming increase grain yield.  

High-temperature stress have detrimental effects on plant growth (Warrington 

and Kanemasu, 1983), initiation of flowering (Ellis et al., 1992), pollination and 

fertilization (Dupuis and Dumas, 1990), pollen sterility (Saini and Aspinall, 1982) and 

rate and duration of endosperm cell division (Jones et al., 1985).  

Both high and low temperature extreme impede the nutrient content in plant by 

disturbibg membrame stability which regulate nutrient absorption and translocation. 

Sowing dates and physiological strategies affected stover nitrogen, phosphorus and 

potassium contents significantly. On the other hand, applied antioxidants increased N, K 

and P contents in canola plant under soil salt stress during the two growing seasons (Sakr 

and Arafa, 2009). 

It is concluded that all physiological strategies of seed priming and foliar 

application of AsA, SA and H2O2 improved grain yield at different sowing by improving 

antioxidants and nutrient homeostasis enhanced chlorophyll which improved growth and 

development under early and late sown conditions. 
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FUTURE PROSPECTS 
At the completion of this research, following suggestions are enlisted for the guidance of 

future researchers in these fields.  

1. A wide range of maize hydrids should be screen out tolerant and succeptible to 

low temperature at early growth and high temperature at reproductive stage. 

2. A wide range of organic plant growth hormones, antioxidants and 

osmoprotectants at different concentration applied exogenously as seed priming 

agent or foliar application at different growth stage and both in combination 

should tested to cope the adverse effect of chilling or heat stress.  

3. Molecular and physiological basis of alleviation of chilling and heat stress should 

study in more detail. 

4. Phenological changes of spring maize by different sowing dates should be screen 

out. 

5. Repeated field appraisals in more ecological zone are required.  
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CHAPTER-V  

 

High temperature at anthesis stage is one of the main problems in spring 

especially under late sown conditions. Early sowing of the crop seems an ideal solution to 

escape the heat period but low temperature causes poor stand establishment. Under these 

temperature extremes osmotic and oxidative stresses are major reasons of crop damage. 

Exogenous application of various physiological strategies like ascorbic acid, salicylic 

acid and hydrogen peroxide as seed priming or foliar may lessen the damage. The 

objective of the present research as given below:  

1. To optimize level of ascorbic acid (AsA), salicylic acid (SA) and hydrogen 

peroxide (H2O2) as priming agent for maize 

2. To determine the optimum level of ascorbic acid, salicylic acid and hydrogen 

peroxide as foliar application strategy 

3. To explore the role of ascorbic acid, salicylic acid and hydrogen peroxide as seed 

priming agent or foliar application in alleviation of oxidative damage and 

improvement in stress tolerance, growth and yield of early and late sown spring  

maize. 

Two experiments were conducted to explore the role of ascorbic acid, salicylic 

acid and hydrogen peroxide as seed priming or foliar application in net house. A first 

experiment was conducted in sand culture in wire house using three levels (0, 20 and 40 

mg L-1) of AsA, SA and H2O2 with idea to optimize level as priming agent. The 

optimization was done on the basis emergence, seedling vigor and biochemical analysis, 

20 mg L-1 was selected as an optimized level. Second experiments were conducted in 

sand culture in wire house using three levels (0, 20 and 40 mg L-1) of AsA, SA and H2O2 

with idea to optimized level as foliar application strategy. On the basis seedling vigor and 

biochemical analysis, 20 mg L-1 was selected as an optimized level. Third experiment 

was conducted to explore the role of ascorbic acid, salicylic acid and hydrogen peroxide 

as seed priming agent or foliar application on alleviation of oxidative damage and 

improvement in stress tolerance, growth and yield of early (1st February), optimum (22nd 

February) and late (15th March) sown spring maize (Hi-Gen  9697).  Developmental, 
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growth, biochemical and yield related parameters were studied. Results of the experiment 

were given below:  

The most positive effect of priming with AsA, SA and H2O2 improved,rapid and 

synchronized emergence. Both seed priming and foliar application with AsA, SA and 

H2O2 improved seedling vigor by increasing Chl and nutrient content in seedling by 

improving its antioxidants activities (Experiment 1 & 2). Both levels (20 or 40 mg L-1) of 

solutions ascorbic acid, salicylic acid and hydrogen peroxide used as priming and foliar 

application strategy are equally effective for improving seedling vigor so the lower level 

of 20 mg L-1 was selected (Experiment 1 & 2). 

