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ABSTRACT 
 

Maize is a high nutrient demanding crop, which also requires micronutrients (in particular the 
Zn) along with major elements. Zinc deficiency is frequent equally in plant and humans. Zinc 
deficiency regions in human are reported to be Zn deficient soils regions. Worldwide 
incidence of Zn deficiency in soils is becoming ever more imperative owing to its impact on 
human health. So, keeping in view a two years field study consisted of two independent 
experiments, was conducted to evaluate the effect of different Zn application methods on the 
productivity of maize hybrids DKL-919 and Pioneer 30-Y-87 at Agronomic Research Area, 
University of Agriculture, Faisalabad. Both experiments were laid out in randomized 
complete block design (RCBD) under factorial arrangement with three replications and a net 
plot size of 3m × 5m. In the first experiment, Zn was soil applied (5, 10 kg ha-1) or foliar 
applied (0.5, 1.0% ZnSO4 foliar spray) alone and in combination. In the second experiment 
influence of ZnSO4 as seed priming or foliar application at the rate of 1.0 and 2.0% alone or 
combination were used. In first experiment hybrid maize planted in 2009 had more 
production as compared to planted in 2010.  Maize hybrid Pioneer 30-Y-87 with combined 
application of Zn as soil application (10 kg ha-1) and foliar spray (1.0%) produced 
significantly more plant height, stem diameter, cob length, cob diameter, number of grains 
per cob, 1000-grain weight, grain yield, biological yield and harvest index. Maize hybrid 
DK-919 with combined application of Zn as soil application (10 kg ha-1) and foliar spray 
(1.0%) produced significantly more grain zinc content (mg kg-1). However, Zn application 
significantly decreased the grain protein contents. Maize hybrid Pioneer 30-Y-87 with 
combined application of Zn as soil application (10 kg ha-1) and foliar spray (1.0%) also 
showed high leaf area index, leaf area duration, crop growth rate and net assimilation rate. 
Combined application of Zn as soil application (10 kg ha-1) and foliar spray (1.0%) gave 
more net field benefits and benefit cost ratio. In second experiment performance of hybrid 
maize Pioneer 30-Y-87 with combined application of Zn as seed priming and foliage spray 
(2.0%) in all the yield and growth relating parameters. Plant height, stem diameter, cob 
length, cob diameter, number of grains per cob, 1000-grain weight, grain yield, biological 
yield and harvest index. Maize hybrid DK-919 with combined application of Zn as seed 
priming and foliar spray (2.0%) produced significantly more grain zinc content. However, Zn 
application significantly decreased grain protein contents. Similarly, maize hybrid Pioneer 
30-Y-87 with combined application of Zn as seed priming (2.0%) and foliar spray (2.0%) 
also showed high leaf area index, leaf area duration, crop growth rate and net assimilation 
rate. Similarly, combined application of Zn as seed priming (2.0%) and foliar spray (2.0%) 
gave more net field benefits and benefit cost ratio. On the basis of two year field experiments 
it is concluded that maize hybrid Pioneer 30-Y-87 produced better grain yield and performed 
best when Zn was applied as foliage spray along with seed priming or soil application. 
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CHAPTER 1          

INTRODUCTION 
 

Maize (Zea mays L.) is produced largely worldwide than any other cereal grain and it 

has a pivotal role in increasing the income of both substance and commercial farmers (FAO, 

2012). In Pakistan, it is the third most important cereal grain crop after wheat and rice. Its 

contribution to the value addition in agriculture of Pakistan is 2.2% and 0.5% in GDP (GOP, 

2012-13). Maize is a multipurpose crop, provides food for human beings, feed for animals 

and poultry, fodder for livestock and as a raw material for industry. It has high nutritional 

value as it contains about 62.3% starch, 11.1% protein, 4.6% oil, 1.8% fibre, 4.3% sugar and 

1.3% ash (Iken et al., 2002). 

Maize contributes about 6.4% in total food grains production of Pakistan. It was 

grown on an area of 1.08 million hectares with the annual grain production of 4.63 million 

tones with an average grain yield of 4268 kg ha-1 (GOP, 2012-13). Comparing with the 

genetic yield potential of the existing maize cultivars, this yield is far less than the other 

countries of the world. For that reason, it is a need of the time to develop proper strategies to 

improve the production potential of maize crop by making progress in some basic 

mechanism of the existing maize production technology in Pakistan. Along with the other 

agro-management practices, no one can ignore the importance of appropriate nutrient 

management in order to take advantage of the production of maize crop (Mahmood, 1994). 

Among many other factors causing turn down in maize yield; imbalanced use of 

fertilizers is very important. Maize is a high nutrient demanding crop, which also requires 

micronutrients (in particular the Zn) (Armani et al., 1999; Obrador et al., 2003) along with 

major elements. Zinc deficiency is frequent equally in plant and humans. Zinc deficiency 

regions in human are reported to be Zn deficient soils regions and are widespread, for 

instance in India, China, Pakistan, Iran and Turkey (Cakmak et al., 1999). Zinc deficiency is 

usually widespread in the cereal crops grown on the calcareous soils of semiarid regions; 

where on the subject of 50% soils are reported to be Zn deficient (Graham and Welch, 1996). 

Worldwide incidence of Zn deficiency in soils is becoming ever more imperative due to its 

impact on human health (Singh et al., 2005). The major basis for the occurrence of Zn 

deficiency in human beings in the developing countries is the use of cereal based foods 
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instead of animal-based diets. Even though animal foods are excellent source of these vital 

microelements (Sanstead, 1995) but their use is restricted due to socio-economic constraints 

in the developing countries. Plants are in generaly grown-up on soils that are already poor in 

available Zn.  Subsequently, the utilization of these foods leads towards Zn deficiency in 

human beings (Graham and Welch, 1996). 

 In addition, with the initiation of green revolution, invention of high yielding crop 

cultivars (hybrids) has improved these conditions (Dar, 2004). Due to exhaustive agriculture 

and excessive use of chemical fertilizers, soils have been exhausted for these necessary 

microelements. Soils of Pakistan are in wide-ranging alkaline and calcareous in nature and 

are Zn deficient. This is so for the reason that these soils are naturally low in available Zn 

(Tinker and Lauchli, 1984). Furthermore, in these soils Zn also precipitate or sorbs in out of 

stock forms (Khoshgoftar et al., 2004). Considerable reduction in growth and yield of crop is 

occurred due to the Zn deficiency in the field condition (Graham et al., 1992; Cakmak et al., 

1996). Soil properties, the total amount of organic matter, the supplementary amount of Zn 

and the chemical reaction occurring in the soil mostly influence the availability of Zn to the 

plant. The development of new efficient Zn cultivar is becoming frequent currently in the 

world. Zn efficient cultivar can provide a numeral of compensation, such as a lesser amount 

of use of fertilizers, seedling vigor perfection, and disease fighting, minimizing the yield 

losses, boosting the yield along with enhancing the dietary value of grain (Bouis, 1996; 

Graham and Welch, 1996). While comparing Zn-efficiency ratios of cultivars among parallel 

yield capability under Zn-deficient circumstances, it should be keep in mind with the 

intention of cultivars with the nominal response to Zn fertilizer will have the maximum Zn-

efficiency ratio. Cultivars with little response to Zn application are mostly Zn en-efficient 

(Hacisalihoglu et al., 2001). 

To alleviate Zn deficiency among the poor people of the developing nations, exercise 

of Zn enriched food resources is a prerequisite. In spite of the detail that other strategies such 

as Zn supplementation, food fortification and food mixture to overcome Zn deficiency in 

human beings are practiced (Maberly et al., 1994) however, they have their restricted use. 

Zinc supplementation in addition to food enrichment is expensive approach and only 

restricted to certain parts of the globe (Frossard et al., 2000). On the other hand, to overcome 

Zn  deficiency  along with  the  day  by  day  increasing  population  of  the  developing 
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nations,  there  is  a  disastrous  need  to  nourish  them with  Zn  enriched  foodstuff  on 

sustainable  basis.  Enrichment of plant food material with Zn is termed as biofortification 

(Nestel et al., 2006; Cakmak, 2008). Maize plants grown on Zn deficient soil show stunted 

growth and elevated Zn concentration in the leaf blade as compared to the soil that were 

fertilized with Zn (Singh and Banerjee, 1986). 

Biofortification of plant foodstuff can be achieved from fertilizer use, plant breeding 

and genetic engineering (Bouis, 1996). Amendment in plant materials through breeding or 

genetic engineering is a time-consuming process and it depends upon the genotypic 

difference among crop plants. Crop species and even genotypes within a species might be 

different in their Zn contents (Frossard et al., 2000). Difference in Zn contents within the 

genotypes of the similar species might be attributed to their different Zn requirement in 

addition to consumption efficiencies. Therefore,   the   choice   of   plant   cultivars/genotypes   

that   can efficient user the inhabitant soil Zn content with quick to respond to applied Zn 

may possibly be advantageous for low input agricultural systems and for high input 

agricultural systems. On the other hand, increasing the mineral content of the food crops 

through fertilizer application (according to their requirement) possibly is a short time strategy 

that can be easily attain by the peoples of the developing countries having limited resources. 

Soil application of Zn is extensively suggested however, its use as soil addition is not 

widespread in Pakistan. A smaller amount (less than 5%) of Pakistani farmer applies Zn 

fertilizer (FAO, 2004). Also soil application of Zn required large amount of fertilizer and the 

process of spreading the fertilizer is not uniform due to unskilled labor. Foliar application of 

micronutrients is effective and efficient (Wilhelm et al., 1988; Savithri et al., 1999), however 

this method is too expensive to be accomplished by the resource poor farmers because of the 

quantity of fertilizer, equipment and labor required and some time high concentration causes 

the burning of the leaves. Seed treatment with micronutrients improves the germination, 

seedling vigor in addition to boosting the final yield (Welch, 1986; Yilmaz et al., 1997). The 

benefits of seed treatment are due to the no probability of rough supply of Zn in the soil and 

due to the timely accessibility of the nutrients to the plant. On the other hand, seed priming 

results in a decrease in the germination and prolonged existence in the storage of seed as 

compare to the non-primed seed (Chojnowski et al., 1997; Maude et al., 1994; Tarquis and 

Bradford, 1992). 
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So, keeping in view the above scenario, the present field experiment were conducted 

to evaluate the most effective, economical and easily applicable method of Zn application for 

crop phenological events (plant height, time to tasseling, silking and time to crop maturity) 

and yield of maize hybrids. We also investigate the role of Zn application in improving 

phenological development and yield attributes of maize hybrids to different Zn application 

method. In addition, the Zn partitioning in the grain of different hybrids was also analyzed. 
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CHAPTER 2           

REVIEW OF LITERATURE 
 

2.1. INTRODUCTION 

Zinc is one of essential micronutrients for plants, animals and human beings. It 

concerned in the carrying out of almost 300 enzymes in biological systems (Cakmak, 

2000). Yet, Zn deficiency is widespread in approximately all cereals growing soils of the 

world in arid to tropical climate (Nube and Voortman, 2006). Crop responses to Zn 

application have been reported extensively. However, different crops have different 

requisite of a particular nutrient. There may be genotypic difference with regard to 

nutrient requirement and exist within a species (Furlani et al., 2005). In plants, Zn plays 

an important role as a structural component or regulatory cofactor for various enzymes 

and proteins in various important biochemical processes and they are mainly concerned 

with carbohydrate metabolism, both photosynthesis and the conversion of sugars, starch, 

protein metabolism, the auxin, pollen formation, maintaining the integrity of biological 

membranes, the resistance to infection by pathogens (Alloway, 2008). 

Zinc exerts a great influence on the fundamental processes of plants, such as 

nitrogen metabolism, the absorption of nitrogen and the quality of the protein, 

chlorophyll synthesis and photosynthesis, carbonic anhydrase activity, resistance to biotic 

and abiotic stresses and protection against oxidative damage (Potarzycki and Grzebisz, 

2009; Mousavi, 2011). Effect of Zn fertilization were evaluated on growth and yield of 

many plants such as alfalfa, wheat, maize, barley, cotton and potato in numerous 

researches and observed increasing in yield with Zn application (Mousavi et al., 2007; 

Galavi et al., 2011; Xi-Wen et al., 2011). 

In this chapter, Zn role in plant biology, dynamics in soil systems, factors 

affecting Zn availability, Zn sources and application methods, strategies for improving 

Zn utilization and partitioning and role of Zn application in maize crop has been 

reviewed. 

2.2. ZINC IN PLANT BIOLOGY 

The diversity of roles that Zn plays in cellular processes is a good example of how 

biological usage of metal ions. Zinc is involved in protein, nucleic acid, lipid and 
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carbohydrate metabolism. Furthermore, Zn is essential for the co-ordination of regulating 

gene transcription and other biological processes regulated by proteins containing the 

DNA binding Zn finger motifs (Klug and Rhodes, 1987), the ring finger of the protein 

structural domains (Vallee and Falchuk, 1993). A variety of molecules associated with the 

synthesis of DNA and RNA are Zn metalloproteinase such as RNA polymerases (Wu et 

al. 1992), reverse transcriptase and transcription factors (Wu and Wu, 1989). 

 

Figure. Simplified diagram of Zn as a plant micronutrient (Sagardoy et al., 2008; Srivastava 

and Singh, 2009). 

 

Zinc is one of the key element of the carbohydrate metabolism and most of the 

enzymes involved in carbohydrate metabolism are activated by Zn. In addition, carbonic 

anhydrase, fructose-1, 6 - bisphosphate and aldolase enzymes are also activated by Zn. 

These enzymes are active in the cytoplasm and chloroplasts. Fructose-1, 6-bisphosphate 

is involved in six carbon sugar molecule to be separated between the cytoplasm and 

chloroplasts and three carbon atoms in the molecule of sugars photosynthesis are 

transported from cytoplasm to chloroplasts by aldolase. The activity of these enzymes is 

decreased with the Zn deficiency, resulting in carbohydrates accumulation in plant leaves 

(Mousavi, 2011; Taheri et al., 2011). 

Zinc is a micronutrient essential for the production of proteins in plants, the main 

structure of the ribosome and is essential for their development. Zinc deficiency causes 

reduction in amino acid accumulation in the tissues of plant and protein production is 
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also reduced. Prescrnce of Zn amounting 150 micrograms per gram of dry matter on the 

sites of protein synthesis in pollen tube tip that there is important for pollination and 

pollen tube formation (Marschner, 1995; Outten and O'Halloran, 2001, Pandey et al., 

2006). Plant hormones performance like auxin (IAA) and tryptophan decreases under Zn 

deficiency condition, because the growth of the leaves stops. This shows that Zn is 

compulsory for the tryptophan synthesis, which is a prerequisite for the formation of 

auxin; therefore Zn deficiency decreases the amount of auxin (Marschner, 1995; Pedler et 

al., 2000). 

In some conditions, in which plant are facing Zn deficiency, increased tryptophan 

in the leaves as a result of an impairment of the protein synthesis. Zinc is an essential 

element in maintaining living membranes integrity. Zinc may be connected to modules of 

the membrane phospholipids or sulfhydryl or form tetragonal compounds having cysteine 

polypeptide residues of proteins and lipids, and thus protect from oxidative damage 

(Domingo et al., 1992; Marschner, 1995). Zinc is also a main building component of 

some enzymes and is required for the formation of plant enzymes and also many 

enzymatic reactions are activated by Zn (Vitosh et al., 1994; Pedler et al., 2000; Akay, 

2011). 

Water bound Zn is critical to activate the catalytic site as a bridge, which can 

ionize hydroxide (such as in CA), polarized by a base to generate nucleophilic catalysis 

moved through the substrate. Hydrolases and lyases of Zn as zinc proteases CA, Zn ion 

has an important catalytic electrophile (McCall et al., 2000). The control mechanism of 

Zn homeostasis is not known yet (Broadley et al., 2007; Kramer et al., 2007). There is, 

however, long been known that Zn is essential for cell physiology (Barak and Helmke, 

1993) of various processes being a trace element in plants. After being absorbed, Zn is 

transported through the xylem where it is chelated by various small molecules (Haydon 

and Cobbett, 2007), like organic acids such as citrate (Broadley et al., 2007), malate, and 

nicotinamide (Callahan et al., 2006). During the higher quantity of Zn availability, a large 

part of this nutrient in the cell is chelated with the organic acids such as malate, and 

citrate (Kupper et al., 2004), amino acids such as histidine (Callahan et al., 2006), 

phytates and metallothionein (Papoyan and Kochian, 2004), and the rest is stored in the 
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vacuole (Srivastava and Singh, 2009). Otherwise, various symptoms are observed when 

Zn deficiency. 

 

 

Figure 8. Simplified diagram with zinc deficiency symptoms (Perea-Portillo et al., 2010). 

 

2.2.1. MINERAL UPTAKE  

Uptake of the Zn among the plant species varies and also the composition and 

concentration of the growth media effect on its availability. Studies of Zn absorption in 

the Zn biology are essential because it is essential for all organisms, including humans 

(Hambidge, 2000). The availability of Zn to plant is directly correlated with the 

concentration in the soil solution and plants absorb Zn as divalent cations or as 

complexes with the organic ligands (Thoresby and Thornton, 1979; Kabata-Pendias and 

Pendias, 2001). Similarly, Havlin et al. (2005) and Oliveira and Nascimento (2006) 

reported that the plant roots absorb Zn as Zn+2 cation which is a component of complex 

synthetic and organics. After the absorption of Zn from the soil solution, the roots 

transport the nutrient via xylem to the shoots of the plant (Broadley et al., 2007).   

Contradictory reports are available about the active or passive uptake of Zn by the 

plants (Brennan, 2005). Reduction in the uptake of Zn by the crop was noted when the 

metabolic disorder occur with the lowering of the temperature, which shows that the 

uptake of the nutrient is an active process (Schmidt et al., 1965). Similarly, Bowen et al. 

(1974), reported that the lower temperature inhibit the absorption of Zn by the roots. 

Whereas, Bowen (1969) investigated that Zn absorption in the leaves of sugarcane is 

strongly depressed due to the inhibition of oxidative phosphorylation. On the other hand 

no variation in the uptake of nitrogen was noted by the application of metabolic 

inhibitors, which shows that this process is not a metabolically-dependent (Kochian, 
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1993). Zinc has the intermediate mobility in the plants (Marschner, 1995; Kabata-Pendias 

and Pendias, 2001). 

2.2.2. TRANSLOCATION 

The translocation of Zn occurs in the root xylum through the both symplast and 

apoplast movement (Brennan, 2005; Broadley et al., 2007), but in some cases the high 

concentration of Zn have also been detected in the phloem, which shows that the nutrient 

is translocated through both xylem and phloem tissues (Pearson et al., 1995; Haslett et 

al., 2001). 

The mechanism of translocation of Zn in the root and other cell membrane is 

controlled by the metabolism of the plant. The process of transportation of Zn seems to 

be driven by the electrochemical gradient through ion channel, carrier protein and/or 

against the electrochemical gradient with the help of electrogenic pumps (Weiss et al., 

2004). Hille (2001) investigated that Zn+2 through membranes are dominated by the ion 

channel and electrogenic pumps without the help of any other transport carrier. These 

channels are formed of protein, which produce and control the voltage gradient across the 

plasma membrane helping in the flow of ions against their electrochemical gradient. 

These channels control the ions on the basis of their positive and negative charge. Also 

Zn is transported through membranes of plant via non selective cation channels (NSCCs) 

which have the capacity to catalyse passive fluxes of cations (Demidchik et al., 2002). 

These non selective cation channels (NSCC) are the different sets of ion channels in the 

plasma membrane, tonoplast, and other endomembranes, and are controlled by diverse 

mechanisms, that include voltage, cyclic nucleotides, glutamate, reactive oxygen species, 

and stretch. These structures are supposed to relieve a wide range and number of 

monovalent cations and are also permeable to divalent cations, including Zn+2 

(Demidchik and Maathuis, 2007). 

2.2.3. ROLE IN PHOTOSYNTHESIS 

Zinc deficiency is correlated with the limitation of photosynthesis in the plants 

(Shrotri et al., 1981; Seethambaram and Das, 1985), and it leads to 50-70% reduction in 

photosynthesis among varying plant species (Pearson and Rengel, 1997; Alloway, 2004). 

Reduction in the activity of Hill reaction due to the reduced content of chlorophyll 

content might be the basic cause in reduction of net photosynthesis (Sharma et al., 1992) 
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and alterations in the makeup of the chloroplast (Brown et al., 1993) of Zn undersupplied 

plants. Sharma et al. (1994) reported that under reduced supply of Zn, the availability of 

CO2 become limited due to reduced stomatal conductance. Zinc deficiency can also cause 

a dramatic decrease in the chlorophyll content as well as serious damage to the fine 

structure of the chloroplasts (Chen et al., 2007). In addition, Zn regulates synthesis of 

chlorophyll and carotenoids in plants, essential used for the appropriate utility of the 

photosynthetic mechanism (Aravind and Prasad, 2004). Zn shortage minimize the plant 

development in addition to slow down photosynthesis in a range of plants like maize 

(Wang and Jin, 2005) and rice (Wenrong et al., 2008). 

 
Zinc is the important structural component of wide range of enzymes, which plays 

a critical role in the photosynthesis. Carbonic anhydrase (CA) in dicotyledonous contains 

six subunits having a molecular weight of 180 kDa, with six Zn atoms per molecule 

(Sandmann and Boger, 1983). Carbonic anhydrase is a Zn-containing metalloenzyme 

which catalyses the inter-conversion of CO2 and HCO3 during photosynthesis in plants 

(Colman, 1991; Badger and Price, 1994).  The activity of mesophyll activity is improved 

by CA in C4 plants for the equilibrium in the favour of HCO2- to produce C4 complex 

(malate) to be transported to the bundle sheath chloroplast (Burnell and Hatch, 1988). 

The activity of CA present in the bundle sheath chloroplast in C4 plants is 1% (Burnell 

and Hatch, 1988), whereas 20-60% is related with the plasma membrane (Utsunomiya 

and Muto, 1993). 

The research showed that significance of CA in the conversation of CO2 to HCO3
- 

might reduce the photosynthetic process (Hatch and Burnell, 1990). Zinc deficiency 

might have severe effects on the rate of photosynthesis in C4 plants in contrast to C3 

plants (Burnell et al., 1990). Zinc shortage results in lowering the performance of CA in a 

variety of plant species (Ohki, 1976; Gibson and Leece, 1981; Rengel, 1995). Significant 

reduction in net photosynthesis rate has been proved due to the reduced activity of CA 

(Pandy and Sharma, 1989; Hudson et al., 1992). This could be due to the positive role of 

CA in enhancing the supply of CO2 to the carboxylation site of chloroplast during the 

photosynthesis (Sasaki et al., 1998).  Also CA might serve as a source of Zn under Zn 

deficiency conditions (Rengel, 1995). 
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2.2.4. ROLE IN ASSIMILATE PARTITIONING 

 Zinc deficiency affects the partitioning of photosynthates either directly by 

phloem loading and transport or indirectly by reducing the sink demand (Marschner et 

al., 1996). Zinc deficiency also increased the accumulation of photosynthates in the 

leaves of plant due to impaired sink activity (Marschner and Cakmak, 1989) and 

enhances the production of toxic reactive oxygen species. Cakmak et al. (1989) reported 

that under the Zn deficiency conditions, plant roots and shoot growth is reduced and 

photosynthates starts to deposit in the leaves of plant. Zinc plays a critical role in 

improving the yield of maize and control the nitrogen portioning (De Souza, 1998). A 

positive effect on the uptake of nitrogen during the milking and grain formation stage has 

also been found with the early stage Zn application (Grzebisz et al., 2008). Potarzycki 

and Grzebisz (2009) reported Zn application as a positive factor for the maximum 

productivity of nitrogen fertilizer. 

 

 

Figure. Hypothetical yield forming action of zinc in maize (Grzebisz 2008) 
 

Zinc accumulation in the grain seems to be comes from a range of pools of Zn in 

the plant (Pearson et al., 1996 a). Zinc accumulation in wheat grain during the grain 

development mainly comes via phloem from the roots of the plant (Herren and Feller, 

1994; Pearson and Rengel, 1995). Zinc load for the phloem can reduce the load of grain 

Zn (Pearson et al., 1996 b). In wheat, grain Zn back into the phloem, especially Zn is first 
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on the crease and peel transports, rather than for more mature grain endosperm and 

embryo. In mature wheat grains, the relatively higher amounts of Zn within the pericarp 

are stored (Pearson et al., 1998). 

Zinc deficiency can decrease sucrose concentration in sugar beet (Brown et al., 

1993) and maize (Shrotri et al., 1980) by decreasing sucrose synthesis activity. Starch 

formation was also decreased under Zn deficiency (Brown et al., 1993), probably because 

of a reduction in starch synthesis activity. Marschner and Cakmak (1989) reported that 

sucrose and starch accumulation in leaves of cabbage and bean plants due to impaired 

phloem export. The transport of mineral nutrients from the outer grain tissues to the 

endosperm is inwards through the apoplast from the nucellar epidermis that completely 

encircles the endosperm (except near the vascular trace) (Krishnan and Dayanandan, 

2003). However, Gao et al. (2005) found that enhancing the rate of plant Zn uptake 

through fertility management did not translate into an increased grain Zn loading, and Zn 

harvest index was reduced. 

Zinc accumulated in grains mainly originates from Zn uptake by roots after 

flowering, as shown in paddy rice (Verma and Tripathi, 1983), cotton (Constable et al., 

1988), and sorghum (Traore, 2006). Therefore, enhanced Zn supply to the root 

environment during grain filling (e.g., through late fertilization) may be needed to realize 

the required high grain Zn mass fraction. Grotz and Guerinot (2006) reviewed the 

molecular aspects of Zn homeostasis in plants. Considerable efforts have also been made 

to elucidate the crop physiology of uptake, distribution and remobilization of Zn during 

grain filling. During grain filling, roots and stems are the largest Zn sources for allocation 

of Zn to the grains. However, grains can also accumulate Zn remobilized from leaves, as 

has been shown for soybean (Khan and Weaver, 1989) and wheat (Pearson et al., 1995; 

Pearson and Rengel, 1995), but not yet for rice. Also Grzebisz et al. (2008) investigated 

that the foliar application of Zn at the reproductive stage enhances the uptake and 

accumulation of nitrogen. 

2.2.5. ROLE IN REPRODUCTION 

 Zinc is a vital nutrient for the normal flowering and seed production. Weber et al. 

(2005) investigate that the nutrition of the mother plant effects the growth and maturation 

of embryo during the seed formation. Pollen sterility has been observed in the wheat due 
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to the Zn deficiency (Sharma et al., 1979) and in maize (Sharma et al., 1987).  Zinc 

deficiency  interrupt the reproduction system either  through the enhanced  synthesis of  

abscisic  acid  in  the  plant, resulting  premature abscission  of leaves and flower buds, or 

to disruption of the development and  physiology  of  anthers and  pollen  grains  (Brown 

et al.,  1993; Alloway, 2004). 

The Zn-finger transcription factors are involved in the development and function 

of floral tissues such as anthers, tapetum, pollen and pistil secretory tissues in many plant 

species that play a key role in both flower and normal fruit development (Kobayashi et 

al., 1998; Sharma et al., 1987). The alteration and expression of Zn-finger protein during 

flowering and fertilization can modify the distribution and availability of Zn, hence 

affects normal reproductive development (Kapoor et al., 2002). Zinc has also been shown 

to be involved in expression of genes related to microsporo-genesis (Kobayashi et al., 

1998; Takatsuji 1999) and megagametogenesis (Grossniklaus et al., 1998; Brive et al., 

2001). 

Evidences for role of Zn in plant reproduction are presently confined to pollen 

fertility (Pandey et al., 1995; 2000; 2006). Little attention has been paid on study of Zn 

nutrition on pollen-pistil interaction that is crucial to fertilization (Dickenson and 

Elleman, 1994; Taylor and Hepler, 1997; Hiscock, 2004). Fertilization could also be 

regulated by specific enzymes like proteases (Radlowski et al., 1996), acid phosphatases 

(Roggen and Stanley, 1969), esterases (Dafni and Maues, 1998) and cutinases (Hiscock et 

al., 1994; Edlund et al., 2004). Under marginal Zn deficiency condition, the development 

of anthers in wheat is severely retarded (Sharma et al., 1990). Zinc contributes to the 

pollination by impact on pollen tube formation (Marschner, 1995; Outten et al., 2001; 

Pandey et al., 2006). Pandey et al. (1995) reported that Zn deficiency induced a change in 

exine morphology and reduced pollen viability. Zinc deficiency has also been shown to 

change stigmatic size, morphology, and exudations, inhibiting pollen-stigma interaction 

(Pandey et al., 2006; 2009). Epstein and Bloom (2005) indicated that the flowering and 

fruiting process were greatly reduced under severe Zn deficiency. 

2.2.6. ROLE IN MEMBRANE INTEGRITY 

Zinc plays an important role in structure and functions of biomembranes 

(Alloway, 2004). Welch et al. (1982) first identified greater leakage of P32 and Cl36 in 
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Zn deficient plants, suggesting a role of Zn in membrane integrity. Zinc deficiency 

affects   the   integrity   of   plasma   membranes   by   reducing   phospholipids   and 

sulfhydral groups and increased production of super oxide radicals (Cakmak and 

Marschner, 1988; Welch and Norvell, 1993; Pinton et al., 1994).  Welch and Norvell 

(1993) observed reduced concentration of sulfhydral groups in the root cell plasma 

membrane of barley plants under Zn deficient conditions. Substantial increase in the 

amount of reactive sulfhydral groups and reduced leakage in the plasma membrane was 

observed upon Zn addition to the root medium (Rengel, 1995). Similarly plasma 

membrane vesicles of Zn deficient roots are more permeable than Zn sufficient roots 

(Pinton et al., 1993). 

2.3. ZINC IN SOIL 

Zinc  exists  in  soil  in  various  organic  and  inorganic  forms  which  affect  its 

bioavailability to plants. Zinc may be found in soil as either i) free and complexed ion in 

soil solution, ii) as nonspecifically and specifically adsorbed cations, iii) as ions occluded 

in soil carbonates and hydrous oxides, iv) in biological residues and living organisms, or 

v)  in the lattice structure of primary and secondary minerals (Reed and Martens, 1996). 

However, Viets (1962) discussed the occurrence of Zn in five chemical pools: water 

soluble, easily exchangeable, adsorbed, precipitated with secondary minerals, and bound 

to primary minerals. 

Estimation of various chemical pools of Zn in soils gives an insight into its 

availability to crop plants. Water soluble and exchangeable fractions are potential labile 

source of immediate Zn availability to plants (Li and Shuman, 1997) whereas residual 

fractions are tightly bound and serve as non-labile pools of soil Zn (Xian, 1989; 

Clevengerand and Mullins, 1982). The DTPA extractable Zn may range from 0.52-2.11 

ppm and 0.17-11.5 ppm (Khatawat and Vashishtna, 1977; Lindsay and Norvell, 1978). 

Timsina and Connor (2001) reported a typical range of Zn in soils of 10-300 mg k with a 

mean of 50 mg Zn kg-1 of soil. 
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However,  the  nature  and  amount  of  Zn  in  various  chemical  forms  in  soil  

is correlated well with soil texture, pH, organic matter, calcium carbonate and other soil 

properties (Sharma et al., 2004). Soil solution is an immediate reservoir of nutrients 

which are taken up by the plant roots (Barber, 1995; Marschner, 1995).  Replenishment  

of  soil  solution for  that particular  nutrient is made  by  the  nutrient which  is held in 

soil solid phase in various forms. Zinc distribution among different soil solid fractions 

also gives an idea  about  the  replenishment  of  soil  solution  Zn  from  solid  phase. 

Various sequential extraction methods (Salbu et al., 1998; Ahnstrom and   Parker,   

1999)   have   been   devised   for   the   assessment   of   different   Zn fractions/pools in   

different soils.  A  better  understanding  of  the  different  Zn fractions in soil is 

necessary  (Sims and Johnson, 1991) for the selection of a best appropriate  method  

which  can  efficiently  remove  nutrients  from that  particular fraction (Nascimento et 

al., 2007). 

2.4. FACTORS AFFECTING ZINC AVAILABILITY 

The most frequent causes affecting soil Zn availability are high soil pH values 

(Shuman, 1980), carbonate content (Kamprath and Foy, 1971; Karmian, 1995) and 
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organic matter, further soil texture and sorption capacity as well as the mainly studied Zn 

interaction with other elements such as iron, copper and manganese (Marschner, 1986), 

and especially phosphorus (Loneragan et al., 1979; Trier and Bergmann, 1974; Sankhyan 

and Sharma, 1997; Deusoza et al., 1998). 

2.4.1. Soil Factors 

 Soil is the aggregate of decaying organic matter (OM); living organisms and 

weathered mineral materials (Bellamy, 2007). In soil, Zn is present in different forms. Of 

the Zn in the soil, primary minerals of Zn complex forms about 15%, about 45% organic 

matter complexes, outer-sphere complexes about 20%, Zn-phosphate about 10%, and Zn- 

absorbed iron of oxyhydroxides about 10% (Sarret et al., 2004). Solubility and the 

availability of Zn is determined by several factors, such as high CaCO3, high pH of the 

soils, clay contents, low organic matter, low soil moisture and high iron and aluminum 

oxides (Cakmak, 2008). A number of soil edaphic factors, including pH, organic matter, 

effective cation exchange capacity and clay have been indicated to affect Zn availability 

in soils (Alloway, 1995; Okafor and Opuene, 2007; Nabulo et al., 2008). The important 

factors are being discussed here. 

 

 

Figure . Simplified diagram of factors that influence soil Zn availability (Alloway, 2004). 

 

2.4.1.1. Soil pH 

 Soil pH is one of the most important factors which control Zn bioavailability to 

plants.  More  than  90  %  variation  in  Zn  availability  to  crop  plants  is  due  to 
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differences in  soil pH values (Wear, 1956). In the Indo-Gangetic plains of India and 

Pakistan, high soil pH is associated with widespread Zn deficiency (Qadar, 2002). 

Increase in soil pH causes a substantial decrease in Zn solubility (Lindsay, 1979). At high 

pH, precipitation reactions are more pronounced while at lower pH Zn adsorption is a 

dominant mechanism controlling Zn solubility and ultimately its availability to the 

growing plants (Gupta et al., 1987). McBride and Blasiak (1979) discussed that different 

adsorption mechanisms control Zn solubility at different pH values. However, Singh and 

Abrol (1985) found  that  precipitation  and  adsorption  may  occur  at  pH  6  and  7.9  

and  that adsorption occurs at pH below 6. At neutral to alkaline pH, hydrolyzed form of 

Zn [Zn  (OH)+]  may  be  specifically  adsorbed   and  contribute  to  decreased  Zn 

availability  for plant growth (Jeffery and Uren,  1983).  This could be the main reason 

for Zn deficiency prevalent in high pH alkaline soils. 

Moreover, Zn sorption in soils with higher pH values is due to increase in total 

number of negative sites on clay minerals and soil organic matter (Harter, 1983; McBride, 

1989).  At alkaline pH values Zn is more strongly adsorbed onto clay minerals i.e.  

surfaces o f  silicate clays  and  oxides  (Jurinak and  Bauer,  1956; Lindsay, 1978; 

Jeffery and Uren, 1983; Harter, 1983) reducing the Zn availability to plants. One unit 

increase in soil pH causes a substantial decrease of 100 fold in Zn availability to the 

crop plants (Lindsay, 1991). 

2.4.1.2. Soil Moisture 

 Zinc fertilizer and water management practices affect yield, quality and Zn use 

efficiency in crops (Ghasemian et al., 2010; Salwa et al., 2011). Soil moisture levels closely 

affect metabolic activity and Zn use efficiency of plants. But, soil moisture may increase or 

decrease severity of Zn deficiency depending on plant species or genotypes and site specific 

soil conditions. Low soil moisture and dry surface layers may restrict root growth and 

absorption capacity (Georgiev, 2004; Kosturkova et al., 2008); hence, Zn deficiency may be 

enhanced. 

Whereas, excess soil water lead to poorly aerated soil conditions. Hence, growth and 

absorption capacity of the roots are also restricted (Lindsay, 1984). On the other hand Katyal 

(1972), reported increase in the Zn concentration of plant under the submerged conditions. 

While, Castro (1977), showed in decrease in the plant Zn content under submerged 
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conditions due to decline in water soluble Zn content, increase concentration of HCO3 and 

other organic acids. 

2.4.1.3. Soil Temperature 

 Increase in temperature on an average of 100C increased the availability of extractable 

Zn up to 15% (Lindsay and Norvell, 1978). Zinc availability of the plant is largely dependent 

on the temperature, specially the higher temperature which increases the availability of 

extractable nutrients in the soil (Leggett and Argyle, 1983; Shkolnik, 1984). Gruen et al. 

(1985) showed that when root zone temperature was low more Zn was absorbed by the plant, 

but remain in the root cells and when the root zone temperature was increased more amount 

of Zn was travelled to the edible parts of the plant. 

2.4.1.4. Soil Texture 

Zinc availability in soil is also associated with the clay minerals and oxides of Fe and 

Mn present in the soil (Barrow, 1993). Gupta (1968) reported that fine textured soils are the 

major source of the micronutrients as compared to the coarse textured soil. The high 

availability of micronutrients in fine textured soil is due to the presence of fine fractions 

which have been derived from more easily weathered minerals which are the main source of 

trace elements (Nair and Cottenie, 1971). Krauskroff (1972) and Shuman (1979) reported 

that large fraction of Zn is associated in clay fraction rather than other. Similarly Pickering 

(1980) discussed that Zn retention is lower in kaolinite compared to illite and montmorillonit. 

This might be due to more isomorphic substitution and   permanent charge in illite and 

montmorillonite clay minerals than kaolinite. 

2.4.1.5. Soil Salinity 

Salinity may reduce Zn uptake due to stronger competition by salt cations at the root 

surface (Tinker and Lauchli, 1984). Salinity may increase Cd uptake and hence decrease Zn 

uptake by plants due to thewell known antagonistic relationship that exists between Zn and 

Cd (Jalil et al., 1994). Enhanced Cd uptake by plants under salt stress (NaCl) might be due to 

the formation of CdCl2 complex which is more soluble and easily taken up by the plant roots 

(Khoshgoftar et al., 2004).  Mostly  but not in all cases saline and sodic soils, the solubility of 

micronutrients including Zn is particularly low, and plants growing on such soils often 

experience deficiencies in these elements (Page et al., 1990). But on the other hand, 
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Ravikovich et al.  (1986) showed that the extent of availability of soil Zn increased with 

salinity (NaCl content) because of the replacement of exchangeable Zn with Na. 

Studies had shown salinity to increase Zn concentration in shoot tissue of maize 

(Rahman et al., 1993). But on the other hand, (Onweremadu et al, 2007) showed that high 

rates of salinity decreased total Zn and Zn content of maize shoots. 

Zinc  application  to  salt  affected  soils improves plant  growth either  by reducing  

the uptake and translocation of toxic ions like Cd2+, Na+   and Cl-   (AbdEl-Hady, 2007)  or 

by widening of Ca/Na and K/Na ratios in the plants (Shukla and Prasad,  1974; Shukla  and 

Mukhi,  1980). Improved plant growth by Zn application under salt stress might be due to the 

involvement of Zn in the regulation of influx and efflux of Na across the cell membrane   

(Aktas et al.,   2006) because, Zn   maintains   membrane   integrity (Cakmak, 2000).  

Moreover,  Zn  is  also  involved  in  detoxification  of  reactive oxygen  species   which  are  

produced  due  to  salt  stress  (Cakmak  and Marschner, 1993). 

2.4.1.6. Soil Organic Matter 

Soil organic matter is an important soil constituent, consisting of range of organic 

compounds such as humic acid, organic acid of low and high molecular weight, lipids, 

waxes, polycyclic aromatic hydrocarbons and lignin fragments (Stevenson, 1991). Many of 

these components of soil organic matter have a strong affinity to bind Zn (Randhawa and 

Broadbent, 1965; Schnitzer and Khan, 1978). Similarly, Mahapatra and Kibe (1974) and 

More et al. (1984) observed a decrease in Zn availability with increase in organic matter 

content and it was attributed to the formation immobile complexes of available Zn with high 

molecular weight compounds such as lignin. Similarly Catlett et al. (2002) observed a 

strong inverse relationship between soil organic matter and soluble Zn in the 

rhizosphere. 

On the contrary, Malewar and Ghonsikar (1984) reported that the Zn availability 

increased with the increased content of organic matter. Similarly, Ozkutlu et al. (2006) 

reported in reduction of Zn solubility and bioavailability in soils with low organic matter 

content. Several scientists have observed increase in Zn solubility and uptake by plants by 

the application of different organic materials (Sinha and Prasad, 1977; Arnesen and Singh, 

1998; Tarkalson et al., 1998). Also the Badry et al. (1982) reported that, with the addition of 

farm yard manure not only increase the organic matter content of the soil but also increase 
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the available Zn content of the soil. However, use of natural organic sources to enhance trace 

element bioavailability in soil depends upon the type, source and form of the organic material 

(Gramss et al., 2003). 

2.4.1.7. Soil adsorption 

The term adsorption is mostly used for the sorption of the chemical elements from the 

solution at the surface of soil particles (Kabata-Pindias and Pindias, 1984). The availability 

of Zn in soil is mostly regulated by adsorption-desorption process and its partitioning 

between the solution and solid phases (Gaudalix and Pardo, 1995; Catlett et al., 2002). Of the 

soil properties, clay, pH, cation exchange properties, organic matter and pedogenic oxides 

exert the most significant influence on the adsorption-desorption reactions of Zn in soils and, 

thus, regulate the amount of Zn dissolved in soil solution (Stahl and James, 1991; Gaudalix 

and Pardo, 1995). Zinc deficiency is also a major problem in calcareous soils of the world 

including Pakistan (Rashid and Rayan, 2004).  This might  be  due  to  the  formation  of 

sparingly soluble ZnCO3 or strong adsorption of Zn on CaCO3 surfaces (Udo et al., 1970), 

because CaCO3  surfaces are sites for precipitation or specific adsorption of metal  ions  

(McBride,  1979;  Papadopoulos and  Rowell,  1988;  Zachara et al., 1991). 

Shukla and   Mittal   (1979)   observed   that   Zn   adsorption   maxima   in calcareous 

soils is related to the presence of CaCO3. Calcareous soils have more quantity of carbonate-

bound Zn than acidic soils (Imtiaz et al., 2006). In addition to that active clay-size fraction of 

CaCO3   is more important compared to total CaCO3   equivalent contents (Elrashidi and Ơ 

Connor, 1982). Moreover, diffusion coefficient  for  Zn  in  calcareous  soils  might  be  50  

times  less  than  acid  soils. Liming of acid soils leads to a decrease in diffusion coefficient 

of Zn similar to calcareous soils (Moraghan and Mascagni, 1991).  This high affinity of 

CaCO3 surfaces to Zn adsorption might be attributed to the CaCO3   magnesium content, 

surface area, negative surface charge and final pH values (Saleh et al., 1998). Carbonate 

found in soils forms an insoluble complex with Zn added as ZnSo4 (Rasouli-Sadeghiani et 

al., 2002). 

2.4.1.8. Interaction with Other Nutrients 

i. Macronutrients  

Kumar et al. (1985) reported that application of heavy doses of Zn (20µg Zn/g soil) 

might decrease the N content which in addition deteriorate the yield and quality of grains and 
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fodder in pearl millet. Similar increases due to Zn application in dry matter and grain yields 

in different crops have also been reported (Kumar et al., 1981). Phosphorus and Zn show 

antagonism (Kanath and Sarkar, 1990) and their interaction may take place in the soil as well 

as in the plant.  Such information in rice about Phosphorus-Zinc interactions have been 

widely investigated in plants (Marschner, 1995).  This interaction falls in two categories 

according to whether increasing P application decrease, or do not decreases Zn concentration 

in plant shoots (Floneragen and Webb, 1993). Beans, maize,  potatoes,  soybeans, sorghum, 

flax, citrus, rice, wheat, tomatoes, and hops have been reported to have experienced P-Zn 

interactions with a consequent detrimental effect on plant growth (Murphy et al., 1981). 

Excess use of phosphate fertilizers in soils with Zn deficiencies causing imposed deficiency 

of Zn in the plants (Robson and Pitman, 1983). Simlrly, by increasing the phosphorus 

concentration, Zn tasks is impaired at specific positions in the cells (Alloway, 2008; 

Mousavi, 2011).  Phosphorus fertilizer affects the available Zn concentration in soil 

(Adiloglu and Adiloglu, 2006). Accordingly concentration of Zn will decline in dry matter 

and crop yield (Khorgamy and Farnia, 2009; Taheri et al., 2011). Zinc deficiency in corn is 

often aggravated by P fertilization, especially on calcareous soils (Langin et al., 1962). 

Similarly, Graham et al. (1987) reported increase in the phosphorus and potassium content in 

plant under Zn deficient soils. Interaction of Zn and potassium has been reported by Biswas 

et al. (1977) and Zhu et al.  (2001)  who explain treatments with low Zn supply reduced the 

potassium concentration in the plant foliage. Likewise, Shear et al. (1948) showed that 

potassium depressed the concentration of heavy metals such as manganese, copper, and 

probably Zn in the shoot. Contradiction to that, the increased concentration of Zn was 

observed with the high level of potassium in wheat and maize by Tandon (1992). Similarly, 

Gupta and Hans (1993) observed positive significant effect of Zn and potassium on quality 

and yield of wheat seeds. But on the other hand, Mengel and Kirby (1978) reported no direct 

interaction of K and Zn in the plant uptake and metabolism. 

ii. Secondary Nutrients 

The secondary nutrients include calcium (Ca), magnesium (Mg) and sulfur (S). Zinc  

deficiency  problem  in alkaline calcareous  soils  having  higher  concentration  of  CaCO3,  

by the enhancement of Zn mining and other induced  changes  in  soil  (Tandon, 1995; 

Mortvedt et al., 1991). Davis-Carter et al. (1991) reported reduction in the Ca concentration 
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of leaf in the plant with the soil Zn application, which shows antagonistic between these two 

elements. Similarly, the inhabitation of Zn uptake and translocation to the plant has been 

reported due to the higher concentration of HCO3
- in the soil by (Forno et al., 1975; Dogar 

and van Hai, 1980). Sulpher and Zn play an important role in the plant nutrition. Reductions 

in the Zn content of rice plant and yield have been observed by the application of sulpher-

coated urea as compared to the prilled urea and supergranuled urea (Khind and Kazibwe, 

1984). Similarly, antagonistic effects of Zn and S have been reported in soybean by Kumar 

and Singh (1980) and in groundnut by Shukla and Parsad (1979). Also, Shah and Datta 

(1991) reported antagonistic effect of S application to the Zn uptake in the rice plant. 