All priming treatment enhanced rapid emergence but both priming and foliar 

application strategies caused earlier tasselling, silking and physiological maturity at each 

sowing dates. Different physiological strategies improved dry matter accumulation, lead 

area index, leaf area duration, crop growth rate and net assimilation rate at different 

sowing dates. All physiological strategies increased grain yield associated with 

improvement in number of grain and size of grain at each sowing dates by increasing 

antioxidants and nutrient homeostasis which reduce oxidative damages and improving 

stress tolerance under late sown condition of spring maize. Improving antioxidants and 

nutrient homeostasis enhanced chlorophyll which improved growth and development 

under early and late stress conditions. The physiological strategies improved stover 

(nitrogen, phosphorus and potassium) and grain (protein and oil) contents at each sowing 

dates. 

  Various physiological strategies of priming and foliar spray significantly 

improved grain yield at each sowin dates. Increase in yield is more in optimum sown crop 

than early and late sown.  The present study suggests that crop should plant on 22nd of 

February along with seeds primed with hydrogen peroxide and salicylic acid, foliar spray 

of salicylic acid, seed primed with salicylic acid and ascorbic acid produced maximum 

grain yield. 
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 APPENDICES OF EXPERIMENT-I (POT STUDY) 

 

Development 

stage 

 

Days after 

sowing 

Atmospheric Temperature (˚C) 

Maximum Minimum 

Sowing 0 18.5 0.00 

Germination 

stage 

7 15.2 5.6 

14 18.6 2.5 

 

Seedling stage 

21 24.1 7.8 

28 24.6 7.9 

35 29.0 12.9 

Final harvest 36 29.0 13.2 

 
Appendix  4.1  Detail of maximum and minimum weather temperature recorded 

during crop season  
 

 
Source of 

variance 
DF FEP  MET  E50 EI 

Seed priming 12 47.2684** 0.1827** 0.963** 5.9568** 

Error 26 0.2729 0.0083 0.001 0.2292 

 
Appendix 4.1.1 Mean squares from analysis of variance (ANOVA) of the data for 

final germination percentage, mean germination time, time to 50 % 
germination and germination index of hybrid maize as influenced by   
different seed priming strategies.  
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Source of 
variation 

 

DF 
Shoot fresh 

weight  
Root fresh 

weight 
Shoot dry 

weight  
Root dry 
weight 

 
Seed Priming 

 

 
6 

 
98.8572** 

 
0.8947** 

 
1.2457** 

 
0.0047NS 

 
Error 

 

 
14 

 
0.3653 

 
0.0339 

 
0.0399 

 
0.0057 

 
Appendix 4.1.2 Mean squares from analysis of variance (ANOVA) of the data on 

shoot fresh weight, root fresh weight, shoot dry weight and root dry    
weight of hybrid maize as influenced by various seed priming 
strategies.  

 
 

Source of 
variation 

 

 
DF 

 
Shoot length  

 
Root length  

 
Root shoot ratio 

 
Seed Priming 
 

 
6 

 
515.172** 

 
2.4343** 

 
0.000** 

 
Error  
 

 
14 

 
18.094 

 
0.2149 

 
0.000 

 
Appendix 4.1.3 Mean squares from analysis of variance (ANOVA) of the data on 

shoot length, root length and root shoot ratio of hybrid maize as 
influenced by various seed priming strategies 

 
 

Source of 
variation 

 

 
DF 

 
Chl a 

 

 
Chl b 

 
Superoxide 
dismutase  

 
Catalase  

 
Peroxidase  

 
Seed 

Priming 

 
6 

 
0.0437** 

 
0.0060** 

 
2.4476** 

 
4.8518** 

 
0.7830** 

 
Error 

 

 
14 

 
0.0019 

 
0.0006 

 
0.1514 

 
0.0784 

 
0.0058 

 
Appendix 4.1.4 Mean squares from analysis of variance (ANOVA) of the data on 

Chl a, Chl b, superoxide dismutase, catalase and peroxidase of as 
influenced by various seed priming strategies. 
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Source of 
variation 

 

 
DF 

 
Shoot nitrogen   

 
Shoot phosphorus 

 
Shoot potassium 

 
Seed Priming 
 

 
6 

 
0.4873** 

 
5.1860** 

 
0.5266** 

 
Error  
 

 
14 

 
0.00931 

 
0.0332 

 
0.0471 

 
Appendix 4.1.5 Mean squares from analysis of variance (ANOVA) of the data on 

shoot nitrogen, shoot phosphorus and shoot potassium of maize as 
influenced by various seed priming strategies. 