However, the contradictory about the antagonistic and synergistic interaction of Zn and S by 

these two elements in uptake and transport have been reported (Dixit 1981; and 

Pavanasarivam and Axley, 1982). Similarly, Rasavel and Ravichandran (2013) reported the 

positive correlation of Zn and S on the productivity and uptake of rice plant. Agbim (1981) 

showed a positive correlation between the Zn and Mg and reported that Mg application have 

either reduced or had no effect on the Mg concentration of maize, but significant increased in 

Zn concentration and uptake by the maize. Similarly, synergetic interaction of Zn and Mg in 

term of maize grain yield enhancement has been reported (Abunyewa and Mercer-Quarshie, 

2004). 

iii. Micronutrients  

Swietlik (1995) reported that B toxicity symptoms were severe in Zn-deficient plants 

than the Zn sufficient plants. Graham et al. (1987) and Singh et al. (1990) reported that low 

Zn treatment did not affect plant growth, but enhanced B concentration to a toxic level in 

barley (Hordeum vulgare) and wheat (Triticum aestivum) grown on Zn deficient soils. A so 

negative Zn-B interaction has been seen in the plant (Harsharn et al., 1998). Hosseini et al. 

(2007) reported that high levels of B decreased plant height and dry matter production of 

corn (Zea mays L.). Zinc and Fe are antagonistic; of course this is not (always the case and 

even in some cases they are combined and used, they can play a useful and effective role on 

plant growth and increase in the harvest (Baybordi et al., 2000). On the other hand Aref 

(2010) showed the synergistic effect of B and Zn with each other. Similarly, Imtiaz et al. 

(2003) reported Zn deficient plants had significantly higher Fe concentrations in shoots than 

the Zn sufficient plants. When the corn plant is under Zn stress, it absorbs a large amount of 
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Fe and Mn, worsening the adverse effects of Zn deficiency (Tisdale et al., 1993). On the 

contarary, Rengel et al. (1998) and Rengel and Romheld (2000) reported that Zn deficiency 

is lead to Fe deficiency, due to prevent of transfer of Fe from root to shoot in Zn deficiency 

conditions. Zinc deficiency increases Fe uptake by certain plants (Francois and Goodwin, 

1972), sometimes to toxic levels (Adams and Pearson, 1967). Imtiaz et al. (2003) reported 

that application of Zn had an adverse effect on the Cu concentration in the plant tissue. High 

Zn availability in the soil can accentuate Cu deficiencies (Haldar and Mandal, 1981). Since 

Cu and Zn are presumably absorbed through the same mechanism, each competitively 

inhibits the uptake of the other (Bowen 1979). Similarly, a negative interactive effect of Zn 

with Cu and Cd was observed due to the antagonistic effect and same membrane 

permeability (Moustakas et al., 2011; Mousavi, 2011). Also reduction in Cd concentration 

was observed by (Tiller et al., 1993) under the marginal Zn status of the soil. Jalil et al. 

(1994) reported that this antagonistic relationship might be due to the substitution of Cd to 

the Zn due to similarity in their chemical properties. Likewise, Dar et al. (2012) showed 

antagonistic effect of Zn application on Cd concentration of the wheat grain under Cd 

polluted soil. Zinc and Mn are antagonistic, and Mn uptake by plants is reduced with 

application of Zn fertilizers (Haldar and Mandal, 1981). 

2.4.2. ENVORONMENTAL FACTORS 

The effect of high light intensity and long day length has been shown to be a major 

factor in the development of Zn deficiency symptoms (Marschner and Cakmak, 1989). The 

effect of light intensity and long day length could be mediated through the role of Zn in the 

enzymes of photosynthesis (Marschner, 1993). Variations in light intensity or photoperiod 

also affect Zn requirements by affecting the rate of photosynthesis and thus the metabolic 

demand for CO2. Decreasing the light intensity decreases photosynthetic C-fixation rates, 

which lowers CA activities in phytoplankton (Berman-Frank et al., 1995). Afsharnia et al. 

(2013) showed that the Zn deficiency under the low light intensity reduces the 

photosynthesis, transpiration, stomatal conductance and antioxidant activity of the enzymes 

in the corn. 

2.4.3. VARIETAL FACTORS 

The response of crop species even the genotypes vary in their response to Zn 

(Hasisalihoglu and Kochian, 2003; Khoshgoftarmanesh et al., 2004). Variation in response to 
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the Zn by different varieties of maize and other crops has been reported by (Cakmak et al., 

1999; Fageria, 2001). Varieties which are not responsive to Zn fertilization but capable to 

grow well and gave optimum yield in a Zn deficient soil are known as “Zn efficient” 

(Graham, 1984). Genotypic changes in Zn concentration of corn and use efficiency has also 

been reported in many previous studies (Bänziger and Long, 2000; Oikeh et al., 2003). 

Cakmak et al. (1994) showed that Zn inefficient durum wheat cultivar shown earlier and 

more intense Zn deficiency than Zn-efficient wheat cultivar.  

Several mechanisms for the enhanced performance of Zn use efficiency in plants 

involved: 1) root mediated processes which increase Zn availability for growing plants, 2) 

increased root intake and displacement of Zn from root to shoot, 3) changes in individual cell 

separations Zn in slide-cells, and 4) an effective biochemical usage of Zn shoot cells 

(Hasisalihoglu and Kochian, 2003). Morphological and physiological characters of roots 

have also been related to the genotypic ability which overcome on the Zn deficiency and also 

enhanced the uptake of Zn and release the exudates in the rizosphere (Cakmak et al., 1998; 

Erenoglu et al., 1999). The roots of rice cultivars with higher zinc requirement have to be 

observed more efficient in the absorption of Zn than the inefficient cultivars (Bowen, 

1986). In contrast, a correlation between efficacy and rates of root was Zn absorption in 

bread wheat varieties have not been detected (Rengel and Graham, 1995). Hopkins et al. 

(1998) reported that maize plant root release lesser amount of root exudates as compared to 

the wheat and sorghum plant and hence the prevalence of Zn deficiency in maize is much 

greater as compare to wheat and sorghum under the same field conditions. Genotypic 

variation in their tolerance to Zn deficiency had also been reported by (Cakmak et al., 2001). 

Similarly, Hossain et al. (2011) and Karaman et al. (2013) investigated the difference among 

the genotypes of maize and soybean to the applied Zn. 

2.5. ZINC SOURCES AND APPLICATION 

The effect of Zn fertilization on growth and yield of many plants such as alfalfa, 

wheat, maize, barley, cotton and potato were investigated in numerous researches and 

observed increasing in yield with Zn application (Bukvic et al., 2003; Mousavi et al., 2007; 

Galavi et al., 2011; Xi-Wen et al., 2011). NFDC (1998) reported that the increase in the yield 

of different crops with Zn application was wheat (13%), rice (12%), cotton and sugarcane 

(8%), maize and sunflower (18%). Tahir et al. (2009) reported significant increase in yield 
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and yield component of maize by the application of Zn; however, the oil content of the maize 

grain seed was not increased significantly. Similarly, the total dry matter yield and Zn uptake 

was increased with the application of zinc as compared to control treatment (Singh et al., 

1979). In addition, Shanmugasundaram and Savithri (2005) reported in increase dry matter 

yield and final grain yield of maize crop by application of Zn over the control treatment. 

Chlorophyll content, leaf area index and relative growth rate of maize crop was increased 

with the application of Zn (Chaab et al., 2011). 

2.5.1. Sources of Zinc 

Table. 2.1. Commonly Used Zinc Fertilizers 
Compound Formula Zinc Content % 

Inorganic Compounds 
Zinc sulphate monohydrate ZnSO4.H2O 36 
Zinc sulphate heptahydrate ZnSO4.7H2O 22 
Zinc oxysulphate xZnSO4.xZnO 20-50 
Basic zinc sulphate ZnSO4.4Zn(OH)2 55 
Zinc oxide ZnO 50-80 
Zinc carbonate ZnCO3 50-56 
Zinc chloride ZnCl2 50 
Zinc nitrate Zn(NO3)2.3H2O 23 
Zinc phosphate Zn3(PO4)2 50 
Zinc frits Fritted glass 10-30 
Ammoniated zinc sulphate 
solution 

Zn(NH3)4SO4 10 

Organic Compounds 
Disodium zinc EDTA Na2ZnEDTA 8-14 
Sodium zinc HEDTA NaZnHEDTA 6-10 
Sodium zinc EDTA NaZnEDTA 9-13 

Source: Alloway (2008) 
 

Zinc is the 24th most abundant element on the surface of earth crust, thus making the 

share about 0.0075% of the total earth crust (Emsley, 2001). Malle (1992) reported the 

overall Zn level ranging from 10 and 300 mg/kg with an average of 70 mg/kg (dry weight). 

Lehto (1968) stated that Zn is found in ores with base metals like copper and lead in 

association. Zinc is chalcophile, which mostly bond with the sulphides (Greenwood and 

Earnshaw, 1997). Sphalerite form of the Zn sulphide is the most heavily Zn mined containg 

ore which concentrate about 60-625 Zn (Emsley, 2001). Other sources, from which Zn can 

be extracted includes  smithsonite (zinc carbonate), hemi-morphite (zinc silicate), 
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wurtzite (another source of zinc sulfide), and sometimes hydro-zincite i.e. basic Zn carbonate 

(Emsley, 2001). Tolcin (2011) reported that the total world Zn resources are about 1.9 billion 

tons. 

2.5.2. Zinc Application Methods 
Improving plant micronutrient status in situations where micronutrient nutrition is 

inadequately supplied from the soil would increase yield. Zinc fertilizer may can be applied 

either directly to the soil, to the plant by foliar application, or by the seed treatment. Soil 

application of nutrients has to be shown easiest and effective method in several cases 

(Graham and Ascher, 1993). This, however, requires application of higher doses of fertilizer 

to soils because of low nutrient-use efficiency (Singh, 2007). Usually more quantity is 

required for broadcast soil application than foliar application (Gupta, 1979) and also proved 

to be less efficient (Darjeh et al., 1991; Yaserbi et al., 1994). Foliar sprays have been more 

effective in yield improvement and grain enrichment; but high cost has restricted its wider 

adaption, particularly by resource-poor farmers (Johnson et al., 2005). Moreover, foliar 

application occurs at later growth stages when crop stands are already established. Priming of 

crop seed with the nutrient provides a simple and inexpensive method for improving the 

micronutrient nutrition and production of crops (Harris, 1996; Harris et al., 1999; Singh et 

al., 2003). 

2.5.2.1. Soil Application  
Soil application of the Zn fertilizer is easy for applying the fertilizer. It also improves 

the nutrient status of the soil and can be helpful for the succeeding crop. Dry matter yield of 

upland rice is appreciably improved with the Zn application; though, yield of common bean 

have significant negative influence of Zn application (Fageria, 2002). Similarly soil 

application of 2.5 kg Zn ha-1 appreciably increases the ear weight, leaf N and Zn, but P 

concentration was considerably decreased and the grain yield was positively correlated with 

ear leaf Zn. (Kayode, 1985). Tassel formation and pollen development were retarded and 

anther failed to develop due to the Zn deficiency and on resuming the zinc application 

through roots vegetative growth was partially rehabilitated and short axillary buds were 

formed but the anthers remain retarded (Sharma et al., 1986).  

Abunyewa et al. (2004) reported increase in the yield of maize crop from 84% to 

108% during the three-year period of Zn application. Zinc application increased the 

concentration of Zn in shoot of different maize cultivars. Zn efficient cultivars have highest 
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shoot dry weight than Zn inefficient cultivars in Zn scarce calcareous soils (Chaab et al., 

2010). Yield and yield component of maize were significantly increased with application of 

soil applied as compared to the control treatment (Tariq et al., 2002; Singh et al., 1983). Zinc 

fertilization increases the grain yield and Zn content of maize grain. Maize hybrids give more 

encouraging response as compared to the synthetic variety and their levels of Zn response 

were different from each other (Kanwal et al., 2010). Combined soil application of Fe, Mn 

and Zn significantly increase number of cobs per plant, grains per cob, 1000-grain weight 

and grain yield of maize showing thereby synergetic relationship with each other 

(Himayatullah and khan, 1998). Shanmugasundaram and Savithri (2006) showed that the Zn 

content of maize grain and leaves were boosted by the soil application of Zn with higher rate. 

2.5.2.2. Foliar application  
Foliar spray of the fertilizer is an efficient way to correct the deficiency of the 

particular nutrient. Foliar application of nutrients includes the possibility of nutrients to the 

plants when soil conditions restrict the root up take, or during rapid growth periods, 

requirement may exceed root supply (Swietlik and Faust, 1984). Maize crop response was 

significant to Zn foliar application in three years of study. The optimal rate of Zn foliar spray 

for achieving significant grain yield response was in the range from 1.0 to 1.5 kg Zn ha-1 and 

yield increased was 18% (mean of three years) with no Zn application (Potarzycki and 

Grzebisz, 2009). Two times foliar spray with 0.5% ZnSO4 solution increased the yield up to 

29% over control and also increased the protein and oil percent of the seed (Khattak et al., 

2006). Similarly, nutritional value and the cob index of spring-sown maize were enhanced by 

the application with foliar spray of Zn at 4-7 leaf stage of the maize plant (Leach and 

Hameleers, 2001). Zinc application especially foliar application at the rate of 5 kg Zn ha-1 in 

the form of 0.5% of Zn SO4.7 H2O solution, reduced the total dry matter accumulation and 

stalk diameter but increased the ear leaf Zn concentration (Bukvic et al., 2003). 

Due to the continuous application of phosphorus fertilizer application the P level of 

soils was increased which damage the nutritional balance of the soil and caused increase in 

micro element deficiency in the soil, so the application of 20ppm Zm increased the dry 

matter content and yield of the maize (Belliturk and Sozubek, 2009). Grzebisz et al. (2008) 

investigated that the foliar application of Zn enhances the uptake and accumulation of 

nitrogen and finally increased the maize grain yield. Foliar application of Znhad a positive 
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effect on the growth parameters, yield and yield component on maize crop (Thalooth et al., 

2006). Ranjbar and Bahmaniar (2007) showed that the combine application of Zn 

(soil+foliar) increased the plant height, total dry matter, yield, 1000-grain weight, grain and 

leaf Zn content and protein content of the grain. Similarly Ebrahim and Aly (2004) reported 

that the foliar application of Zn sulphate increased the zinc content of leaf and protein 

content of grain. Foliar application of Zn increases the nutrient concentration in leaves and 

improves the nutrient balance leading to yield increase (Shaaban, 2001). 

2.5.2.3. Seed priming  
Seed priming is a practice to improve the germination performance of seed, inducing 

more rapidly and uniform germination above broader germination ranges and breaking 

dormancies inbuilt in certain species (McDonald, 1999). During priming, seeds are hydrated 

to a level lower than that required for radicle emergence, allowing pre-germinative 

metabolism to continue, and after that dried to the original moisture content (McDonald, 

2000). Treating seeds with micronutrients provide an easy and economical method for 

improving micronutrient plant nutrition. Seed priming with water results in decrease in time 

between sowing and emergence and enhance the seedling vigor (Parera and Cantliffe, 1994). 

Seed priming with micronutrients is as soaking of crop seeds in nutrient solution over 

night or as the case may be. Seed priming with 1% Zn solution increases the mean grain 

yield, total dry matter, stover dry matter, cob yield, and individual cob weight, grain number 

per cob, cob number and 1000-grain weight. Plant population density and shelling percentage 

were unaffected by either treatment but the grain Zn concentration was also increased. The 

apparent recovery of added Zn in the grain was much higher for seed priming (at around 

80%) than the less than 1% for soil fertilization (Harris et al., 2007). While, Foti et al. (2008) 

reported that seed priming with Zn sulphate increased the germination and emergence of 

maize caryopses both under laboratory and field condition. Ali et al. (2008) evaluated the 

effect of   nutrient   seed   priming   on   yield   and    yield components  of  maize  variety  

‘Azam’,  at  different levels  of  soil  P  application. Nutrient seed priming resulted in more 

number of cobs plot-1, grains cob-1, 1000- grain weight and biological yield of maize crop 

even at lower soil application. 

Seed priming enhanced the vigorous early seedling growth and better crop stand 

establishment (Arif et al., 2005 and Ali et al., 2007). Aboutalebian et al. (2012) showed that 
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seed priming with Zn sulphate solution speed up the emergence of crop and finally increase 

in grain yield. Similarly the highest maize grain yield was recorded when the priming of seed 

was done with the Zn sulphate solution (Tabrizi et al., 2011). 

2.6. CONCLUSION 
In conclusion, farmers have to produce the high-quality, nutritious food through 

increased agricultural productivity focusing on more efficient, effective and sustainable use 

of all available nutrient resources will help to restore the food supply and demand balance, 

making food affordable, increasing farmer’s incomes and reducing the number of those who 

are food-deprived, hungry, malnourished and undernourished. The previous studies revealed 

that the Zn application increase the productivity and improve the nutritional value of the 

maize crop also having some measurable impacts on the growth and development on the 

crops. This study is aimed to investigate the appropriate method and level of Zn application 

for maize hybrids of different growth characteristics. 
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CHAPTER 3     

MATERIALS AND METHODS 
 

3.1 Experimental environments 

The environments in which experiments were conducted are briefly described as 

follows. 

3.1.1 Site 

Two experiments were conducted at the Agronomic Research area, University of  

Agriculture,  Faisalabad,  Pakistan,  during  the  year  2009  and  repeated  in  2010. 

Faisalabad, a district of the Punjab province (Pakistan) lies at 310 C north latitude and 730 C 

longitude. The general elevation of the land is about 184.4 m above sea level. 

3.1.2 Soil 

Before sowing of the crop, ten soil samples were taken with a soil auger at the depth 

of 0 – 15 cm and 15 – 30 cm from different places in the experimental area. The samples 

were mixed thoroughly to obtain a composite sample prior to sowing of the crop. The 

composite sample was examined for its physico-chemical properties (Table 3.1) by 

bouyoucos hydrometer method and percentage of sand, silt and clay were determined by 

using textural triangle (Moodie et al., 1959). DTPA extractable Zn in soil was determined 

with atomic absorption spectrophotometer (Chapman, and Pratt, 1961) by extraction with 

0.005 M DTPA (Lindsay and Norvell, 1978). 

3.1.3 Meteorological data 

The meteorological data for the growth period of the experimental crop were 

collected from the meteorological observatory of the Department of Crop Physiology, 

University of Agriculture, Faisalabad, Pakistan and are given in Figure 3.1. The 

meteorological station is situated about 600 m away from the experimental site.   

3.2 Experiments and Treatments: 

The study comprised of the following two experiments.  The detail for each is as 

under: 
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Table 3.1 Physico-chemical analysis of Soil (on dry weight basis) 

DETERMINATION 

2009 2010 

Experiment Experiment 

I II I II 

A. Mechanical Analysis of Soil 

Sand (%) 66 67 66 65 

Silt (%) 16 16 17 16 

Clay (%) 18 17 17 19 

Sandy clay Loam 

B. Chemical Analysis of Soil 

Saturation % 39 38 38 37 

EC (dS m-1) 1.59 1.66 1.71 1.69 

pH 7.9 8.2 8.0 8.1 

Organic Matter (%) 0.69 0.72 0.70 0.74 

Total Nitrogen (%) 0.049 0.050 0.052 0.050 

Available P (ppm) 5.08 5.25 5.77 5.34 

Available K (ppm) 180 175 171 175 

Available Zn (ppm) 0.96 0.98 1.03 0.98 
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Figure 3.1: Meteorological data during the crop season 2009 and 2010 at experimental 

site 
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3.2.1 EXPERIMENT No. 1 

Comparison of zinc application methods and time on the performance of hybrid 

maize. 

In this experiment the Zn was applied as soil application (5, 10 kg ha-1) or foliar 

application (0.5, 1.0% ZnSO4 foliar spray) alone or in combination on maize hybrids (DKL-

919 and Pioneer 30-Y-87). Granular Zn fertilizer was used for soil application and was 

applied as broadcasting during seedbed preparation before sowing while the foliar spray of 

Zn was applied one month after sowing with the help of knapsack sprayer. 

3.2.2 EXPERIMENT NO.2 

Influence of exogenous zinc application on the allometry, growth and yield of 

maize hybrids. 

In this experiment Zn was applied as seed priming with ZnSO4 (1.0, 2.0% ZnSO4 

solution) or foliar application (1.0, 2.0% ZnSO4 foliar spray) alone and in combination on 

maize hybrids (DKL-919 and Pioneer 30-Y-87). For seed priming, seeds were soaked in 

aerated conditions with respective concentration of Zn solution for 16 h, keeping seed: 

solution ratio 1:5 (w/v) at 25±2 °C. After that, seeds were removed and were given three 

surface washings and re-dried with forced air in shade near to its original weight and stored 

for further use. Foliar spray of Zn was applied one month after sowing with the help of 

knapsack sprayer. 

3.2.3.1 Layout 

Experiment  was  laid  out  in  a  randomized  complete  block  design with factorial 

arrangement and  was replicated three times. Net plot size was 3 m x 5 m (Fig. 3.2, 3.3). 

3.2.3.2 Sowing 

Seedbed was prepared by cultivating the soil 2-3 times with tractor mounted 

cultivator each followed by planking.  Maize hybrids were sown on 3rd of August during 

both years (2009 and 2010). Sowing was done by dibbling method (by placing 2 seeds 

manually per hill at 20 cm apart hills) on 75 cm apart ridges. 

3.2.3.3 Fertilizer application 

Recommended dose of NPK fertilizers were applied at the rate of 250, 125 and 125 

kg ha-1 N, P2O5 and K2O, respectively. All of phosphorous, potash and half of the nitrogen 

were applied at the time of sowing in the form of SSP (Single Super Phosphate), SOP  
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Fig 3.2: Layout plan for experiment-I 

 
H1 = DK-919, H2 = Pioneer 30-Y-87, Z0 = Control, Z1= Zn as soil application (5 kg ha-1), Z2 = Zn as soil application (10 kg ha-1), Z3 = 
Zn Foliar spray (0.5%), Z4 = Zn Foliar spray (1%), Z5 = Zn as soil application (5 kg ha-1) + Zn Foliar spray (0.5%), Z6 = Zn as soil 
application (5 kg ha-1) + Zn Foliar spray (1%), Z7 = Zn as soil application (10 kg ha-1) + Zn Foliar spray (0.5%), Z8 = Zn as soil 
application (10 kg ha-1) + Zn Foliar spray (1%). 
NEA = non experimental area  
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Fig 3.3: Layout plan for experiment-II 

 
H1 = DK-919, H2 = Pioneer 30-Y-87, Z0 = Control, Z1= Zn Seed priming (1%), Z2 = Zn Seed priming (2%), Z3 = Zn Foliar spray 
(1%), Z4 = Zn Foliar spray (2%), Z5 = Seed priming (1%) + Zn Foliar spray (1%), Z6 = Seed priming (1%) + Zn Foliar spray (2%), Z7 
= Seed priming (2%) + Zn Foliar spray (1%), Z8 = Seed priming (2%) + Zn Foliar spray (2%). 
NEA = non experimental area 
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(Sulphate of Potash) and Urea. Remaining half nitrogen was applied one month after sowing. 

ZnSO4 with granules size of about 1 mm to 2 mm was used as source of Zn. Zinc application 

rates for both the experiments were selected on previous basis.  

3.2.3.4 Irrigation 

The first irrigation was given ten days after germination. All the subsequent 

irrigations were applied weekly through flooding. 

3.2.3.5 Maintenance of plant population  

Thinning was done at 3-4 leaf stage to maintain a single plant at each hill. 

3.2.3.6 Weed control 

Crop was kept free of weeds by hoeing twice to avoid weed -crop competition. 

3.2.3.7 Other agronomic practices 

All other agronomic practices like insecticide application were kept normal and 

uniform for all the treatments. 

3.2.3.8 Harvesting 

Crop was harvested manually during the 30th of November during both years of 

experimentation. 

3.2.3.9 Observations recorded 

Following observations  were  recorded  during both the years of 

experimentation. 

A. Yield and yield components 

Plant population at harvest (m-2) 

Cob length (cm) 

Cob diameter (cm) 

Number of cobs per plant 

Number of grain rows per cob 

Number of grains per cob 

1000- Grain weight (g) 

Number of days taken to tasseling 

Number of days taken to silking 
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Number of days taken to maturity 

Biological yield (t ha-1) 

Grain yield (t ha-1) 

Harvest index (%) 

B. Allometry  

Plant height at maturity (cm) 

Stem diameter (cm) 

Leaf Area Index (LAI) 

Leaf Area Duration (LAD) 

Crop growth Rate (g m-2 d-1) 

Net Assimilation Rate (g m-2 d-1) 

C. Quality parameters 

Grain protein content (%) 

Grain zinc content (mg kg-1) 

D. Statistical analysis 

E. Economic analysis 

Procedures for recording observation 

1. Plant population at harvest (m-2) 

All the plants were counted in a plot at harvesting time and was calculated on m-2 

basis. 

2. Plant height at maturity (cm) 

Ten  plants  were  selected  at  random  from  each  experimental  unit  and  their 

height was  measured  from ground surface to the top of plant.  Then average plant height 

was determined. 

3. Stem diameter (cm) 

The diameter of ten randomly selected plants at maturity from each sub plot was 

measured with the help of vernier caliper from three places of stem (top, middle and bottom) 

and then average diameter of stem was calculated. 
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4. Cob length (cm) 

The length of 10 randomly selected cobs from each subplot was measured with the 

help of “a measuring tape” and then average was calculated. 

5. Cob diameter (cm) 

Ten cobs were taken from each subplot at random, their diameter from three places 

was measured by vernier caliper and average diameter was calculated. 

6. Number of cobs per plant 

Ten  plants from  each subplot  were  selected  at  random  and their  total  cobs were 

counted and then average number of cobs per plant was calculated. 

7. Number of grain rows per cob 

Ten randomly selected cobs from each subplot were taken; grain rows of each cob 

were counted and then averaged to get grain rows per cob. 

8. Number of grains per cob 

Grain number per cob was averaged from total number of grains of ten randomly 

selected cobs from each subplot. 

9. 1000- grain weight (g) 

Three samples, each of 1000-grains were taken randomly from the seed lot of each 

subplot, weighed and then averaged. 

10. Number of days taking to tasseling  

For this observation ten plants were selected from each plot at random, tagged and 

noted the date of tasseling. The average numbers of days taken to 50 % tasseling were 

calculated from date of sowing.   

11. Number of days taking to silking  

The same tagged plants in each plot were kept under observation and observed their 

date of 50 % silking and mean days to silking were worked out from date of sowing. 

12. Number of days taking to maturity  

The same tagged plants in each plot were kept under observation and observed their 

date of 50 %maturity and mean days to maturity were worked out from date of sowing. 

13. Growing degree days 

Thermal time and growing degree days was calculated as suggested by Gallagher et 

al. (1983). 
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    ∑(Tmax + Tmin) 
  Tt =           ------------------------------  - Tb 
                                                            2 

Where  

Tt is thermal time, T max is maximum temperature of a day, T min is minimum temperature 

of a day and Tb is base temperature taken as 8 ˚C for maize (FAO, 1978). 

14. Grain yield (t ha-1) 

Grain yield was recorded on subplot basis and then converted into tons per hectare (t 

ha-1). 

15. Biological yield (t ha-1) 

Biological yield comprises grain, stover and pith yield.   Crop from each subplot was 

harvested manually, sun dried and weighed to determine the biological yield in kg per plot 

and then converted to t ha-1. 

16. Harvest index (%) 

Harvest index (HI) indicates the ratio of grain yield to biological yield. It was 

calculated by using the following formula. 

                                                             Grain yield 
                                          HI    =   ----------------------  × 100 
                                                         Biological yield 
17. Leaf area index 

The five plants which were harvested for TDM after fourteen days interval leaves 

fresh weight of these plants were also recorded then component fractions of the leaves the 

weight was obtained by electric balance. Leaf area was measured by using laser leaf area 

meter (Laser Area Meter CI-203 and Serial Number 203-2.13-08059). Leaf area index (LAI) 

was calculated as the ratio of leaf to land area by using the following formula given by 

Watson (1952). 

Leaf area per plant 
LAI = --------------------------------------- 

Ground area per plant 
18.  Leaf area duration (days)  

Leaf area duration (LAD) for each sampling date was estimated according to Hunt 

(1978). 

                    (LAI1+LAI2) x (T2 – T1) 
LAD = --------------------------------------- 

                                                      2 
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Where, 

 LAI1 and LAI2 were the leaf area indices at time T1 and T2, respectively. Cumulative LAD 

at final harvest was calculated by adding all LADs values.  

19. Crop growth rate (g m-2 d-1)  

Dry weight (DW) per plant was recorded at fortnight interval.  Sampling was initiated 

30 (DAS) and terminated after 105 (DAS).  At each time period, five plants were taken at 

random from each subplot. Soon after harvest each sample was weighed to determine the 

fresh weight and then chopped into small pieces.  Chopped material was mixed thoroughly.  

Sampling weighing 200 g each were taken in muslin cloth bags and oven dried at 75 + 50 0C 

to the constant dry weight.  Then dry weight per plant  was  calculated  and  used  to  

determine  the  crop  growth  rate  (CGR)  by  the formula described by Hunt (1978) as 

under: 

   W2-W1 
CGR = -------------- (g m-2 day-1) 

    T2-T1 
Where   W1 = Dry weight m-2 ground area at first harvest 

W2 = Dry weight m-2 ground area at second harvest  

 T1 = Time corresponding to first harvest 

 T2 = Time corresponding to second harvest 

20. Net assimilation rate (g m-2d-1)  

The mean net assimilation rate (NAR) was estimated by using the formula of Hunt   

(1978). 

   TDM 
NAR = -------------- (g m-2 day-1) 

                          LAD 
Where,  

TDM and LAD are the total dry matter and leaf area duration respectively at final harvest. 

21. Grain protein content (%) 

Nitrogen  content  of  maize  seed  sample  collected  from  each  subplot  was 

determined  by  using  the  micro-Kjeldhal  method  (Jackson, 1962)  and  then  the crude 

protein content was calculated by using the following formula. 

Crude protein = Nitrogen x 6.25. 
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22. Grain zinc content (%) 

Maize grain grinded samples (0.5 g) were digested in a 2:1 mixture of nitric-

perchloric acid (HNO3:HClO4). The flasks were placed on hot plate in a digestion chamber 

and temperature was gradually increased up to ~ 230 °C. The flasks were heated at this 

temperature until the production of brown NO2 fumes ceases and dense white fumes of 

HClO4 appeared in the flasks. The contents were further evaporated until the volume was 

reduced to about 3–5 ml, but not to dryness. The completion of digestion were confirmed 

when the liquid became colorless. Then 20 ml distilled water was added after cooling the 

flask. Volume was made up with distilled water and the solution was decanted. Aliquots of 

this solution were used for the determination of Zn by using atomic absorption spectroscopy 

(Wright and Stuczynski, 1996). 

23. Zinc use efficiency (kg kg-1) 

Agronomic Zn use efficiency (ZnUE) was determined by the following formula 

(SSSP, 1994):  

           Grain yieldF-Grain yieldC 
ZnUE (kg kg-1) =  ----------------------------------------- (kg kg-1) 

        Fertilizer nutrients applied (kg) 
Where, 

F = Fertilized crop  

C = Control crop   

24. Apparent Zn recovery efficiency in grain 

The apparent Zn recovery efficiency is defined as the quantity of Zn absorbed by 

the grains per unit of Zn applied. It was calculated with the help of following formula 

(SSSP, 1994): 

                             Nutrient uptake by - Nutrient uptake by 
        fertilized crop unfertilized crop 

Apparent Zn recovery efficiency = ------------------------------------------------- × 100 = %         
             Quantity of nutrients applied  

25. Statistical analysis 

The data collected on various growths, yield parameters was analyzed statistically 

using Fisher’s analysis of variance technique, and least significant difference (LSD) test at 

5% probability level was employed to test the significance among treatment means (Steel et 

al., 1997). 
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26. Economic analysis 

a. Net field benefits  

Net field benefits were determined by subtracting the total cost (which includes all 

charges e.g. labour, land rent, equipments, fertilizers, pesticedes, harvesting, threshing etc) 

from the gross benefits of each treatment combination (CIMMYT, 1988). Input and output 

cost of each treatment combination was converted to Rs. ha-1.  

b. Benefit-cost ratio  

 Benefit-cost ratio was calculated by dividing gross income to the total cost of 

production. 
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CHAPTER 4        

RESULTS AND DISCUSSION 
 

Study to evaluate the effect of different Zn application methods on the productivity 

of maize hybrids was carried out at Agronomic Research Area, University of Agriculture, 

Faisalabad for two consecutive years (2009 and 2010). Results obtained are presented and 

discussed as under. 

4.1. Experiment No. 1 

Comparison of zinc application methods and time on the performance of hybrid maize. 

4.1.1. Yield and yield components 

4.1.1.1. Plant Population (m-2) 

The effects of methods and dose of Zn application on plant population of maize 

hybrid could not produce significant results in growing season of both the years (Table 4.2). 

4.1.1.2. Number of Cobs per plant 

Non-significant difference was observed for number of cobs per plant by Zn 

application, maize hybrids and their interaction during growing season of both the years 

under study (Table 4.3). 

4.1.1.3. Cob Length (cm) 

Zinc application significantly improved cob length of maize crop during both 

experimental years. During experimental year 2009 only main effect were significant while 

during year 2010 interactions were also significant (Table 4.4). 

During experimental year 2009 maximum cob length was recorded with combined 

application of Zn as soil application (10 kg ha-1) and foliar spray (1%) with similar results in 

all combine application methods and sole application of Zn as foliar spray (1%) followed by 

application of Zn as foliar spray (0.5%) alone. Among maize hybrids Pioneer 30-Y-87 

produced lengthy cob than DK-919. During year 2010 interactions were significant and 

maximum cob length was recorded in maize hybrid Pioneer 30-Y-87 with combined 

application of Zn as soil application (10 kg ha-1) and foliar spray (1%). Theses results were 

followed by same Zn application treatment in maize hybrid DK-919. 
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Table. 4.1. Analysis of Variance Table for effect of zinc application methods and time on plant population at harvest, cob 
length, cob diameter, number of cobs per plant and number of grain rows per cob of maize. 

S.OV. = Source of Variation, D.F. = Degree of Freedom, M.S.S. = Mean Sum of Squares  
* = Significant at P < 0.05, ** = Significant at P < 0.01, ns = Non-significant 
  

S.O.V 
D.F

. 

M.S.S 

Plant population at 
harvest  

Cob length  Cob diameter  
Number of cobs per 

plant 
Number of grain 

rows per cob 
2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 

Replication 2 0.10  0.10 4.61 0.00 0.00 0.00 0.00 0.00 0.87 0.00 

Zinc application 
methods (Z) 

8 0.02  ns 0.07 ns 32.49 ** 36.28 ** 0.23 ** 0.08 ** 0.00 ns 0.00 ns 0.37 ns 0.03 ns 

Hybrids (H) 1 0.01 ns 0.01 ns 44.84 ** 6.82 ** 0.02 ** 0.00 ns 0.01 ns 0.02 ns 0.00 ns 0.18 ns 

Z × H 8 0.05 ns 0.05 ns 0.85 ns 0.73 ** 0.00 ns 0.00 ns 0.00 ns 0.00 ns 0.13 ns 0.060 ns 

Error 34 0.07 0.06 3.34 0.00 0.00 0.00 0.01 0.01 0.85 0.045 

Total 53           



48 
 

Table:4.2. Effect of zinc application methods and time on plant population (m-2) of 
maize. 

Zinc Application 

Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK = Control (No zinc 
application) 

6.33 6.55 6.44 6.44 6.11 6.27 

S1 = Soil application (5 kg 
ha-1 ZnSO4)  

6.44 6.44 6.44 6.44 6.33 6.38 

S2 = Soil application (10 kg 
ha-1 ZnSO4)  

6.44 6.33 6.38 6.44 6.55 6.49 

F1 = Foliar application 
(0.5% ZnSO4)  

6.55 6.22 6.38 6.44 6.55 6.49 

F2 = Foliar application 
(1.0% ZnSO4)  

6.33 6.44 6.38 6.22 6.33 6.27 

S1 + F1 6.44 6.55 6.49 6.55 6.44 6.49 

S1 + F2 6.43 6.33 6.38 6.55 6.32 6.43 

S2 + F1 6.22 6.44 6.33 6.33 6.22 6.27 

S2 + F2 6.66 6.33 6.49 6.44 6.66 6.55 

Mean 6.42 6.39  6.42 6.39  

LSD at P 0.05 Treatment: NS, Hybrids: NS, 
Interaction: NS 

Treatment: NS, Hybrids: NS, 
Interaction: NS 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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Table:4.3. Effect of zinc application methods and time on number of cobs per plant of 
maize. 

Zinc Application 

Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK = Control (No zinc 
application) 

1.03 1.03 1.03 1.06 1.06 1.06 

S1 = Soil application (5 kg 
ha-1 ZnSO4)  

1.07 1.1 1.08 1.1 1.16 1.13 

S2 = Soil application (10 kg 
ha-1 ZnSO4)  

1.07 1.07 1.07 1.06 1.16 1.11 

F1 = Foliar application 
(0.5% ZnSO4)  

1.07 1.13 1.1 1.1 1.1 1.1 

F2 = Foliar application 
(1.0% ZnSO4)  

1.1 1.17 1.13 1.06 1.03 1.05 

S1 + F1 1.07 1.1 1.08 1.03 1.2 1.11 

S1 + F2 1.1 1.13 1.12 1.1 1.06 1.08 

S2 + F1 1.1 1.13 1.12 1.03 1.1 1.06 

S2 + F2 1.13 1.17 1.15 1.13 1.16 1.15 

Mean 1.11 1.08  1.07 1.11  

LSD at P 0.05 Treatment: NS, Hybrids: NS, 
Interaction: NS 

Treatment: NS, Hybrids: NS, 
Interaction: NS 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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Table:4.4. Effect of zinc application methods and time on cob length (cm) of maize. 

Zinc Application 

  Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK = Control (No zinc 
application) 

13.94  15.03  14.48  D 11.04 n 11.16 n 11.10 G 

S1 = Soil application (5 kg 
ha-1 ZnSO4)  

14.76  16.34  15.55 CD 12.69 k 12.32 l 12.50 F 

S2 = Soil application (10 kg 
ha-1 ZnSO4)  

14.92  17.85  16.38 CD 12.12 m 12.86 J 12.49 F 

F1 = Foliar application 
(0.5% ZnSO4)  

16.08  18.64  17.36 B-D 13.85 i 13.97 hi 13.91 E 

F2 = Foliar application 
(1.0% ZnSO4)  

19.12  21.34  20.23 AB 15.87 e 17.02 c 16.44 C 

S1 + F1 18.28  19.20  18.74 A-C 14.71 g 15.12 f 14.91 D 

S1 + F2 19.88  20.76  20.32 AB 16.78 d 17.96 b 17.37 B 

S2 + F1 17.54  19.96  18.75 A-C 14.07 h 15.93 e 15.00 D 

S2 + F2 20.36  22.16  21.26 A 17.95 b 19.14 a 18.54 A 

Mean 17.21 B 19.03 A  14.34 B 15.05 A  

LSD at P 0.05 Treatment: 3.495, Hybrids: 1.010, 
Interaction: NS 

Treatment: 0.090, Hybrids: 0.026, 
Interaction: 0.146 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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4.1.1.4. Cob Diameter (cm) 
Cob diameter is an important yield contributing trait in maize. It contributes 

substantially to grain yield of maize, because it influences both number of grains per ear and 

grain size. Significant difference among different Zn application treatments were found 

during both years of study (Table 4.6). 

During both years of study only main effects of Zn application and maize hybrids 

were significant and maximum cob diameter was recorded with combined application of Zn 

as soil application (10 kg ha-1) and foliar spray (1%), which was statistically at par with Zn 

application as foliar spray (1%) during year 2009 and combined application of Zn as soil 

application (5 kg ha-1) and foliar spray (1%) during year 2010. These results were followed 

by combined application of Zn as soil application (5kg ha-1) and foliar spray (1%) during 

year 2009 and sole foliar Zn application (1%) during year 2010. More cob diameter was 

recorded in maize hybrid Pioneer 30-Y-87 than hybrid DK-919 during year 2009, while 

during year 2010 hybrids did not differ significantly. 

4.1.1.5. Number of grain rows per cob 

Data regarding number of grain rows per cob is presented in Table. (4.7). It is 

revealed from the table that number of grain rows per cob was non-significant during both 

years of study. 

4.1.1.6. Number of grains per cob 

Number of grains per cob is an important yield contributing component which affects 

the final yield of maize. During both years of experimentation only main effects were 

significant and interactions were non-significant (Table 4.8). 

Zinc application significantly affected the number of grains per cob and maximum 

grains per cob were recorded with combined application of Zn as soil application (10 kg ha-1) 

and foliar application (1%) which was statistically similar to combined application of Zn as 

soil application (5 kg ha-1) and foliar spray (1%) and sole application of Zn as foliar spray 

(1%). These results were followed by combine application of Zn as soil application (10 kg 

ha-1) and foliar spray (0.5%) during both years of experimentation. Maize hybrid Pioneer 30-

Y-87 produced more grains per cob than DK-919 during both years of experimentation. 
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Table. 4.5. Analysis of Variance Table for effect of zinc application methods and time on number of grains per cob, 1000-
grain weight, biological yield, grain yield and harvest index of maize. 

S.OV. = Source of Variation, D.F. = Degree of Freedom, M.S.S. = Mean Sum of Squares  
* = Significant at P < 0.05, ** = Significant at P < 0.01, ns = Non-significant 
  

S.O.V 
D.
F. 

M.S.S 

Number of grains per 
cob 

1000-grain weight  
Biological yield 

 
Grain yield 

 
Harvest index 

2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 

Replication 2 2.85 86.55 96.27 68.15 0.00 0.12 0.00 0.00 0.14 1.28 

Zinc application 
methods (Z) 

8 1222.32 ** 1916.85 ** 995.18 ** 1388.84 ** 1.20 ** 2.21 ** 0.70 ** 0.56 ** 6.73 ** 2.34 ** 

Hybrids (H) 1 2125.66 ** 1987.44 ** 1091.70 ** 2904.00 ** 11.28 ** 5.28 ** 3.01 ** 1.65 ** 12.46 ** 8.90 ** 

Z × H 8 37.80 ns 
19.89 

ns 
19.97 

ns 
64.71 ns 0.03 ** 0.11 ns 0.03 ** 0.04 ** 0.73 * 0.41 ns 

Error 34 23.03 104.60 70.22 32.67 0.00 0.06 0.00 0.00 0.25 0.37 

Total 53           
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Table:4.6. Effect of zinc application methods and time on cob diameter (cm) of maize. 

Zinc Application 

Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK = Control (No zinc 
application) 

3.62  3.64  3.63 F 3.75       3.78       3.76 F 

S1 = Soil application (5 kg 
ha-1 ZnSO4)  

3.69  3.71  3.70 EF 3.85       3.84       3.84 E 

S2 = Soil application (10 kg 
ha-1 ZnSO4)  

3.76  3.80  3.78 DE 3.82       3.87       3.84 E 

F1 = Foliar application 
(0.5% ZnSO4)  

3.80  3.87  3.83 D 3.89       3.90       3.89 DE 

F2 = Foliar application 
(1.0% ZnSO4)  

4.05  4.18  4.11 AB 4.02     4.03    4.02 BC 

S1 + F1 3.96  3.95  3.95 C 3.98     3.95      3.96 C 

S1 + F2 4.11  4.10  4.10 B 4.07   4.08   4.07 AB 

S2 + F1 3.88  4.01  3.94 C 3.93      3.99    3.96 CD 

S2 + F2 4.19  4.22  4.20 A 4.13   4.14   4.13 A 

Mean 3.89 B 3.94 A  3.93 3.95  

LSD at P 0.05 Treatment: 0.092, Hybrids: 0.026, 
Interaction: NS 

Treatment: 0.067, Hybrids: NS, 
Interaction: NS 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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Table:4.7. Effect of zinc application methods and time on number of grain rows per cob 
of maize. 

Zinc Application 

  Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK = Control (No zinc 
application) 

11.03 11.16 11.10 11.20 11.46 11.33 

S1 = Soil application (5 kg 
ha-1 ZnSO4)  

11.33 11.00 11.16 11.06 11.33 11.20 

S2 = Soil application (10 kg 
ha-1 ZnSO4)  

11.33 11.50 11.41 11.33 11.20 11.26 

F1 = Foliar application 
(0.5% ZnSO4)  

11.13 11.66 11.40 11.10 11.43 11.26 

F2 = Foliar application 
(1.0% ZnSO4)  

11.66 11.66 11.66 11.33 11.33 11.33 

S1 + F1 11.33 11.40 11.36 11.33 11.46 11.40 

S1 + F2 11.23 11.33 11.28 11.46 11.30 11.38 

S2 + F1 11.33 11.33 11.33 11.00 11.36 11.18 

S2 + F2 12.16 11.66 11.91 11.33 11.33 11.33 

Mean 11.39 11.4  11.24 11.32  

LSD at P 0.05 Treatment: NS, Hybrids: NS, 
Interaction: NS 

Treatment: NS, Hybrids: NS, 
Interaction: NS 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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Table:4.8. Effect of zinc application methods and time on number of grains per cob of 
maize. 