 
 

Source of 
variation 

 

 
DF 

 
Root nitrogen 

 
Root phosphorus 

 
Root potassium 

 
Seed Priming 
 

 
6 

 
0.4448** 

 
3.4493** 

 
0.5244** 

 
Error  
 

 
14 

 
0.0447 

 
0.0982 

 
0.03068 

 
Appendix 4.1.6 Mean squares from analysis of variance (ANOVA) of the data on 

root nitrogen, root phosphorus and root potassium of maize as 
influenced by various seed priming strategies. 
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APPENDICES OF EXPERIMENT-II (POT STUDY 
 

Source of variation 
 

DF 
 

Shoot fresh 
weight  

 
Root fresh 

weight 

 
Shoot dry 

weight  

 
Root dry 
weight 

 
Foliar application 
 

 
6 

 
99.6997** 

 
0.9697** 

 
1.0483** 

 
0.0127** 

 
Error  
 

 
14 

 
0.1591 

 
0.0368 

 
0.0158 

 
0.0006 

 
Appendix 4.2.1 Mean squares from analysis of variance (ANOVA) of the data on 

shoot fresh weight, root fresh weight, shoot dry weight and root dry 
weight of hybrid maize as influenced by foliar application of 
ascorbic acid, salicylic acid and hydrogen peroxide. 

 
 

Source of variation 
 

 
DF 

 
Shoot length  

 
Root length  

 
Root shoot 

ratio  
 
Foliar application 
 

 
6 

 
55.4497** 

 
1.6613** 

 
0.00105** 

 
Error  
 

 
14 

 
16.131 

 
0.2970 

 
0.00013 

 
Appendix 4.2.2 Mean squares from analysis of variance (ANOVA) of the data on 

shoot length, root length and root shoot ratio of hybrid maize as 
influenced by foliar application of ascorbic acid, salicylic acid and 
hydrogen peroxide. 

 
 

Source of 
variation 

 
DF 

 
Chl a 

 
Chl b 

 
SOD   

 
CAT  

 
POD   

 
Foliar 
application 

 
6 

 
0.0528** 

 
0.01031** 

 
3.6354** 

 
6.6012** 

 
0.9481** 

 
Error  
 

 
14 

 
0.0014 

 
0.00064 

 
0.1006 

 
0.0226 

 
0.0101 

 
Appendix 4.2.3 Mean squares from analysis of variance (ANOVA) of the data on 

Chl a, Chl b, superoxide dismutase, catalase and peroxidase of 
hybrid maize as influenced by foliar application of ascorbic acid, 
salicylic acid and hydrogen peroxide. 

 



 185 
 

 
Source of variation 

 
 

 
DF 

 
Shoot nitrogen  

 
Shoot phosphorus 

 
Shoot 

potassium  

 
Foliar application 
 

 
6 

 
0.00487** 

 
0.05186** 

 
0.00527* 

 
Error 
 

 
14 

 
0.00009 

 
0.00033 

 
0.00047 

 
Appendix-4.2.4 Mean squares from analysis of variance (ANOVA) of the data of on 

shoot nitrogen, shoot phosphorus and shoot potassium of hybrid 
maize as influenced by foliar application of ascorbic acid, salicylic 
acid and hydrogen peroxide. 

 
 

Source of variation 
 

DF Root nitrogen  
 

Root phosphorus  
 

Root 
potassium  

 
 
Foliar application 

 
6 

 
0.00445** 

 

 
0.03461** 

 
0.00524** 

 
Error  
 

 
14 

 
0.00047 

 
0.00098 

 
0.00031 

 
Appendix 4.2.5 Mean squares from analysis of variance (ANOVA) of the data root 

nitrogen, root phosphorus and root potassium of hybrid maize as 
influenced by foliar application of ascorbic acid, salicylic acid and 
hydrogen peroxide. 
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APPENDICES OF EXPERIMENT-III (FIELD STUDY) 

 