Zinc Application 

Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK = Control (No zinc 
application) 

324.20 332.10 328.15 D 302.77 310.47 306.62 E 

S1 = Soil application (5 kg 
ha-1 ZnSO4)  

332.93 343.47 338.20 C 311.47 322.77 
317.12 

DE 

S2 = Soil application (10 
kg ha-1 ZnSO4)  

342.73 349.77 346.25 C 314.07 326.13 
320.10 

DE 

F1 = Foliar application 
(0.5% ZnSO4)  

339.07 354.30 346.68 C 321.97 332.73 
327.35 

CD 

F2 = Foliar application 
(1.0% ZnSO4)  

356.67 374.97 365.82 A 339.20 359.23 
349.22 

AB 

S1 + F1 350.97 361.10 356.03 B 326.93 340.20 
333.57 B-

D 

S1 + F2 361.83 369.37 365.60 A 346.73 354.67 
350.70 

AB 

S2 + F1 346.13 366.70 356.42 B 334.23 347.93 
341.08 

BC 

S2 + F2 364.23 379.93 372.08 A 354.67 367.10 360.88 A 

Mean 346.56 B 359.08 A  328.00 B 340.14 A  

LSD at P 0.05 Treatment: 9.16, Hybrids: 2.65, 
Interaction: NS 

Treatment: 19.53, Hybrids: 5.6, 
Interaction: NS 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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4.1.1.7. 1000-grain weight (g) 
Zinc application significantly affected 1000-grans weight during both years of study. 

During both years of experimentation only main effects were significant and interactions 

were non-significant (Table 4.9). Maximum 1000-grains weight was recorded with combined 

application of Zn as soil application (10 kg ha-1) and foliar spray (1%). These results were 

statistically similar with application of Zn as soil application (5 kg ha-1) and foliar spray 

(1%), combined application of Zn a soil application (10 kg ha-1) and foliar spray (1%) and 

sole application of Zn as foliar spray (1%) during both years followed by combined 

application of Zn as soil application (5 kg ha-1) and foliar application (0.5%) during 

experimental year 2009 and combined application of Zn as soil application (10 kg ha-1) and 

foliar application (0.5%) during year 2010. Maize hybrid Pioneer 30-Y-87 produced heavier 

grains than DK-919 during both experimental years. 

4.1.1.8. Grain Yield (t ha-1) 

Zinc application significantly improved the grain yield of maize during both years of 

experimentation (Table 4.10). Statistically maximum grain yield was recorded in maize 

hybrid Pioneer 30-Y-87 with combined application of Zn as soil application (10 kg ha-1) and 

foliar spray (1%), which were statistical similar with combined application of Zn as soil 

application (5 kg ha-1) and foliar spray (1%) during both years and sole application of Zn as 

foliar spray during year 2009 with same hybrid. These results were followed by combined 

application of Zn as soil application (10 kg ha-1) and foliar spray (0.5%) during year 2009 

and sole application of Zn as foliar spray during year 2010 with hybrid Pioneer 30-Y-87. 

4.1.1.9. Biological Yield (t ha-1) 

Zinc application either soil or foliar at different concentration revealed significant 

differences among each other during both years of experimentation. It was found that during 

experimental year 2009 interactions were significant, while during year 2010 only main 

effects of Zn application and maize hybrids were significant (Table 4.11). 

 During experimental year 2009 maximum biological yield was recorded in maize 

hybrid Pioneer 30-Y-87 with combined application of Zn as soil application (10 kg ha-1) and 

foliar spray (1%) which was statistically similar by combined Zn application as soil 

application (5 kg ha-1) and foliar spray (1%) and sole Zn application as foliar application 

(1%). These results were followed by combine Zn application as soil application (10 kg ha-1) 



57 
 

and foliar spray (0.5%) in same maize hybrid. During experimental year 2010 maximum 

biological yield was recorded with combine Zn application as soil application (5 kg ha-1) and 

foliar spray (1%) followed by sole application of Zn as foliar spray (1%). Maize hybrid 

Pioneer 30-Y-87 produced more biological yield than hybrid DK-919. 

4.1.1.10. Harvest index (%) 

 Accumulation of photosynthates in the economic parts varied a great deal by 

application of Zn. During experimental year 2009 interactions of hybrids with Zn application 

were significant, while only main effects were significant were significant during year 2010 

(Table 4.12). During experimental year 2009 maximum harvest index was recorded in maize 

hybrid Pioneer 30-Y-87 with combined application of Zn as soil application (10 kg ha-1) and 

foliar spray (1%) which was statistically at par with combined application of Zn as soil 

application (5 kg ha-1) and foliar spray (1%), combined application of Zn as soil application 

(10 kg ha-1) and foliar spray (0.5%), sole application of Zn as foliar spray (1% and 0.5%) in 

maize hybrid Pioneer 30-Y-87, combined application of Zn as soil application (10 kg ha-1) 

and foliar application (1%) and combined Zn application as soil application (5 kg ha-1) and 

foliar spray (1%) in hybrid DK-919. These results were followed by sole Zn application as 

foliar spray (1%) on hybrid DK-919. During experimental year 2010 only main effects were 

significant and maximum harvest index was recorded with combined Zn application as soil 

application (10 kg ha-1) and foliar spray (1%) which was statically similar to all Zn 

application treatments. Among maize hybrids Pioneer 30-Y-87 gave more harvest index than 

DK-919. 

4.1.1.11. Discussion 
 This study showed that different exogenous Zn application treatments on maize 

hybrids significantly affected the agronomic and yield related traits during both years of 

experimentation. 

 The effect of Zn application methods and time on plant population was non-

significant (Table 4.2). Similar plant densities among treatments were possibly due to the 

uniform seeding technique, thinning out exercise carried out for maintaining interplant 

spacing and less mortality rate. Non-significant of foliar Zn application due to thinning out 

and gap filling exercise was also reported by Tahir et al. (2009). Number of cobs per plant 

and number of grain rows per cob were also non significant (Tables 4.3, 4.6). It seems that 
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Table:4.9. Effect of zinc application methods and time on 1000-grain weight of maize. 

Zinc Application 

Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK = Control (No zinc 
application) 

208.37 215.00 211.68 E 189.60 201.10 195.35 E 

S1 = Soil application (5 kg 
ha-1 ZnSO4)  

215.87 221.23 218.55 DE 197.40 219.70 208.55 D 

S2 = Soil application (10 
kg ha-1 ZnSO4)  

219.73 227.87 223.80 CDE 202.50 215.60 209.05 D 

F1 = Foliar application 
(0.5% ZnSO4)  

224.57 232.10 228.33 B-D 208.90 210.70 209.80 D 

F2 = Foliar application 
(1.0% ZnSO4)  

236.17 251.97 244.07 AB 227.70 238.30 233.00 AB 

S1 + F1 231.87 236.63 234.25 B-D 211.60 225.80 218.70 CD 

S1 + F2 239.73 248.20 243.97 AB 222.20 245.40 233.80 AB 

S2 + F1 228.60 241.40 235.00 A-C 215.80 232.60 224.20 BC 

S2 + F2 245.00 256.43 250.72 A 233.40 251.90 242.65 A 

Mean 227.77 B 236.76 A  212.12 B 226.79 A  

LSD at P 0.05 Treatment: 16.00, Hybrids: 4.62, 
Interaction: NS 

Treatment: 10.91, Hybrids: 3.15, 
Interaction: NS 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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Table:4.10. Effect of zinc application methods and time on grain yield (kg ha-1) of 
maize. 

Zinc Application 

Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK = Control (No zinc 
application) 

5.32 j 5.68 hi 5.50 F 5.26 k 5.51 ij 5.38 G 

S1 = Soil application (5 kg 
ha-1 ZnSO4)  

5.50 ij 5.90 f-h 5.70 E 5.40 j 5.95 fg 5.67 F 

S2 = Soil application (10 
kg ha-1 ZnSO4)  

5.61 i 6.01 e-g 5.81 DE 5.48 ij 5.84 gh 5.66 F 

F1 = Foliar application 
(0.5% ZnSO4)  

5.67 hi 6.29 c-e 5.98 CD 5.75 h 5.71 h 5.73 F 

F2 = Foliar application 
(1.0% ZnSO4)  

6.03 e-g 6.56 a-c 6.29 B 5.96 fg 6.29 bc 6.12 C 

S1 + F1 5.91 f-h 6.10 ef 6.01 C 5.54 i 6.10 de 5.82 E 

S1 + F2 6.17 def 6.68 ab 6.42 AB 6.02 ef 6.42 ab 6.22 B 

S2 + F1 5.74 g-i 6.45 b-d 6.10 C 5.83 gh 6.18 cd 6.00 D 

S2 + F2 6.29 c-e 6.82 a 6.55 A 6.14 de 6.53 a 6.33 A 

Mean 5.80 B 6.28 A  5.70 B 6.05 A  

LSD at P 0.05 Treatment: 0.177, Hybrids: 0.051, 
Interaction: 0.286 

Treatment: 0.084, Hybrids: 0.024, 
Interaction: 0.136 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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Table:4.11. Effect of zinc application methods and time on biological yield (kg ha-1) of 
maize. 

Zinc Application 

  Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK = Control (No zinc 
application) 

18.34 k 19.04 gh 18.69 F 16.51 17.09 16.80 F 

S1 = Soil application (5 kg 
ha-1 ZnSO4)  

18.52 jk 19.36 ef 18.94 E 16.82 17.80 17.31 E 

S2 = Soil application (10 
kg ha-1 ZnSO4)  

18.66 ij 19.52 de 19.09 E 16.96 17.53 17.24 EF 

F1 = Foliar application 
(0.5%  ZnSO4)  

18.85 hi 19.69 cd 19.27 D 17.39 17.36 17.37 E 

F2 = Foliar application 
(1.0% ZnSO4)  

19.16 fg 20.38 a 19.77 B 17.79 18.49 18.14 BC 

S1 + F1 19.03 gh 19.83 bc 19.43 CD 17.12 17.95 17.53 DE 

S1 + F2 19.36 ef 20.35 a 19.85 B 18.03 18.74 18.38 AB 

S2 + F1 
19.09 f-

h 
20.06 b 19.57 C 17.54 18.22 17.88 CD 

S2 + F2 19.53 de 20.54 a 20.03 A 18.37 18.98 18.67 A 

Mean 18.94 B 19.86 A  17.39 B 18.01 A  

LSD at P 0.05 Treatment: 0.170, Hybrids: 0.049, 
Interaction: 0.274 

Treatment: 0.498, Hybrids: 0.144, 
Interaction: NS 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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Table:4.12. Effect of zinc application methods and time on harvest index (%) of maize. 

Zinc Application 

Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK = Control (No zinc 
application) 

29.02 g 29.84 fg 29.43 E 31.86 32.24 32.05 B 

S1 = Soil application (5 kg 
ha-1 ZnSO4)  

29.71 fg 30.47 d-g 30.09 DE 32.10 33.42 32.76 AB 

S2 = Soil application (10 
kg ha-1 ZnSO4)  

30.08 e-g 30.79 c-f 30.43 CD 32.31 33.31 32.81 AB 

F1 = Foliar application 
(0.5%  ZnSO4)  

30.10 e-g 31.99 a-d 31.05 B-D 33.06 32.89 32.98 AB 

F2 = Foliar application 
(1.0% ZnSO4)  

31.47 b-e 32.20 a-c 31.83 AB 33.50 34.11 33.81 A 

S1 + F1 31.09 c-f 30.79 c-f 30.94 B-D 32.36 33.98 33.17 AB 

S1 + F2 31.89 a-d 32.82 ab 32.35 A 33.38 34.26 33.82 A 

S2 + F1 30.10 e-g 32.18 a-c 31.14 BC 33.24 33.92 33.58 A 

S2 + F2 32.21 a-c 33.21 a 32.71 A 33.42 34.40 33.91 A 

Mean 30.63 B 31.59 A  32.80 B 33.61 A  

LSD at P 0.05 Treatment: 0.95, Hybrids: 0.27, 
Interaction: 1.53 

Treatment: 1.16, Hybrids: 0.33, 
Interaction: NS 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 

 

the number of cobs per plant and grain rows per cob is basically genetic factor and not 

influenced by crop nutrition and environmental factors (Hythum and Naseer, 2012). Similar 
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results regarding number of cobs per plant and number of grain rows per cob with foliar Zn 

spray in maize were reported by Tahir et al. (2009). 

 Combine application of Zn as soil application (10 kg ha-1) and foliar spray (1%) 

significantly gave maximum cob length, cob diameter, number of grains per cob and 1000-

grain weight (Tables 4.3, 4.4, 4.6, 4.7, 4.8, 4.9). Increased in the cob length and diameter was 

due to the proper application of Zn to the crop. Increase in above mentioned yield 

contributing parameters with combined application of Zn as soil application and foliar spray 

might have been the result of increase in the amount of available Zn in soil and direct 

absorption of the Zn by the foliar spray. This was due to the proper and adequate supply of 

Zn which increased the uptake of N during the grain formation stage and ultimately improves 

the yield component of maize (Siddiqui et al., 2009; De Souza, 1998). Increased in the 

number of grain rows per cob and 1000-grain weight was due to the increased in the cob 

length and diameter. Similar results were reported by Yilmaz et al., (1997) who reported 

increased in spike number m-2, grain number per spike and 1000-grain weight with alone and 

combined application of Zn as soil application and foliage spray. Similarly Tahir et al., 

(2009) reported increased in the cob length (cm), cob diameter, 100-grains weight, number of 

grain rows per cob, number of grains per cob and grains weight per cob with foliar 

application of Zn over the control treatment. Ziaeyan and Rajaie (2009) showed increased in 

1000-grain weight and number of grain per stalk in maize and Hossain et al. (2011) reported 

significant increased in number of seed per cob, 1000-seed weight, cob length and cob 

breadth with soil application of Zn. Singh et al. (2012) reported increased in grains per 

panicle and 1000-seed weight in rice crop with soli application of Zn. Similarly Morshedi 

and Farahbakhsh (2010) and Ranjbar and Bahmaniar (2007) showed significance increased 

in spike length, number of rains per spike 1000-grain weight and grains weight per spike in 

wheat crop with soil application of Zn. 

More number of seeds per cob and 1000-grain weight might be attributed to the 

normal flowering and seed production by the appropriate Zn application because; Weber 

et al. (2005) showed that the proper nutrition of the mother plant effects the growth and 

maturation of embryo during the seed formation. Also the pollen sterility had also been 

observed by Zn deficiency in maize plant which affects the growth and development of 

seed (Sharma et al., 1987; Epstein and Bloom, 2005). Similarly Potarzycki and Grzebisz 
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(2009) reported Zn application as a positive factor for the maximum productivity of N 

fertilizer. Hemantaranjan and Grag (1988) observed that optimum utilization of Zn 

significantly increased thousand grains weight in wheat. They declared that, total content 

of carbohydrates, starch, IAA, chlorophyll and seed protein were significantly increased 

by consumption of this element. They believe that more production of chlorophyll and 

IAA can cause delay in plant oldness and prolong the period of photosynthesis. This 

incident improves the production of carbohydrates and their transportation to the growing 

seeds.  

Varietal response of hybrid to Zn application might be due to their genetic makeup, 

different physiological performance and time taken for maturity because late maturing 

performs better than early maturing hybrid (Otegui et al., 1995; Thomason et al., 2006). This 

was due to more number of days for assimilating synthesis and transportation to the growing 

ears. Variation in response to the Zn by different varieties of maize crops has been reported 

(Hossain et al., 2011). Genotypic variation in Zn response of maize and use efficiency has 

also been reported in many previous studies (Reddy and Khera 1999). Similarly Sharma et al. 

(1992) reported that yield components of maize varieties differed significantly due to Zn 

fertilization.  

As a result of improved yield contributing parameters, grain yield of maize was 

improved significantly by Zn application (Table 4.10). More grain yield was recorded in 

those plots where combined Zn was applied as soil application and foliar spray. This 

enhancement in the grain yield of maize was due to increase in cob length, the more number 

of grain rows per cob, the more grains per cob and 1000-grain weight. Similarly, the 

biological yield was also increased with different Zn application (Table 4.11). Increased in 

the biological yield might be due to better nutrition and early seedling growth of the plant as 

a result of these Zn treatments and increased the dry matter production in maize. These 

results are the conformation with the findings of Cakmak et al. (1999) who reported 226% 

increase in the grain yield of wheat as soil application and 227% increase as combined 

application of Zn as soil application and foliar spray against control treatment in wheat crop. 

Similar results were also reported by Yilmaz et al. (1997) who observed 265% and 250% 

increase in the grain yield and 109% and 92% increased in the biological yield respectively, 

by application of Zn as alone soil application and combined application as soil application 
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and foliage spray in wheat crop. Wang et al. (2012) reported increased in the biological and 

grain yield of in combined application of soil application and foliar spray as compared to the 

sole application of foliar in first growing season and vice versa in the second growing season. 

Similarly, in earlier study by Ziaeyana and Rajaie (2009) and Tahir et al. (2009) showed that 

foliar application of Zn increased the gain and biological yield as compared to the control 

treatment. Hossain et al. (2011) reported increased in the grain and stover yield of maize by 

soil application of Zn. 

Harvest index is an indicator of dry matter partitioning towards the reproductive 

organs. Improvement in harvest index by different Zn application methods indicates better 

dry matter partitioning (Table 4.12). Ghaffari et al. (2011) and Sajedi et al. (2009) reported 

increased in the harvest index of maize due to foliar application against the control 

treatments. On the other hand Potarzycki and Grzebisz (2009) reported reduction in the 

harvest index of maize with the application of Zn as foliar spray. In conclusion, late 

maturing maize hybrids with combined application of Zn as application (10 kg ha-1) and 

foliar spray (1%) improves the yield component and finally yield of crop. 

4.1.2. Phenological parameters 
4.1.2.1. Degree days taken from sowing to tasseling 

 Data regarding the degree days taken from sowing to tasseling is presented in the 

Table. 4.14. The data showed that only main effects of hybrids were significant during both 

years and Zn application was significant during the year 2010, while the interactions were 

non-significant during both experimental years. 

 All Zn application treatments significantly affected degree days taken for tasseling 

during experimental year 2010. Maximum degree days taken for tasseling were recorded in 

Zn treatment of foliar spray (0.5%) with similar results of all Zn application treatment. Effect 

of hybrid on degree days to tasseling was found highly significant with similar trend in both 

years; maize hybrid Pioneer 30-Y87 took more degree days to tasseling than the hybrid DK-

919.  

4.1.2.2. Degree days taken from tasseling to silking 

 Data regarding the degree days taken to silking is presented in the Table. 4.15. Data 

showed that Zn application did not affected degree days taken from tasseling to silking 

during both years of study.  



65 
 

4.1.2.3. Degree days taken from silking to maturity 

 Data regarding the degree days taken from silking to maturity is presented in the 

Table. 4.16. The data showed that only main effects of hybrids were significant during both 

years while, Zn application and interactions were non-significant during both experimental 

years. Maize hybrid Dk-919 took more degree days from silking to maturity as compared to 

Pioneer 30-Y-87 during both years of experimentation 

4.1.2.4. Discussion 

Tasseling, silking and maturity are important phenological parameters in the growth and 

development of maize crop. Application of Zn significantly delayed the degree days taken 

from sowing to tasseling (Table 4.14). On the other hand, zinc application did not affect 

degree days taken from tasseling to silking and silking to maturity (Tables 4.15, 4.16). 

However, maize hybrid differed significantly for degree days taken from silking to maturity. 

Delay in tasseling may be due to the positive effect of Zn application on the uptake of 

nitrogen, which enhanced vegetative growth and delayed reproductive stage. Ranjan (2003) 

reported the positive interaction of Z with N, which increases the uptake of N. Similarly, 

Shafea and Saffari (2011) also reported positive effect of Z application on N uptake. Ram et 

al. (1995) reported that the beneficial effect of N and Zn could be attributed to the synergistic 

effect between these nutrients and continuous and enhanced nitrogen supply. Delayed in the 

days taken for tasseling, by increased uptake of nitrogen had been reported by (Amanullah et 

al., 2009; Hammad et al., 2011). However, contradictory results were reported by 

Peykarestan et al. (2012) and Rafiq et al. (2010) regarding the days to tasseling in maize with 

soil application of Zn. On the other hand, zinc application did not affect the degree days 

taken from tussling to silking and silking to maturity. It shows that maize hybrids required 

particular thermal degrees to complete different phenological stages, which are not affected 
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Table. 4.13. Analysis of Variance Table for effect of zinc application methods and time on the phonological parameters of 
maize.   

S.OV. = Source of Variation, D.F. = Degree of Freedom, M.S.S. = Mean Sum of Squares  
* = Significant at P < 0.05, ** = Significant at P < 0.01, ns = Non-significant 
  

S.O.V D.F. 

M.S.S 

Degree days taken from 
sowing to tasseling 

Degree days taken from 
tasseling to silking 

Degree days taken from 
silking to maturity 

2009 2010 2009 2010 2009 2010 

Replication 2 418 240 144 259 1258 418 

Zinc application methods (Z) 8 1198ns 1541** 101ns 302ns 503ns 393ns 

Hybrids (H) 1 372380** 241502** 559ns 243ns 131030** 82915** 

Z × H 8 844ns 454ns 196ns 331ns 592ns 756ns 

Error 34 639 294 167 251 677 466 

Total 53       
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Table:4.14. Effect of zinc application methods and time on degree days taken from 
sowing to tassling of maize. 

Zinc Application 

                                             Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK = Control (No zinc 
application) 

1039.3 1210 1124.6 960.5 1085.7 1023.1 B 

S1 = Soil application (5 kg 
ha-1 ZnSO4)  

1031.8 1225 1128.4 967.1 1125.5 1046.3 AB 

S2 = Soil application (10 
kg ha-1 ZnSO4)  

1047 1217.9 1132.5 974.1 1125.5 1049.8 AB 

F1 = Foliar application 
(0.5% ZnSO4)  

1062.9 1256 1159.5 1006.2 1138.7 1072.4 A 

F2 = Foliar application 
(1.0% ZnSO4)  

1062.9 1242.7 1152.8 993.5 1125.5 1059.5 A 

S1 + F1 1063.3 1201.6 1132.5 967.1 1118.8 1042.9 AB 

S1 + F2 1062.9 1218.5 1140.7 1012 1125.5 1068.7 A 

S2 + F1 1079.1 1201.6 1140.3 987.6 1119 1053.3 AB 

S2 + F2 1079.1 1249.8 1164.5 1017.8 1125.5 1071.7 A 

Mean 1058.7 B 1224.8 A  987.3 B 1121.1 A  

LSD at P 0.05 Treatment: NS, Hybrid: 13.96, 
Interaction: NS 

Treatment: 32.73, Hybrid: 9.47, 
Interaction: NS 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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Table:4.15. Effect of zinc application methods and time on degree days taken from 
tasselin to silking of maize. 