DAS 
G

ro
w

th
 s

ta
ge

 
D1 = 1st 

February, 
2008 

G
ro

w
th

 s
ta

ge
 

D2 = 22nd 
February, 2008

G
ro

w
th

 s
ta

ge
 

D3 = 15th   
March, 2008 

Maxi. 
(˚C) 

Min. 
(˚C) 

Maxi. 
(˚C) 

Min. 
(˚C) 

Maxi. 
(˚C) 

Min. 
(˚C) 

1 

E
m

er
ge

nc
e 

  

E
m

er
ge

n
ce

   

E
m

er
ge

n 

  

7 16.2 4.5 24.3 7.3 29.0 13.1 

14 17.0 2.9 

V
eg

et
at

iv
e 

 s
ta

ge
 

23.4 7.7 

V
eg

et
at

iv
e 

 s
ta

ge
 

31.9 15.4 

21 24.3 7.3 28.9 12.2 31.9 15.3 

28 

V
eg

et
at

iv
e 

 s
ta

ge
 

23.4 7.7 29.0 13.1 32.7 16.9 

35 28.9 12.2 31.9 15.4 27.4 16.4 

42 29.0 13.1 31.9 15.3 31.4 18.4 

49 31.9 15.4 32.7 16.9 36.1 20.6 

56 31.9 15.3 27.4 16.4 40.5 21.1 

63 32.7 16.9 T 31.4 18.4 T 41.6 24.9 

70 T 27.4 16.4 S 36.1 20.6 S 37.2 22.6 

77 S 31.4 18.4 

G
ra

in
 40.5 21.1 

G
ra

in
 39.7 25.2 

84 

G
ra

in
 

fo
rm

at
io

n 36.1 20.6 41.6 24.9 34.1 22.4 

91 40.5 21.1 37.2 22.6 39.6 27.3 

98 41.6 24.9 

D
ou

gh
  s

ta
ge

 

39.7 25.2 

D
ou

gh
  s

ta
ge

 

39.1 28.4 

105 

D
ou

gh
  s

ta
ge

 

37.2 22.8 34.1 22.4 38.4 26.8 

112 39.7 25.2 39.6 27.3 37.0 26.9 

119 34.1 22.5  39.1 28.4  38.0 27.9 

 

Appendix-4.3.1 Detail of weekly atmospheric temperature range of maximum and 
minimum at during the course of study at each sowing dates showing 
the stage of crop development (Source:  Agromet Bulletin 
Agricultural Meteorology Cell, Department of Crop Physiology, 
University of Agriculture, Faisalabad at latitude of 31.26˚N and 
longitude of 73.06˚E). 
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SOV 

 
DF 

Mean sum of squares 
Days to 

50% 
emergence 

Days to 
50% 

tasselling 

Days to 
50% silking

Time to 
physiological 

maturity 

Replication 
 

2 0.571NS 0.302NS 0.619NS 2.11NS 

Sowing dates 
(D) 

2 962.476** 475.254** 501.190** 1234.97 ** 

Error-I 
 

4 0.976 0.587 0.310 1.52 

Physiological 
strategies (P) 

6 6.698** 3.889** 6.831** 4.32** 

DxP 
 

12 0.921** 0.921NS 0.783 NS 1.28NS 

Error-II 
 

36 0.489 0.696 0.728 0.96 

 
Appendix 4.3.1 Mean squares from analysis of variance (ANOVA) of data for days 

to 50 % emergence,   days to 50% tasselling, days to 50% silking and 
days to physiological maturity of spring maize as influenced by 
sowing dates and physiological strategies. 

 

 
Appendix 4.3.2 Mean squares from analysis of variance (ANOVA) of data for DMA, 

Maximum LAI, total LAD, mean CGR and mean NAR of spring 
maize as influenced by sowing dates and physiological strategies. 