Zinc Application 

Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK = Control (No zinc 
application) 

64.08 54.83 59.45 51.50 59.50 55.50 

S1 = Soil application (5 kg 
ha-1 ZnSO4)  

63.50 62.16 62.83 50.75 86.58 68.66 

S2 = Soil application (10 
kg ha-1 ZnSO4)  

64.33 61.75 63.04 49.41 52.66 51.04 

F1 = Foliar application 
(0.5% ZnSO4)  

80.91 53.08 67.00 46.75 53.08 49.91 

F2 = Foliar application 
(1.0% ZnSO4)  

56.50 51.58 54.04 53.75 39.66 46.70 

S1 + F1 56.25 62.91 59.58 62.08 46.08 54.08 

S1 + F2 64.66 61.00 62.83 47.08 52.66 49.87 

S2 + F1 64.75 70.58 67.66 47.16 52.41 49.79 

S2 + F2 72.83 52.00 62.41 41.83 45.91 43.87 

Mean 65.31 58.88  50.03 54.28  

LSD at P 0.05 Treatment: NS, Hybrid: NS, 
Interaction: NS 

Treatment: NS, Hybrid: NS, 
Interaction: NS 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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Table:4.16. Effect of zinc application methods and time on degree days taken from 
silking to maturity of maize. 

Zinc Application 

Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK = Control (No zinc 
application) 

952.00 848.25 900.13 1007.9 938.6 973.25 

S1 = Soil application (5 kg 
ha-1 ZnSO4)  

957.25 840.83 899.04 1014.9 883 948.96 

S2 = Soil application (10 
kg ha-1 ZnSO4)  

957.33 844.33 900.83 1012.6 916.9 964.75 

F1 = Foliar application 
(0.5% ZnSO4)  

925.17 826.83 876.00 989.4 918.1 953.75 

F2 = Foliar application 
(1.0% ZnSO4)  

961.17 830.33 895.75 1001.3 929.9 965.63 

S1 + F1 942.58 864.92 903.75 997.1 932.8 964.92 

S1 + F2 950.08 859.58 904.83 989.3 925.7 957.50 

S2 + F1 931.33 863.75 897.54 1007.5 931.9 969.71 

S2 + F2 931.33 842.75 887.04 985.8 923.7 954.71 

Mean 945.36 A 846.84 B  1000.6 A 922.3 B  

LSD at P 0.05 Treatment: NS, Hybrid: 14.37, 
Interaction: NS 

Treatment: NS, Hybrid: 11.93, 
Interaction: NS 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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by the plant nutrition. Similar results were exhibited by Nawab et al. (2011) with Zn 

application on days taken for anthesis and maturity in wheat crop. 

 Differential response of maize hybrids for maturity may be due to the genetic makeup of 

the hybrids. These results are in agreement with Younas et al. (2002) and Masood et al. 

(2003) those exhibited variation in phenological stages among different hybrids. 

4.1.3. Allometry and growth parameters 

4.1.3.1. Plant height (cm) 

Height of a plant at maturity is a function of the combined effect of both the genetic 

and environmental factors. Methods and dose of Zn application exhibited significant 

differences among each other for plant height (Table4.18). During the experimental year 

2009 interaction were also significant while, during the study year 2010 only main effect of 

Zn application and maize hybrids were significant. 

Zinc application by either method significantly improved plant height. Statistically 

maximum plant height during the experimental year 2009 was observed in maize hybrid 

Pioneer 30-Y-87 with combined application of Zn as soil application (10 kg ha-1) and foliar 

spray (1%). However, these results were statistically similar in all combined Zn application 

treatments and sole application of Zn as foliar spray (1%) in maize hybrid Pioneer 30-Y-87 

during the experimental year 2009. While, during the experimental year 2010 only main 

effects were significant and maximum plant height was recorded with the combine 

application of Zn as soil application (10 kg ha-1) and foliar spray (1%). However, these 

results were statistically at par with combine application of Zn as soil application (5 kg ha-1) 

and foliar spray (1%), soil application (10 kg ha-1) and foliar spray (0.5%) and sole 

application of Zn as foliar spray (1%). These results were followed by the combine 

application of Zn as soil application (5 kg ha-1) and foliar spray (0.5%). Among maize 

hybrids Pioneer 30-Y-87 gave more plant height as compared to hybrid DK-919 during the 

experimental year 2010. 

4.1.3.2. Stem Diameter (cm) 

Stem diameter is an important growth component of plant. Results revealed that Zn 

application significantly improved the stem diameter during both years of experimentation. 

During the experimental year 2009 interaction were significant while, during the year 2010 

only main effects of Zn application methods and maize hybrids were significant (Table4.19).



71 
 

 Maximum stem diameter was recorded in maize hybrid Pioneer 30-Y-87 with 

combined application of Zn as soil application (10 kg ha-1) and foliar spray (1%) which was 

statistically similar with same Zn application treatment in maize hybrid DK-919 and 

combined application of Zn as soil application (5 kg ha-1) and foliar spray (1%) in both maize 

hybrids during the year 2009. These results were followed by Zn application as foliar spray 

(1%) in maize hybrid Pioneer 30-Y-87. During the experimental year 2010 only main effects 

were significant and maximum stem diameter was observed with combined application of Zn 

as soil application (10 kg ha-1) and foliar spray (1%) which was similar to the combined 

application of Zn as soil application (5 kg ha-1) and foliar spray (1%). These results were 

followed by Zn application as foliar spray (1%) alone. Among hybrid maize hybrid Pioneer 

30-Y-87 produced thicker plants than DK-919. 

 
Table. 4.17. Analysis of Variance Table for effect of zinc application methods and time 
on plant height at maturity and stem diameter of maize. 

S.OV. = Source of Variation, D.F. = Degree of Freedom, M.S.S. = Mean Sum of Squares  
* = Significant at P < 0.05, ** = Significant at P < 0.01, ns = Non-significant 
  

S.O.V D.F. 

M.S.S 

Plant height at maturity  Stem diameter  

2009 2010 2009 2010 

Replication 2 7.76 50.21 0.00 0.00 

Zinc application methods (Z) 8 598.86 ** 545.77 ** 0.08 ** 0.05 ** 

Hybrids (H) 1 7413.13 ** 6960.96 ** 0.00 * 0.05 ** 

Z × H 8 40.91 ** 37.05 ns 0.00 ** 0.00 ns 

Error 34 13.17 25.80 0.00 0.00 

Total 53     
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Table:4.18. Effect of zinc application methods and time on plant height (cm) of maize. 

Zinc Application 

   Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK = Control (No zinc 
application) 

182.6 k 205.4 f-i 194.0 E 178.7      203.1      190.9 D 

S1 = Soil application (5 
kg ha-1 ZnSO4)  

191.9 jk 221.1 b-d 206.5 D 185.6      215.4    200.5 CD 

S2 = Soil application (10 
kg ha-1 ZnSO4)  

194.8 ij 217.3 c-e 206.0 D 189.9      213.6     201.7  C 

F1 = Foliar application 
(0.5% ZnSO4)  

202.0 g-j 214.4 d-f 208.2  D 197.4      209.4     203.4 BC 

F2 = Foliar application 
(1.0% ZnSO4)  

211.2 d-g 232.3 a 221.7 AB 206.8      226.0   216.4 A 

S1 + F1 196.9 h-j 226.8 a-c 211.8 CD 193.6      218.9   206.2 BC 

S1 + F2 207.6 e-h 234.7 a 221.1 AB 203.8      229.4   216.6 A 

S2 + F1 205.4 f-i 228.5 ab 216.9 BC 200.9      223.8   212.3 AB 

S2 + F2 214.5 def 237.4 a 225.9 A 209.6      231.1   220.3 A 

Mean 200.78 B 224.21 A  196.26 B 218.97 A  

LSD at P 0.05 Treatment: 6.93, Hybrids: 2.00, 
Interaction: 11.15 

Treatment: 9.70, Hybrids: 2.80, 
Interaction: NS 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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Table:4.19. Effect of zinc application methods and time on stem diameter (cm) of maize. 

Zinc Application 

Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK = Control (No zinc 
application) 

1.37 m 
1.39   
lm 

1.38 F 1.42       1.49        1.45 E 

S1 = Soil application (5 
kg ha-1 ZnSO4)  

1.42 k-m 1.52 g-j 1.47 E 1.47       1.60      1.53 D 

S2 = Soil application (10 
kg ha-1 ZnSO4)  

1.46  i-l 1.47 h-l 1.46 E 1.51       1.58      1.54 D 

F1 = Foliar application 
(0.5% ZnSO4)  

1.50 h-k 1.44 j-m 1.47 E 1.54       1.54       1.54 D 

F2 = Foliar application 
(1.0% ZnSO4)  

1.63  c-e 1.64 b-d 1.63 BC 1.65    1.72   1.68 B 

S1 + F1 1.54 f-i 1.55 e-h 1.54 D 1.58      1.65    1.61 C 

S1 + F2 1.67 a-d 1.68 a-c 1.67 B 1.69   1.74   1.71 AB 

S2 + F1 1.59 d-g 1.61 c-f 1.60 C 1.61     1.69   1.65 BC 

S2 + F2 1.72 ab 1.75 a 1.73 A 1.73   1.78   1.75 A 

Mean 1.54 B 1.56 A  1.57 B 1.64 A  

LSD at P 0.05 Treatment: 0.051, Hybrids: 0.014, 
Interaction: 0.082 

Treatment: 0.068, Hybrids: 0.019, 
Interaction: NS 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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4.1.3.3. Leaf area index (LAI) 
 The ratio of total leaf area to ground cover is termed as leaf area index. Leaf area 

index of the crop at particular growth stage indicates its photosynthetic potential or the level 

of its dry matter accumulation. More the leaf area index, higher will be the dry matter 

accumulation of the crop and vice versa. The periodic data regarding leaf area index are 

presented in Fig. 4.1 which showed that the effect of Zn application, hybrids and their 

interaction on leaf area index was significant during both experimental years. 

 Leaf area index steadily increased up to 60 days after sowing (DAS) in all the 

treatments. Thereafter, leaf area index gradually decreased up to harvest of crop. It was found 

that hybrid Pioneer 30-Y-87 had more leaf area index than the hybrid DK-919 during both 

years of experimentation. Zinc application significantly enhanced the leaf area index during 

both years of study. Maximum leaf area index was recorded in combined application of Zn as 

soil application soil application (10 kg ha-1) and foliar spray (1%), followed by the other Zn 

treatments of combined application.  

4.1.3.4. Leaf area duration (LAD) 

Total duration of photosynthetically active leaves usually express in days is known as 

leaf area duration of crop. Total dry matter production of a crop is generally determined by 

the degree of leaf area duration and net assimilation rate. Effect of different Zn application 

treatments, hybrids and their interaction on leaf area duration was significant during both 

years of experimentation. 

 During both years of experimentation, all Zn application treatments significantly 

improved the leaf area duration of crop. Maximum leaf area duration was recorded in 

combined application of Zn as soil application (10 kg ha-1) and foliar spray (1%) in hybrid 

Pioneer 30-Y-87, followed by combined application of Zn as soil application (10 kg ha-1) and 

foliar spray (1%) in hybrid DK-919 during both years of experimentation. Minimum leaf area 

duration of was recorded in hybrid DK-919 with no Zn application during both experimental 

years. 

4.1.3.5. Crop growth rate (g m-2 d-1) 

 Crop growth rate expresses the rate of dry matter accumulation. Data regarding crop 

growth rate starting from 30 DAS to 105 DAS given in Fig. 4.3, showed that a significant  
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(a) 

 
(b) 

 
 Day after sowing 
 
CK = No Zn application, S1 = Soil application (5 kg ha-1 Zn), S2 = Soil application (10 kg ha-

1 Zn), F1 = Foliar application (0.5% Zn), F2 = Foliar application (1.0% Zn)  
 
Fig. 4.1. Effect of zinc application methods and time on leaf area index of maize. 
(a) = 2009, (b) = 2010  
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(a) 

 
(b) 

 
CK = No Zn application, S1 = Soil application (5 kg ha-1 Zn), S2 = Soil application (10 kg ha-

1 Zn), F1 = Foliar application (0.5% Zn), F2 = Foliar application (1.0% Zn)  
 
Fig. 4.2. Effect of zinc application methods and time on leaf area duration of maize. 
(a) = 2009, (b) = 2010 
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differences was present among the maize hybrids and Zn application treatments during both 

years of experimentation. 

As regards to maize hybrids, more crop growth rate was recorded in hybrid Pioneer 

30-Y-87 than the hybrid DK-919 during both experimental years. Among different Zn 

application treatments maximum crop growth rate was recorded in combined application of 

Zn as soil application (10 kg ha-1) and foliar spray (1%) in hybrid. Lowest crop growth rate 

was recorded in control treatments with no Zn application during both years of 

experimentation. 

4.1.3.6. Net assimilation rate (g m-2 d-1) 

 The average net assimilation rate of any crop represents its photosynthetic activity per 

unit of leaf area duration (Hunt, 1978). Fig. 4.4 represents the net assimilation rate (NAR) 

during growth period of crop. Effect of different Zn application treatments, hybrids and their 

interactions was significant during both years of experimentation. 

 All the Zn application treatments significantly improved the net assimilation rate. 

Maximum net assimilation rate was recorded in hybrid Pioneer 30-Y-87 with combined 

application of Zn as soil application (10 kg ha-1) and foliar spray (1%)during both years of 

experimentation, with similar results in combined application of Zn as soil application (5 kg 

ha-1) and foliar spray (1%) in hybrid Pioneer 30-Y-87 and combined application of Zn as soil 

application (10 kg ha-1) and foliar spray (1%) in hybrid DK-919 during the year 2010. These 

were followed by the combined application of Zn as soil application (10 kg ha-1) and foliar 

spray (1%) in hybrid Pioneer 30-Y-87 during the year 2009 and combined application of Zn 

as soil application (5 kg ha-1) and foliar spray (1%) in hybrid in hybrid DK-919 during the 

year 2010. 

4.1.3.7. Discussion 

  Plant height and stem diameter are important morphological traits and dependent 

upon combined effects of genetic makeup of plant, soil nutrient status, seed vigor and 

environmental conditions under which the plant is grown. 

Combined Zn application as soil application and foliar spray significantly gave the 

maximum plant height and stem diameter (Tables 4.18, 4.19). This might be attributed to the 

vigorous growth of crop due to application of Zn that increased the chlorophyll concentration 

in leaves and production of hormones such as gibberellic acid and indole acetic acid which 
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(a) 

 
(b) 

 
Days after sowing 

 
CK = No Zn application, S1 = Soil application (5 kg ha-1 Zn), S2 = Soil application (10 kg ha-

1 Zn), F1 = Foliar application (0.5% Zn), F2 = Foliar application (1.0% Zn)  
 
Fig. 4.3. Effect of zinc application methods and time on crop growth rate of maize. 
(a) = 2009, (b) = 2010  
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(a) 

 
(b) 

 
CK = No Zn application, S1 = Soil application (5 kg ha-1 Zn), S2 = Soil application (10 kg ha-

1 Zn), F1 = Foliar application (0.5% Zn), F2 = Foliar application (1.0% Zn)  
 
Fig. 4.4. Effect of zinc application methods and time on net assimilation rate of maize. 
(a) = 2009, (b) = 2010 
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have important role in cell divission, which in turn, lead to increase in plant height and stem 

diameter. Previous studies of (Suge et al., 1986; Cakmak et al., 1989) show that foliar 

application of Zn improves the vegetative growth of the plant with the production of 

gibberellic acid and indole acetic acid, respectively. Similarly, Kaya and Heggs (2002) 

reported that Zn application increased the plant height by increasing the intermodal distance. 

Similar results plant height and stem diameter were reported by Peykarestan et al. (2012); 

Omotoso and Falade (2007) and Bukvic et al. (2003) with the soil application of Zn. 

Similarly, Hossain et al. (2011) showed increased in plant height with the soil application of 

Zn. On the other hand, Badshah and Ayub (2013) and El-Badawy and Mehasen (2011) 

showed significant increased in plant height and stem diameter with the foliar application of 

Zn. 

Differential response of hybrids was due to the genetic character. Previous studies by 

Hossain et al. (2011) showed that there was genotypic difference in plant height among 

maize hybrids. Similarly Hamidi et al. (2000) reported that different maize hybrids had 

different stem diameter. 

 Zinc application significantly improved the growth parameters (Figures 4.1-4.4). 

Combined application of Zn as soil application and foliage spray enhanced the growth of 

maize significantly. Increase in LAI was due to increased in length and width of leaves which 

could be because of Zn effect on cell division by the production of hormones. Similarly Zn 

foliar application increases tryptophan amino acid and indole acetic acid hormone which 

were the two main factors in leaf area expansion (SeifiNadergholi et al., 2011). More crop 

growth rate and net assimilation rate may be attributed to significant increase in leaf 

expansion due to better growth of plants as affected by Zn application at early growth stages 

of crop which finally increased the dry matter of plant. Similar results were showed by 

Heidarian et al. (2011) in soybean regarding leaf area index (LAI), leaf area duration (LAD), 

crop growth rate (CGR) and net assimilation rate (NAR) with foliar application of Zn against 

control treatment. Safyan et al. (2012) reported increased in the plant height and leaf area 

index (LAI) of maize crop with foliar applied Zn. Also Siddiqui et al. (2009) reported 

maximum LAI, LAD, CGR and NAR with soil application of Zn in sunflower. Similarly, 

Omotoso and Falade (2007) reported highest leaf area with soil Zn application in maize crop. 
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 Variation in growth parameters (LAI, LAD, CGR and NAR) among the maize hybrids 

may be due to the difference in the number of leaves per plant and other genetic characters. 

Similar results have been reported by Guiducci and Marroni (1992) and Otegui et al. (1995) 

in maize crop due to the genetic difference. 

4.1.4. Quality parameters 
4.1.4.1. Protein content (%) 

  Grain protein is used to evaluate the nutritional and cooking worth of grain and more 

protein contents in grain consider of high-quality. Analysis of variance table showed that 

varying the Zn application method and concentration had significantly decreased protein 

content of maize grain (Table 4.21). Interaction of maize hybrids and Zn application methods 

was non-significant during the year 2009 while significant during the year 2010. 

 During the experimental year 2009 only the main effect of Zn application methods 

and hybrids were significant and maize grains with better protein were obtained in plots with 

control treatment with similar results in sole application of Zn as foliar spray (0.5%) and 

combined application of Zn as soil application (5 kg ha-1) and foliar spray (0.5%). These 

results were followed by the sole application of Zn as soil application (50kg ha-1). Maize 

hybrid DK-919 gave more protein contents than the hybrid Pioneer 30-Y-87. During the 

experimental year 2010 interactions of Zn application methods and maize hybrids were 

significant and maximum grain protein contents were recorded in maize hybrid DK-911 with 

control treatment. These results were followed by the Zn application as soil application (10 

kg ha-1) in maize hybrid Pioneer 30-Y-87. 

4.1.4.2. Zinc content (mg kg-1) 

Varying the methods and concentration of Zn had the pronounced effect on Zn percentage on 

maize grain (Table4.22). Maximum Zn contents were observed in maize hybrid Dk-919 with 

Zn application as soil application (10 kg ha-1) and foliar application (1%) during both years 

of experimentation, which was statistically similar hybrid Pioneer 30-Y-87 with Zn 

application as soil application (10 kg ha-1) and foliar application (1%) during year 2009. 

These results were followed by sole application of Zn as foliar spray (1%) in maize hybrid 

DK-919 during both experimental years. 
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4.1.4.3. Discussion 

Grain protein and Zn content are important quality parameters of maize grain. Zinc 

application caused significant increased in grain yield. However, grain protein contents 

shows some decreased with Zn application (Table 4.21), possibly due to the dilution effect 

caused by marked increases in grain yield (Ortiz-Monasterio et al., 2007). Similarly, Duvick 

(1997) reported linear decrease in grain protein percent as grain yield increased. As 

concentration of applied nitrogen was same to all treatments, so less concentration would be 

available for grains after a vigorous growth of plant.  Kaya et al. (2002) exhibited decreased 

in protein content of wheat grain with soil application of Zn. Contradictory results were 

reported by Khattak et al. (2006) and Zeidan et al. (2010) regarding protein content of grain 

respectively, in maize and wheat with foliar application of Zn. However Xi-wen et al. (2011) 

exhibited non-significant effect of foliar Zn application on grain protein contents in wheat 

crop. 

Similarly increased in grain Zn accumulation (Table 4.22) of maize plants by 

combined Zn application as soil application and foliar spray might be attributed to rapidity 

with which they can potentially deliver and recovered the nutrients. Dvorak et al. (2003) 

reported that proper Zn application preferentially moved in the plant to be deposited in the 

grain. Similar findings were reported by Soleimani (2012), who exhibited increased in the 

grain Zn content of maize with combined application of Zn as soil application and foliage 

spray as compared sole application. Similarly, Harris et al. (2007) also observed increase in 

grain Zn concentration of maize crop by the application of ZnSO4 to the root medium. Also, 

Wang et al. (2012) reported decrease in the maize grain Zn contents in combined application 

of soil application and foliage spray as compared to the sole application of foliar in first 

growing season and vice versa in the second growing season. 

4.1.5. Zinc efficiency rates 
4.1.5.1. Zn use efficiency (kg kg-1) 

Zn use efficiency (ZnUE) is an important indicator which shows that how efficiently 

plant use nutrient to produce dry matter or economic yield.  Effect of different Zn application 

methods on ZnUE of maize hybrids is presented in Table. 4.23. 

 Zinc application significantly affected the ZnUE during both years. Maximum ZnUE 

was recorded in sole application of Zn as foliar spray (0.5%) in maize hybrid Pioneer 30-Y-
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87 and DK-919 respectively, during the year 2009 and 2010, statistically similar with the sole 

application of Zn as foliar spray (1.0%) in maize hybrid Pioneer 30-Y-87 during the year 

2009. These results were followed by the sole application of Zn as foliar spray (1%) in maize 

hybrid DK-919 and Pioneer 30-Y-87 respectively during the years 2009 and 2010. 

4.1.5.2. Apparent Zn recovery efficiency in maize grain (%) 

 Apparent Zn recovery efficiency is reflection of plant ability to acquire applied Zn. 

Effect of different Zn application methods on apparent Zn recovery efficiency of maize 

hybrids is presented in Table. 4.24. 

 Zinc application significantly affected Zn efficiency during both years of 

experimentation. Maximum Zn recovery efficiency was calculated in maize hybrid DK-919 

with sole application of Zn as foliar spray (1%) during both years which was statiscally 

similar to same Zn treatment in maize hybrid Pioneer 30-Y-87 during year 2009. These 

results were followed by combined application of Zn as soil application (10 kg-1) with foliar 

spray (1%). During year 2009 and sole application of Zn as foliar spray (1%) during during 

year 2010 on maize hybrid Pioneer 30-Y-87. 