SOV DF 
Mean sum of squares 

DMA 
Maximum 

LAI 
Total 
LAD 

Mean 
CGR 

Mean 
NAR 

Replication 
 

2 130NS 0.0045NS 18.70NS 0.053NS 0.077NS 

Sowing dates (D) 2 287788** 5.4986** 7653.32** 128.183** 131.678** 

Error-I 4 126 0.0016 5.70 0.028 0.058 

Physiological 
strategies (P) 

6 31707** 0.1899** 771.17** 8.479** 1.081** 

DxP 12 1113** 0.0130** 19.02** 0.307**  
0.154** 

Error-II 36 79 0.0022 3.50 0.030 
 

0.065 
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SOV 

 
DF 

Mean sum of squares 

SOD 
 

CAT 
 

POD Chl a Chl b 

Replication 
 

2 0.4209 NS 0.0241NS 0.00561NS 0.01604NS 0.00493NS 

Sowing dates 
(D) 

2 14.9182** 3.9828** 1.31104** 1.40671** 0.26051** 

Error-I 4 0.1762 
0.0204 

 
0.00176 0.00965 0.00295 

Physiological 
strategies (P) 

6 6.0443** 0.9084** 0.13070** 0.08835** 0.03232** 

DxP 12 1.1361** 
0.0314NS 

 
0.00642** 0.01212NS 0.00565** 

Error-II 36 0.1620 
0.0165 

 
0.00176 0.01285 0.00125 

 
Appendix 4.3.3Mean squares from analysis of variance (ANOVA) of data for 

superoxide dismutase (SOD), catalase (CAT), peroxidase (POD) 
ativities and chlorophyll a (Chl a) and b (Chl b) of spring maize as 
influenced by sowing dates and physiological strategies. 

 

 
SOV 

 
DF 

 
Mean sum of squares 

Biological 
yield 

Grain yield Stover yield 
Harvest 

index 
Replication 

 
2 0.2014NS 0.02075NS 0.11481NS 0.4467NS 

Sowing dates 
(D) 

2 23.1937** 4.31959** 7.65120** 17.1916** 

Error-I 
 

4 0.0947 0.01747 0.05981 0.5120 

Physiological 
strategies (P) 

6 2.3420** 0.44984** 0.74673** 2.1626** 

DxP 
 

12 0.1915NS 0.05772NS 0.06709NS 1.0541** 

Error-II 
 

36 0.2083 0.02252 0.10611 0.2123 

 
Appendix 4.3.4Mean squares from analysis of variance (ANOVA) of data for 

biological yield, grain yield, stover yield and harvest index of spring 
maize as influenced by sowing dates and physiological strategies. 
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SOV DF 

Mean sum of squares 
Plants per 
unit area 

(m2) 

Cobs per 
plant 

Grains 
per cob 

Grain’s 
rows per 

cob 

100-
Grain 

weight (g)
Replication 
 

2 0.01587NS 0.07683NS 318.4NS 0.7621NS 0.0702NS 

Sowing dates 
(D) 

2 0.68254NS 0.01016NS 54086.5** 17.9411** 40.1841** 

Error-I 4 0.20635 0.00730 
104.5 

 
0.4333 0.3533 

Physiological 
strategies (P) 

6 0.34921NS 0.00656NS 3109.1** 7.7822** 0.8432* 

DxP 12 0.07143NS 0.01164NS 435.0NS 
0.6050NS 

 
0.2276NS 

Error-II 36 0.23545 0.00677 239.8 
0.8692 

 
0.3096 

 
Appendix 4.3.5 Mean squares from analysis of variance (ANOVA) of data for plants 

per unit area (m2), cobs per plant, grains per cob, grain’s rows per 
and 100-grain weight of spring maize as influenced by sowing dates 
and physiological strategies. 

 

SOV 

DF

Mean sum of squares 
Grain 

protein 
contents 

Grain oil 
contents 

Stover 
nitrogen 
contents 

Stover 
phosphorus 

contents 

Stover 
potassium  
contents 

Replication 
2 0.01501NS 

 
0.00236NS 

 

0.00060N

S 

 
0.00000363NS 

 
0.00712NS 

Sowing dates 
(D) 2 0.07760** 0.41041** 0.35787** 0.0003532** 0.95376** 

Error-I 
4 0.00188 0.00075 0.00031 

0.00001692 
 

0.0019 

Physiological 
strategies (P) 6 0.02734** 

0.00257** 
 

0.00689** 0.00004096** 0.04352** 

DxP 
12 0.12877** 0.00188NS 0.00031** 0.00001241NS 

 
0.00635* 

Error-II 
36 0.00288 0.00156 0.00022 

0.000007566 
 

0.00272 

Appendix 4.3.6 Mean squares from analysis of variance (ANOVA) of data for grain 
protein contents, grain oil contents, stover nitrogen, phosphorus and 
potassium contents of spring maize as influenced by sowing dates and 
physiological strategies. 
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