4.1.5.3. Discussion  

 Different Zn application methods significantly affected the ZnUE and apparent Zn 

recovery efficiency during both years of experimentation (Table 4.23 and Table 4.24). Zinc 

use efficiency decreased with higher rate of Zn application rate. Maximum ZnUE and 

recovery efficiency with lowest rate of Zn application may be due to the inverse relationship 

often observed between utilization and rate of application. Higher effectiveness of foliar 

application of Zn as compared to soil application may be partly attributed to higher 

absorption and translocation of Zn applied through the foliar application (Haslett et al., 2001; 

Xi-wen et al., 2011) and partly to the fact that unlike a soil-applied inorganic Zn fertilizer, 

foliar-applied Zn is not subjected to chemical transformation in soil that could reduce 

solubility and availability of a soil-applied Zn. Similar results were exhibited by Srivastava et 

al. (2013) who reported higher ZnUE in foliar Zn application as compared to soil application. 

Higher ZnUE at lower Zn level was reported by Genc et al. (2002) in barley genotypes and 

Fageria et al. (2011) in rice. Similarly Mortvedt (1994) who reported relatively low recovery  
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Table. 4.20. Analysis of Variance Table for effect of zinc application methods and time on grain protein, Zn content  and Zn 
efficiency rates 

S.OV. = Source of Variation, D.F. = Degree of Freedom, M.S.S. = Mean Sum of Squares  
* = Significant at P < 0.05, ** = Significant at P < 0.01, ns = Non-significant 

  

S.O.V D.F. 

M.S.S 

Grain protein 
content  

Grain zinc content  Zn use efficiency 
Apparent zinc 

efficiency 

2009 2010 2009 2010 2009 2010 2009 2010 

Replication 2 0.00 0.00 0.42 1.04 1573.7 1358.0 0.0017 0.0045** 

Zinc application methods 
(Z) 

8 0.55 ** 0.69 ** 37.38 ** 40.08 ** 51731.2** 31291.3**
0.60375*

* 
0.5823** 

Hybrids (H) 1 0.21 ** 0.64 ** 4.68 ** 35.52 ** 10004.2** 16.7ns 0.0062ns 0.0024** 

Z × H 8 0.00 ns 0.21 ** 2.50 ** 2.46 ** 3896.5* 6444.4** 0.0058** 0.0164** 

Error 34 0.01 0.00 0.05 0.00 1333.2 194.8 0.00174 0.00029 

Total 53       
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Table:4.21. Effect of zinc application methods and time on grain protein content (%) of 
maize. 

Zinc Application 

Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK = Control (No zinc 
application) 

10.87 10.72 10.79 A 11.12 a 10.51 h 10.81 A 

S1 = Soil application (5 kg 
ha-1 ZnSO4)  

10.51 10.32 10.41 BC 10.75 ef 10.84 de 10.79 A 

S2 = Soil application (10 
kg ha-1 ZnSO4)  

10.23 10.19 10.21 C-E 10.47 h 10.98 b 10.72 B 

F1 = Foliar application 
(0.5% ZnSO4)  

10.68 10.58 10.63 AB 10.88 cd 10.35 i 10.61 C 

F2 = Foliar application 
(1.0% ZnSO4)  

10.07 9.92 9.99 E 10.29 i 10.02 kl 10.15 E 

S1 + F1 10.73 10.47 10.60 AB 10.97 bc 10.69 fg 10.83 A 

S1 + F2 10.01 10.05 10.03 DE 10.14 j 10.14 j 10.14 E 

S2 + F1 10.35 10.14 10.24 CD 10.61 g 9.94 lm 10.27 D 

S2 + F2 10.02 9.93 9.97 E 10.08 jk 9.88 m 9.98 F 

Mean 10.38 A 10.25 B  10.59 A 10.37 B  

LSD at P 0.05 Treatment: 0.241, Hybrids: 0.069, 
Interaction: NS 

Treatment: 0.061, Hybrids: 0.017, 
Interaction: 0.098 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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Table:4.22. Effect of zinc application methods and time on grain zinc content (mg kg-1) 
of maize. 

Zinc Application 

Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK = Control (No zinc 
application) 

19.57 m 19.18 m 19.37 G 21.68 n 20.08 p 20.88 G 

S1 = Soil application (5 kg 
ha-1 ZnSO4)  

20.69 kl 22.03 hi 21.36 F 22.85 l 22.96 l 22.90 F 

S2 = Soil application (10 
kg ha-1 ZnSO4)  

21.73 ij 21.26 jk 21.49 F 23.72 k 22.03 m 22.87 F 

F1 = Foliar application 
(0.5%     ZnSO4)  

23.67 g 20.38 l 22.02 E 25.41 h 21.15 o 23.28 E 

F2 = Foliar application 
(1.0% ZnSO4)  

26.48 b 24.84 de 25.66 B 28.54 b 25.87 g 27.20 B 

S1 + F1 22.61 h 22.71 h 22.66 D 24.59 j 23.81 k 24.20 D 

S1 + F2 25.43 cd 25.67 c 25.55 B 27.43 d 26.98 e 27.20 B 

S2 + F1 24.51 ef 23.89 fg 24.20 C 26.58 f 24.96 i 25.77 C 

S2 + F2 27.32 a 26.75 ab 27.03 A 29.57 a 27.93 c 28.75 A 

Mean 23.55 A 22.96 B  25.56 A 23.97 B  

LSD at P 0.05 Treatment: 0.459, Hybrids: 0.132, 
Interaction: 0.738 

Treatment: 0.175, Hybrids: 0.050, 
Interaction: 0.281 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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Table:4.23. Effect of zinc application methods and time on Zn use efficiency (kg kg-1). 

Zinc Application 

Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK = Control (No zinc 
application) 

0 f 0 f 0 D 0 i 0 i 0 E 

S1 = Soil application (5 kg 
ha-1 ZnSO4)  

36 ef 43 ef 39 B-D 28 ghi 88 c-e 58 C 

S2 = Soil application (10 
kg ha-1 ZnSO4)  

29 ef 32 ef 30 CD 22 hi 33 f-i 27 D 

F1 = Foliar application 
(0.5% ZnSO4)  

200 b-d 351 a 275 A 280 a 114 c 197 A 

F2 = Foliar application 
(1.0% ZnSO4)  

202 bc 251 ab 226 A 200 b 222 b 211 A 

S1 + F1 88 d-f 62 ef 75 BC 41 f-i 87 c-e 64 C 

S1 + F2 100 c-f 
117.00 c-

e 
108 B 89 cde 107 cd 98 B 

S2 + F1 36 ef 65 ef 50 B-D 48 e-h 57 e-h 52 CD 

S2 + F2 71 ef 84 ef 77 BC 65 d-g 75 c-f 70 C 

Mean 84 B 112 A  86 87  

LSD at P 0.05 Treatment: 69.75, Hybrids: 20.17, 
Interaction: 112.20 

Treatment: 26.65, Hybrids: NS, 
Interaction: 42.88 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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Table:4.24. Effect of zinc application methods and time on apparent zinc recovery 
efficiency in maize grain (%). 

Zinc Application 

Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK = Control (No zinc 
application) 

0.00 h 0.00 h 0.00 F 0.00 j 0.00 j 0.00 H 

S1 = Soil application (5 kg 
ha-1 ZnSO4)  

0.09 gh 0.21 efg 0.15 E 0.09 i 0.25 g 0.17 F 

S2 = Soil application (10 kg 
ha-1 ZnSO4)  

0.35 cd 0.37 c 0.36 C 0.313 ef 0.35 e 0.33 D 

F1 = Foliar application 
(0.5% ZnSO4)  

0.28 cde 0.18 efg 0.23 D 0.30 fg 0.09 i 0.19 F 

F2 = Foliar application 
(1.0% ZnSO4)  

1.04 a 1.02 a 1.03 A 1.05 a 0.97 b 1.025 A 

S1 + F1 0.14 fg 0.14 fg 0.14 E 0.10 i 0.16 h 0.13 G 

S1 + F2 0.34 cd 0.41 c 0.37 C 0.33 ef 0.40 d 0.36 C 

S2 + F1 0.23 def 0.29 cde 0.26 D 0.26 g 0.28 fg 0.27 E 

S2 + F2 0.65 b 0.71 b 0.68 B 0.65 c 0.69 c 0.67 B 

Mean 0.35 0.37  0.34 B 0.36 A  

LSD at P 0.05 Treatment: 0.079, Hybrids: NS, 
Interaction: 0.128 

Treatment: 0.032, Hybrids: 0.023, 
Interaction: 0.052 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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of micronutrients due to poor distribution from low rates applied fertilizer reaction with soil 

to form insoluble products. Variation in Zn efficiency was found among the cultivars of 

maize. Furlani et al. (2005) reported difference among the maize cultivars for ZnUE. 

4.1.6. Economic analysis 
As farmers are more concerned in variable costs and net returns of certain treatments 

so to look the experiment from the farmer’s point of view economic analysis becomes 

essential. It helps researcher to plan for further investigation or to make recommendations to 

the farmers. As there were differences in yield and output price during 2009 and 2010; the 

analysis was made on individual year basis by using standard procedures. 

4.1.6.1. Net field benefits 
 Economic analysis of different Zn application methods to maize hybrids is given in 

(Table 4.24 a,b). Zinc application increased the net benefits than control in both maize 

hybrids. However, maximum field benefits or net returns were obtained from combined 

application of Zn as soil application (10 kg ha-1) and foliar spray (1%) in maize hybrid 

Pioneer 30-Y-87 during both experimental years. This was due to more grain yield as 

compared to other treatments which resulted in maximum net field benefits. 

4.1.6.2. Benefit cost ratio 
 It is clear from the Table (Table 4.24 a,b) that the maximum benefit cost ratio was 

obtained with combined application of Zn as soil application (10 kg ha-1) and foliar spray 

(1%) in maize hybrid Pioneer 30-Y-87 during both experimental years. While the minimum 

benefit cost ratio was obtained with control Zn treatment in maize hybrid DK-919 during 

both years of experimentation. This was due to more grain yield as compared to others. 

4.1.6.3. Discussion 
 Present study showed that Zn application in maize hybrid not only increased the yield 

and improved the quality (grain Zn contents) but also increased the net field benefits (Table 

4.24 a,b). Increased yield results in more economic return which is the actual purpose behind 

growing of a crop. Combined application of Zn as soil application (10 kg ha-1) and foliar 

spray (1%) gave more grain yield, give extra economic return than other treatments. 

However, this Zn application treatment take more cost to produce maximum grain yield but 

at the end these returns more net benefits that compensate their cost and gave more benefits 

than others. 
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 Benefit cost ratio is an important to farmers because they are interested in seeing the 

increase in net returns with a given increase in total costs. Different Zn application methods 

significantly affected the benefit cost ratio (Table 4.24 a,b). Maximum benefit cost ratio was 

recorded in combined application of Zn as soil application (10 kg ha-1) and foliar spray (1%). 

This was due to significantly more grain yield and net field benefits than any other treatment. 
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Table. 4.25 (a). Net income and Benefit cost ratio of Experiment No.1 during 2009 
 

CK = No Zn application, S1 = Soil application (5 kg ha-1 Zn), S2 = Soil application (10 kg ha-

1 Zn), F1 = Foliar application (0.5% Zn), F2 = Foliar application (1.0% Zn)  
  

Treatments Total 
expenditures 

(Rs. ha-1) 

Gross income 
(Rs. ha-1) 

Net income 
(Rs. ha-1) 

Benefit 
cost ratio 

Hybrid  Zn 
application 

D
K

-9
19

 

CK 67780 107730 39950 1.59 

S1 69343 111375 42032 1.61 

S2 70706 113603 42897 1.61 

F1 68902 114818 45916 1.67 

F2 69774 122108 52334 1.75 

S1+F1 70465 119678 49213 1.70 

S1+F2 71337 124943 53606 1.75 

S2+F1 71828 116235 44407 1.62 

S2+F2 72700 127373 54673 1.75 

P
io

n
ee

r 
30

-Y
-8

7 

CK 67780 115020 47240 1.70 

S1 69343 119475 50132 1.72 

S2 70706 121703 50997 1.72 

F1 68902 127373 58471 1.85 

F2 69774 132840 63066 1.90 

S1+F1 70465 123525 53060 1.75 

S1+F2 71337 135270 63933 1.90 

S2+F1 71828 130613 58785 1.82 

S2+F2 72700 138105 65405 1.90 
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Table. 4.25(b). Net income and Benefit cost ratio of Experiment No.1 during 2010 
 

CK = No Zn application, S1 = Soil application (5 kg ha-1 Zn), S2 = Soil application (10 kg ha-

1 Zn), F1 = Foliar application (0.5% Zn), F2 = Foliar application (1.0% Zn)  
  

Treatments Total 
expenditures 

(Rs. ha-1) 

Gross income 
(Rs. ha-1) 

Net income 
(Rs. ha-1) 

Benefit 
cost ratio 

Hybrid  Zn 
application 

D
K

-9
19

 

CK 74897 108882 33985 1.45 

S1 76536 111780 35244 1.46 

S2 77975 113436 35461 1.45 

F1 76067 119025 42958 1.56 

F2 76987 123372 46385 1.60 

S1+F1 77706 114678 36972 1.48 

S1+F2 78626 124614 45988 1.58 

S2+F1 79145 120681 41536 1.52 

S2+F2 80065 127098 47033 1.59 

P
io

n
ee

r 
30

-Y
-8

7 

CK 74897 114057 39160 1.52 

S1 76536 123165 46629 1.61 

S2 77975 120888 42913 1.55 

F1 76067 118197 42130 1.55 

F2 76987 130203 53216 1.69 

S1+F1 77706 126270 48564 1.62 

S1+F2 78626 132894 54268 1.69 

S2+F1 79145 127926 48781 1.62 

S2+F2 80065 135171 55106 1.69 
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4.2. Experiment No. 2 

Influence of exogenous zinc application on the allometry, growth and yield of maize 

hybrids. 

4.2.1. Yield and yield component 

4.2.1.1. Plant population at harvest (m-2) 

The number of plant per unit area is an important component of yield. The exogenous 

application of Zn on maize hybrids did not significantly affect the plant population at harvest 

(m-2) during both years (Table 4.27). 

4.2.1.2. Number of cobs per plant 

 Number of cobs per plant had significant role in the final yield of the maize crop. It 

was observed that there was no significant effect of exogenous application of Zn on maize 

hybrids regarding number of cobs per plant (Table 4.28). 

4.2.1.3. Cob length (cm) 

Cob length is one of the important factors to determine the yield of maize. As the 

length of cob will be more, there will be more number of grains per row and ultimately more 

grain yield per cob. Different Zn application methods and maize hybrids significantly 

affected the length of cob during both years (Table 4.29). 

The interactive effect of Zn application methods and maize hybrids was statistically 

non-significant during the experimental year 2009. However main effects (zinc application 

methods and maize hybrids) were statistically significant. Maize hybrid Pioneer 30-Y-87 had 

more cob length than hybrid DK-919 during the year 2009. Among Zn application methods, 

combined Zn application as seed priming (2%) and foliar spray (2%) produces the maximum 

cob length, which was statistically at par with combined application of Zn as seed priming 

(2%) and foliar spray (1%), seed priming with 1% Zn solution + foliage spray (2%) and sole 

application of foliage spray (2%). However, during the year 2010 interactive effects were 

significant and maximum cob length was produced by Pioneer 30-Y-87 with combined 

application of Zn as seed priming (2%) and foliar application (2%) followed by the combined 

Zn application as seed priming (2%) + foliar spray (1%). 
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Table. 4.26. Analysis of Variance Table for influence of exogenous zinc application methods on plant population at harvest, 
cob length, cob diameter, number of cobs per plant and number of grain rows per cob of maize.   

S.OV. = Source of Variation, D.F. = Degree of Freedom, M.S.S. = Mean Sum of Squares  
* = Significant at P < 0.05, ** = Significant at P < 0.01, ns = Non-significant  
  

S.O.V 
D.F

. 

M.S.S 

Plant population at 
harvest  

Cob length  Cob diameter  
Number of cobs per 

plant 
Number of grain 

rows per cob 
2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 

Replication 2 0.07 0.07 12.01 1.66 0.00 0.00 0.01 0.00 0.68 0.02 

Zinc 
application 
methods (Z) 

8 0.02 ns 0.04 ns 28.18 ** 25.54 ** 0.25 ** 0.14 ** 0.01 ns 0.00 ns 0.26 ns 0.04 ns

Hybrids (H) 1 0.00 ns 0.00 ns 118.19 ** 37.95 ** 0.43 ** 0.14 ** 0.00 ns 0.02 ns 1.63 ns 0.19 ns

Z × H 8 0.07 ns 0.04 ns 1.63 ns 0.72 ** 0.00 ** 0.00 ns 0.00 ns 0.01 ns 0.18 ns 0.03 ns

Error 34 0.05 0.05 1.86 0.00 0.00 0.00 0.01 0.01 1.23 0.04 

Total 53           
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Table:4.27. Influence of exogenous zinc application methods on plant population (m-2) 
of maize. 

Zinc Application 

Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK=Control (No zinc 
application) 

6.33 6.66 6.49 6.44 6.33 6.38 

SP1 = Seed priming (1.0% 
ZnSO4) 

6.55 6.55 6.55 6.66 6.33 6.49 

SP2 = Seed priming (2.0% 
ZnSO4) 

6.55 6.44 6.49 6.33 6.44 6.38 

F1 = Foliar application 
(1.0% ZnSO4) 

6.44 6.44 6.44 6.33 6.44 6.38 

F2 = Foliar application 
(2.0% ZnSO4) 

6.66 6.44 6.55 6.55 6.66 6.6 

SP1 + F1 6.33 6.55 6.44 6.66 6.55 6.6 

SP1 + F2 6.44 6.22 6.33 6.55 6.33 6.44 

SP2 + F1 6.33 6.66 6.49 6.55 6.55 6.55 

SP2 + F2 6.55 6.44 6.49 6.33 6.55 6.44 

Mean 6.46 6.48  6.48 6.46  

LSD at P 0.05 Treatment: NS, Hybrid: NS, 
Interaction: NS 

Treatment: NS, Hybrid: NS, 
Interaction: NS 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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Table:4.28. Influence of exogenous zinc application methods on number of cobs per 
plant of maize. 

Zinc Application 

Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK=Control (No zinc 
application) 

1.06 1.06 1.06 1.13 1.1 1.11 

SP1 = Seed priming (1.0% 
ZnSO4) 

1.1 1.1 1.1 1.06 1.03 1.05 

SP2 = Seed priming (2.0% 
ZnSO4) 

1.13 1.13 1.13 1.13 1.1 1.11 

F1 = Foliar application 
(1.0% ZnSO4) 

1.06 1.1 1.08 1.13 1.1 1.11 

F2 = Foliar application 
(2.0% ZnSO4) 

1.13 1.13 1.13 1.13 1.06 1.1 

SP1 + F1 1.13 1.13 1.13 1.1 1.06 1.08 

SP1 + F2 1.16 1.16 1.16 1.1 1.03 1.06 

SP2 + F1 1.13 1.16 1.15 1.2 1 1.1 

SP2 + F2 1.2 1.23 1.21 1.06 1.2 1.13 

Mean 1.12 1.13  1.11 1.07  

LSD at P 0.05 Treatment: NS, Hybrid: NS, 
Interaction: NS 

Treatment: NS, Hybrid: NS, 
Interaction: NS 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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Table:4.29. Influence of exogenous zinc application methods on cob length (cm) of 
maize. 

Zinc Application 

   Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK=Control (No zinc 
application) 

13.69 15.19 14.44 E 11.12 n 12.67 l 11.89 I 

SP1 = Seed priming (1.0% 
ZnSO4) 

14.01 17.46 15.73 DE 12.07 m 14.46 h 13.26 H 

SP2 = Seed priming (2.0% 
ZnSO4) 

14.98 16.14 15.56 DE 13.23 k 13.74 j 13.48 G 

F1 = Foliar application 
(1.0% ZnSO4) 

14.32 18.20 16.26 C-E 12.76 l 15.07 f 13.91 F 

F2 = Foliar application 
(2.0% ZnSO4) 

17.24 19.78 18.51 A-C 15.84 e 16.64 d 16.24 C 

SP1 + F1 15.92 19.12 17.52 B-D 14.12 i 15.84 e 14.98 E 

SP1 + F2 18.10 21.38 19.74 AB 16.54 d 18.13 b 17.33 B 

SP2 + F1 16.74 21.04 18.89 AB 14.78 g 17.35 c 16.06 D 

SP2 + F2 19.28 22.60 20.94 A 17.31 c 18.96 a 18.13 A 

Mean 16.03 B 18.99 A  14.19 B 15.87 A  

LSD at P 0.05 Treatment: 2.60, Hybrid: 0.75, 
Interaction: NS 

Treatment: 0.17, Hybrid: 0.04, 
Interaction: 0.27 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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4.2.1.4. Cob diameter (cm) 
Cob diameter is an important yield contributing trait in maize. It contributes 

substantially to grain yield of maize, because it influences both number of grains per cob and 

grain size. Cob diameter of maize was significantly affected by the different Zn application 

methods on maize hybrids (Table 4.30) during both experimental years. 

 More cob diameter was recorded in combined application of Zn as seed priming (2%) 

and foliar spray (2%) which was statistically similar to the combined application of Zn as 

seed priming (2%) and foliar spray (1%) in maize hybrid Pioneer 30-Y-87 during the year 

2009. During experimental year 2010 only main effects were statistically significant and 

maize hybrid Pioneer 30-Y87 had more cob diameter than hybrid DK-919. Among Zn 

application methods highest cob diameter was produced by the combined application of Zn 

as seed priming (2%) + foliage spray (2%), which was similar to the combined application of 

Zn as seed priming (2%) + foliage spray (1%). These results were followed by combined 

application of Zn as seed priming (1%) + foliar spray (2%) and the sole application of Zn as 

foliar spray (2%).  

4.2.1.5. Number of grain rows per cob 

 Data regarding number of grain rows per cob is presented in Table 4.31. It is revealed 

from the table that number of grain rows per cob was non-significant during both years of 

study.  

4.2.1.6. Number of grains per cob 

 Number of grains per cob is an important yield contributing parameters which 

materially affect the final grain yield of maize. It is evident from the Table 4.33 that there 

was a significant difference in the number of grains per cob during both year of study. 

 The interactions of Zn application methods and maize hybrid was significant and 

combined application of Zn as seed priming (2%) and foliar spray (2%) on hybrid Pioneer 

30-Y-87 produced the more number of grains per cob than any other treatment during year 

2009. These were statistically at par with combined Zn application as seed priming (2%) + 

foliar spray (1%) and seed priming (1%) + foliar spray (2%). The interactions of Zn 

application methods and maize hybrids were non-significant and main effects (Zn application 

methods and hybrids) were significant during the experimental year 2010. Pioneer 30-Y87 

produced the highest number of grains per cob than hybrid DK-919.  
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Table:4.30. Influence of exogenous zinc application methods on cob diameter (cm) of 
maize. 

Zinc Application 

Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK=Control (No zinc 
application) 

3.48 k 3.63 ij 3.55 F 3.58 3.62 3.60 F 

SP1 = Seed priming (1.0% 
ZnSO4) 

3.57 jk 3.76 gh 3.66 E 3.65 3.74 3.69 E 

SP2 = Seed priming (2.0% 
ZnSO4) 

3.61 ij 3.90 ef 3.75 D 3.70 3.81 3.75 DE 

F1 = Foliar application 
(1.0% ZnSO4) 

3.70 hi 3.82 fg 3.76 D 3.74 3.88 3.81 CD 

F2 = Foliar application 
(2.0% ZnSO4) 

3.87 efg 4.11 bc 3.99 B 3.88 4.03 3.95 B 

SP1 + F1 3.78 gh 3.97 de 3.87 C 3.81 3.92 3.86 C 

SP1 + F2 4.02 cd 4.20 ab 4.11 A 3.96 4.09 4.02 AB 

SP2 + F1 3.95 de 4.05 cd 4.00 B 3.93 3.98 3.95 B 

SP2 + F2 4.09 bc 4.25 a 4.17 A 4.01 4.13 4.07 A 

Mean 3.78 B 3.96 A  3.80 B 3.91 A  

LSD at P 0.05 Treatment: 0.071, Hybrid: 0.020, 
Interaction: 0.114 

Treatment: 0.071, Hybrid: 0.020, 
Interaction: NS 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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Table:4.31. Influence of exogenous zinc application methods on number of grain rows 
per cob of maize. 

Zinc Application 

Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK=Control (No zinc 
application) 

11.33 11.36 11.35 11.09 11.19 11.14 

SP1 = Seed priming (1.0% 
ZnSO4) 

11.00 11.66 11.33 11.27 11.31 11.29 

SP2 = Seed priming (2.0% 
ZnSO4) 

11.26 11.33 11.30 11.22 11.35 11.29 

F1 = Foliar application 
(1.0% ZnSO4) 

11.33 11.33 11.33 11.31 11.45 11.38 

F2 = Foliar application 
(2.0% ZnSO4) 

11.33 11.46 11.40 10.93 11.42 11.17 

SP1 + F1 10.33 11.33 10.83 11.32 11.34 11.33 

SP1 + F2 11.20 11.43 11.31 11.33 11.40 11.36 

SP2 + F1 10.66 11.33 11.00 11.31 11.41 11.36 

SP2 + F2 11.33 11.66 11.50 11.35 11.34 11.35 

Mean 11.08 11.43  11.24 11.35  

LSD at P 0.05 Treatment: NS, Hybrid: NS, 
Interaction: NS 

Treatment: NS, Hybrid: NS, 
Interaction: NS 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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Table. 4.32 Analysis of Variance Table for influence of exogenous zinc application methods on the number of grains per cob, 
1000-grain weight, biological yield, grain yield and harvest index of maize. 
 

S.OV. = Source of Variation, D.F. = Degree of Freedom, M.S.S. = Mean Sum of Squares  
* = Significant at P < 0.05, ** = Significant at P < 0.01, ns = Non-significant  
  

S.O.V 
D.
F. 

M.S.S 

Number of grains per 
cob 

1000-grain weight  
Biological yield 

 
Grain yield 

 
Harvest index 

2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 

Replication 2 104.65 101.22 111.08 2.60 0.00 0.00 0.00 0.00 0.11 0.00 

Zinc application 
methods (Z) 

8 1710.53 ** 1188.19 ** 1187.32 ** 1125.50 ** 3.55 ** 5.05 ** 0.85 ** 0.91 ** 2.59 ** 1.19 ** 

Hybrids (H) 1 7814.45 ** 2905.47 ** 2764.62 ** 4157.51 ** 16.50 ** 13.83 ** 5.35 ** 8.26 ** 24.57 ** 79.42 ** 

Z × H 8 110.72 * 11.81 ns 66.67 * 42.61 ns 0.19 ** 0.23 ** 0.05 ** 0.03 ** 0.32 ns 0.41 ** 

Error 34 41.67 75.61 22.37 53.22 0.00 0.00 0.01 0.00 0.29 0.10 

Total 53           
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Table:4.33. Influence of exogenous zinc application methods on number of grains per 
cob of maize. 

Zinc Application 

Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK=Control (No zinc 
application) 

307.5 j 336.4 g-i 321.9 F 304.4 319.1 311.7 E 

SP1 = Seed priming 
(1.0% ZnSO4) 

318.2 ij 354.7 c-g 336.4 E 312.7 327.7 320.2 DE 

SP2 = Seed priming 
(2.0% ZnSO4) 

339.6 f-h 348.2 d-h 343.9 DE 318.5 332.6 325.6 C-E 

F1 = Foliar application 
(1.0% ZnSO4) 

329.5 hi 360.0 c-e 344.8 DE 321.9 336.4 329.2 CD 

F2 = Foliar application 
(2.0% ZnSO4) 

351.9 c-g 367.9 b-d 359.9 BC 336.2 346.3 341.3 A-C 

SP1 + F1 345.7 e-h 363.8 b-e 354.8 CD 326.8 339.5 
333.2  B-

D 

SP1 + F2 357.3 c-f 382.4 ab 369.9 AB 340.9 356.2 348.6 AB 

SP2 + F1 348.1 d-h 371.5 a-c 359.8 BC 331.0 351.8 341.4 A-C 

SP2 + F2 361.1 c-e 390.5 a 375.8 A 348.5 363.4 356.0 A 

Mean 339.9 B 363.9 A  326.8 B 341.4 A  

LSD at P 0.05 Treatment: 12.33, Hybrid: 3.56, 
Interaction: 19.83 

Treatment: 16.61, Hybrid: 4.80, 
Interaction: NS 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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Among Zn application treatments combined application of Zn as seed priming (2%) 

and foliar spray (2%) produced maximum number of grains per cob which was statistically at 

par with combined application of Zn as seed priming (2%) and foliar spray (1%), seed 

priming (1%) and foliage spray (2%) and sole application of Zn as foliar spray (2%). These 

results were followed by combined Zn application as seed priming (1%) and foliar spray 

(1%).  

4.2.1.7. 1000-grain weight (g) 

 Mean 1000-grain weight is an important yield contributing factor, which plays an 

influential role in showing the potential of variety. It was found that different Zn application 

methods and hybrids interaction was significant during the experimental year 2009 and non-

significant during year 2010 (Table 4.34). Main effects of hybrid and Zn application methods 

were significant during year 2010. 

 Data given showed that combined application of Zn as seed priming (2%) and foliar 

spray (2%) on hybrid Pioneer 30-Y-87 produced the highest 1000-grain weight, which was 

statistically at par with combined application of Zn as seed priming (1%) and foliar spray 

(2%), seed priming (2%) + foliar spray (1%) and sole application of foliar spray (2%) during 

year 2009 in same hybrid. These results were followed by combined application of Zn as 

seed priming (2%) and foliage spray (2%). During experimental year 2010 only main effects 

were significant and maximum grain weight was produced by hybrid Pioneer 30-Y-87 than 

hybrid DK-919. Combined application of Zn as seed priming (2%) and foliar spray (2%) 

produced the highest 1000-grain weight, which was statistically at par with combined 

application of Zn as seed priming (1%) and foliar spray (2%), seed priming (2%) and foliar 

spray (1%) and sole application of foliar spray (2%) during the year 2010. These results were 

followed by combined application of Zn as seed priming (1%) and foliage spray (1%). 

4.2.1.8. Grain yield (t ha-1) 

 Significant effect of Zn application methods and maize hybrids was recorded during 

both experimental years (Table 4.35). All Zn treatments significantly improved the grain 

yield and maximum grain yield was recorded in combined application of Zn as seed priming 

(2%) and foliar spray (2%) in hybrid Pioneer 30-Y-87, which was similar to the combined 

application of Zn as seed priming (2%) and foliar spray (1%) in same hybrid during the  
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Table:4.34. Influence of exogenous zinc application methods on 1000-grain weight of 
maize. 

Zinc Application 

Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK=Control (No zinc 
application) 

209.86 j 219.38 hij 214.62 F 206.78 219.46 213.12 D 

SP1 = Seed priming 
(1.0% ZnSO4) 

212.37 ij 235.26 e-g 223.81 E 213.14 233.67 223.41 CD 

SP2 = Seed priming 
(2.0% ZnSO4) 

225.34 g-i 229.34 f-h 227.34 DE 220.37 227.57 223.97 CD 

F1 = Foliar application 
(1.0% ZnSO4) 

218.55 h-j 242.15 c-f 230.35 DE 217.64 237.08 227.36 C 

F2 = Foliar application 
(2.0% ZnSO4) 

237.55 d-g 249.88 a-d 243.72 BC 235.41 249.34 242.38 AB 

SP1 + F1 231.14 f-h 238.44 d-g 234.79 CD 224.96 242.13 233.55 BC 

SP1 + F2 243.69 c-f 260.67 ab 252.18 AB 238.55 259.78 249.17 A 

SP2 + F1 239.82 d-g 255.91 a-c 247.86 AB 230.62 253.92 242.27 AB 

SP2 + F2 248.27 b-e 264.35 a 256.31 A 243.77 266.23 255.00 A 

Mean 229.62 B 243.93 A  225.69 B 243.24 A  

LSD at P 0.05 Treatment: 9.03, Hybrid: 2.61, 
Interaction: 14.53 

Treatment: 13.93, Hybrid: 4.03, 
Interaction: NS 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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Table:4.35. Influence of exogenous zinc application methods on grain yield (kg ha-1) of 
maize. 

Zinc Application 

Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK=Control (No zinc 
application) 

5.60 m 6.01 i-l 5.80 G 5.18 n 5.87 ij 5.52 G 

SP1 = Seed priming 
(1.0% ZnSO4) 

5.76 lm 6.42 d-h 6.09 F 5.39 m 6.27 fg 5.83 F 

SP2 = Seed priming 
(2.0% ZnSO4) 

5.99 j-l 6.28 f-j 6.14 F 5.61 kl 6.10 h 5.85 EF 

F1 = Foliar application 
(1.0% ZnSO4) 

5.88 k-m 6.60 c-e 6.24 EF 5.48 lm 6.41 ef 5.94 E 

F2 = Foliar application 
(2.0% ZnSO4) 

6.30 e-i 6.89 bc 6.60 CD 6.02 hi 6.69 cd 6.35 C 

SP1 + F1 6.11 h-k 6.71 cd 6.41 DE 5.72 jk 6.57 de 6.14 D 

SP1 + F2 6.44 d-g 7.19 ab 6.81 AB 6.16 gh 6.96 b 6.56 B 

SP2 + F1 6.22 g-j 7.11 ab 6.66 BC 5.88 ij 6.82 bc 6.35 C 

SP2 + F2 6.59 c-f 7.34 a 6.96 A 6.34 f 7.13 a 6.73 A 

Mean 6.10 B 6.73 A  5.75 B 6.53 A  

LSD at P 0.05 Treatment: 0.19, Hybrid: 0.05, 
Interaction: 0.31 

Treatment: 0.10, Hybrid: 0.02, 
Interaction: 0.16 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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experimental year 2009. These results were followed by combined application of Zn as seed 

priming (1%) and foliar spray (2%) during the year 2009 and seed priming (2%) and foliar 

spray (1%) during year 2010 in hybrid Pioneer 30-Y-87. 

4.2.1.9. Biological yield (t ha-1) 

 It was found that interactions of Zn application methods and maize hybrids were 

statistically significant during both experimental years as described in the Table 4.36. 

 Application of Zn markedly enhanced the biological yield during both years. 

Combined application of Zn as seed priming (2%) and foliar spray (2%) in hybrid Pioneer 

30-Y-87 produced the highest biological yield followed by combined Zn application as seed 

priming (2%) and foliar spray (1%) during both experimental years. 

4.2.1.10. Harvest index (%) 

 Harvest index represents the physiological efficacy to translocation of assimilates into 

the economic or grain yield. Different Zn application methods in maize hybrids significantly 

affected the harvest index during both experimental years (Table 4.37). 

 Interactions of Zn application methods and maize hybrids were significant during both 

experimental years. Maximum harvest index was recorded in hybrid Pioneer 30-Y 87 with 

combine Zn application as seed priming (2%) and foliar spray (2%) during both years which 

was statistically at par in hybrid Pioneer 30-Y-87 with combined application of Zn as seed 

priming (2%) and foliar spray (1%) during year 2009 and combined application of Zn as seed 

priming (1% and 2%) and foliar spray (1% and 2%) and alone application of Zn as foliar 

spray (1% and 2%) during year 2010. These results were followed by combined Zn 

application as seed priming (1%) and foliar spray (2%) during year 2009 and seed priming 

(2%) with Zn solution during year 2010 in hybrid Pioneer 30-Y-87 hybrid. 

4.2.1.11. Discussion 
 This study showed that different Zn application treatments significantly affected the 

agronomic and yield related traits of maize hybrids during both years of experimentation. 

 The effect of Zn application on plant establishment was non-significant (Table. 4.27). 

This was due to the uniform seeding technique and thinning out exercise carried out for 

maintaining interplant spacing. Previous studies by Tahir et al. (2009) reported non-

significant effect of Zn application on plant establishment due to gap filling and thinning 

exercise in maize crop. Number of cobs per plant and number of grain rows per cob were 
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Table:4.36. Influence of exogenous zinc application methods on biological yield (kg ha-1) 
of maize. 

Zinc Application 

Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK=Control (No zinc 
application) 

17.96 n 18.57 k 18.26 G 15.54 l 16.72 i 16.13 G 

SP1 = Seed priming 
(1.0% ZnSO4) 

18.14 m 19.47 g 18.80 F 15.92 k 17.28 g 16.60 F 

SP2 = Seed priming 
(2.0% ZnSO4) 

18.52 k 19.02 i 18.77 F 16.38 j 17.04 gh 16.71 EF 

F1 = Foliar application 
(1.0% ZnSO4) 

18.30 l 19.76 f 19.03 E 16.03 k 17.63 f 16.83 E 

F2 = Foliar application 
(2.0% ZnSO4) 

19.31 h 20.42 d 19.86 C 17.59 f 18.16 d 17.87 C 

SP1 + F1 18.84 j 20.09 e 19.46 D 16.82 hi 17.91 e 17.36 D 

SP1 + F2 19.65 f 20.84 b 20.24 B 18.06 de 18.86 b 18.46 B 

SP2 + F1 19.03 i 20.59 c 19.81 C 17.14 g 18.49 c 17.81 C 

SP2 + F2 20.14 e 21.08 a 20.61 A 18.62 bc 19.12 a 18.87 A 

Mean 18.87 B 19.98 A  16.90 B 17.91 A  

LSD at P 0.05 Treatment: 0.084, Hybrid: 0.024, 
Interaction: 0.135 

Treatment: 0.154, Hybrid: 0.044, 
Interaction: 0.248 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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Table:4.37. Influence of exogenous zinc application methods on harvest index (%) of 
maize. 

Zinc Application 

Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK=Control (No zinc 
application) 

31.20    32.363    31.78 D 33.33 f 35.10 de 34.22 C 

SP1 = Seed priming 
(1.0% ZnSO4) 

31.79     32.99    32.39 CD 33.85 f 36.28 bc 35.07 AB

SP2 = Seed priming 
(2.0% ZnSO4) 

32.36    33.05    32.70 B-D 34.25 ef 35.79 cd 35.02  B 

F1 = Foliar application 
(1.0% ZnSO4) 

32.13    33.42   32.77 A-D 34.18 ef 
36.36 a-

c 
35.27 AB

F2 = Foliar application 
(2.0% ZnSO4) 

32.66    33.77   33.21 A-C 34.22 ef 36.84 ab 35.53 AB

SP1 + F1 32.45    33.40   32.92  A-C 34.01 f 
36.68 a-

c 
35.34 AB

SP1 + F2 32.77    34.51   33.64 AB 34.10 f 36.90 ab 35.50 AB

SP2 + F1 32.68    34.54   33.61 AB 34.30 ef 36.88 ab 35.59 AB

SP2 + F2 32.72    34.85   33.78 A 34.05 f 37.29 a 35.67 A 

Mean 32.30 B 33.65 A  34.03 B 36.46 A  

LSD at P 0.05 Treatment: 1.03, Hybrid: 0.29, 
Interaction: NS 

Treatment: 0.60, Hybrid: 0.17, 
Interaction: 0.97 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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also non significant (Tables 4.28, 4.31). Number of cobs per plant and number of grain rows 

per cob are basically genetic factor and not influenced by crop nutrition (Hythum and Naseer, 

2012). Tahir et al. (2009) also, reported non-significant effect of foliar Zn application on 

number of cobs per plant and number of grain rows per cob of maize due to the genetic 

makeup of hybrid. On the other hand, contradictory results were reported by Ali et al. (2008), 

who reported that nutrient seed priming increased the number of cobs per plant as compare to 

the control treatment due to enhancing role of Zn application on nitrogen uptake and proper 

utility of the photosynthetic metabolism (Aravind and Parsad, 2004; Wang and Jin, 2005). 

 Promotive effect of different Zn treatments on cob length, cob diameter, number of 

grains per cob and 1000-grain weight was observed by either method of Zn application 

(Tables 4.29, 4.30, 4.33, 4.34). Maximum increase in cob length, cob diameter, number of 

grains per cob and 1000-grain weight in response to combined application of Zn as seed 

priming (2%) and foliar spray (2%) might be due to the better development and growth of 

cob (length and diameter) with higher Zn concentration and increase in the nutrient uptake. 

Positive effect on the uptake of nitrogen during the milking and grain formation stage has 

also been found with the early stage Zn application (Grzebisz et al., 2008). Similarly, 

Ilangovan and Palaniappan (1987) reported that application of Zn significantly increased 

NPK uptake, which ultimately boosted the growth of plant. Ram et al. (1995) reported that 

the beneficial effect of Zn on nitrogen uptake attributed to the synergistic effect between 

these nutrients and continuous and enhanced nitrogen supply during the crop growth period. 

Similarly, Mudenoor (2002) reported that application of Zn showed significantly higher 

shoot and root N content and uptake. Similarly, Potarzycki and Grzebisz (2009) reported 

Zn application as a positive factor for the maximum productivity of nitrogen fertilizer. 

The lower effectiveness of sole seed priming with Zn for increasing yield and yield 

contributing might be due to lower level of Zn in shoot which affect the photosynthesis 

process (Shrotri et al., 1981; Seethambaram and Das, 1985). Similarly in undersupplied 

Zn plants showed reduction in the activity of Hill reaction due to the reduced content of 

chlorophyll which resulted in reduced net photosynthesis (Sharma et al., 1992) and 

alterations in the makeup of the chloroplast (Brown et al., 1993). Maximum increase in 

the yield component with combined application of Zn as seed priming (2%) and foliar spray 
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(2%) was the maximum availability of Zn at early stage due to the priming of seed with 

higher concentration of Zn, which accelerated the growth of plant and enhanced the uptake of 

other nutrients at early crop growth stages. Seed priming with Zn resulted in early seedling 

growth (Arif et al., 2005 and Ali et al., 2007). After that foliar spray of Zn with 2% 

concentration increased the Zn content in plant, which accelerates the process of cell division 

by auxin production (Brown et al., 1993) results in cob elongation and more number of 

grains in a row. Similarly, higher Z contents in leaves play an important role in synthesis of 

carbonic anhydrase (Broadley et al., 2007). More number of seeds per cob and 1000-grain 

weight might be attributed carbohydrates production by the appropriate Zn application. 

Guliev et al. (1992) reported that maize plant with well supplied Zn showed the higher 

activity of carbohydrate anhydrase activity in leaves prolongs the period of 

photosynthesis, which in turn improves the grain weight by improving grain sink capacity 

for carbohydrates (Rajcan and Tollenaar, 1999; Pommel et al., 2006). 

Differential response of hybrid to Zn application might be due to their genetic 

makeup, different physiological performance and time taken for maturity because late 

maturing performs better than early maturing hybrid (Otegui et al., 1995; Thomason et al., 

2006). This was due to more number of days for assimilating synthesis and transportation to 

the growing ears. Variation in response to the Zn by different varieties of maize and other 

crops has been reported (Cakmak et al., 1999; Fageria, 2001). Genotypic variation in Zn 

response of maize and use efficiency has also been reported in many previous studies 

(Bänziger and Long, 2000; Oikeh et al., 2003). Similarly, Ragheb and Rassy (1989) reported 

that hybrids generally differ from each other in grain yield, which is mostly due to genetic 

factors and the different physiological performance. 

These results are in line with the findings of Yilmaz et al. (1999) who reported 

increased in productive tillers, grain number per spike and 1000-grain weight with alone and 

combined application of Zn as seed treatment and foliage spray. Harris et al. (2007) showed 

increased in 1000-grain weight and number of grains per cob with seed priming of Zn against 

the control treatment in wheat crop. These results were also in the conformation to the 

finding of Potarzycki and Grzebisz (2009), who reported that the cob length, number of 

kernels per row, number of kernels per cob and 1000-grain weight increases with increase in 

the Zn concentration as foliar application. Similarly, Rahman, et al. (2008) reported increase 
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in the panicle length of rice with increase in foliar Zn fertilization rate. Tahir et al. (2009) 

stated significant increase in cob length, cob diameter, number of grains per cob and 100-

grain weight with foliar spray of Zn over the control treatment. Safyan et al. (2012) showed 

the similar results of foliar application of Zn regarding cob diameter and 1000-grain weight. 

Ziaeyana and Rajaie (2009) showed the significant increase in 1000-grain weight with the 

foliar application of Zn against the control treatment in maize. 

As a result of improved yield contributing parameters, grain yield of maize was 

improved significantly by different Zn application treatments as compared to the control 

treatments (Table. 4.35). More grain yield was recorded in those plots where combined Zn 

was applied as seed priming and foliage spray. This enhancement in the grain yield of maize 

was due to increase in cob length, more number of grain rows per cob, more grains per cob 

and 1000-grain weight. Higher yield due to Zn  fertilization is also attributed  to its 

involvement  in many metallic  enzyme system, regulatory functions and auxin production 

(Sachdev et al.,1988), enhanced synthesis of carbohydrates and their transport to the site of 

grain production (Pedda Babu  et al.,  2007). Similarly, the biological yield was also 

increased with different Zn application treatments (Table. 4.36). Increased in the biological 

yield might be due to increase in weight of stem and leaves of corn (Fageria et al., 2006) and 

better nutrition at early seedling growth of the plant as a result of Zn application as reported 

by Zhang et al. (1998). Similarly, Trehan and Sharma (2000) reported that using Zn 

increased the dry matter production in maize. These results are the conformation with the 

findings of Cakmak et al. (1999) who reported 160% increase in the grain yield of wheat as 

seed treatment and 233% increase as combined application of Zn as seed and foliage 

application against control treatment in wheat crop. Similar results were also reported by 

Yilmaz et al. (1997) who observed 204% and 268% increase in the grain yield and 79% and 

83% increased in the biological yield respectively, by application of Zn as alone seed 

treatment and combined application as seed treatment and foliar spray in wheat crop. 

Similarly, Harris et al. (2007) reported increase in the grain and biological yield from 2.97 t 

ha-1 to 3.78 t ha-1 and 10.11 t ha-1 to 13.50 t ha-1, respectively against the control treatment. In 

earlier study by Ziaeyana and Rajaie (2009) and Tahir et al. (2009) showed that foliar 

application of Zn increased the grain and biological yield as compared to the control 

treatment. Afzal et al. (2013) indicates increased in the biological and grain yield of maize 
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with Zn seed priming from 13.21 t ha-1 - 16.69 t ha-1 and 3.51 t ha-1 – 5.35 t ha-1, respectively. 

Maize grain yield was increased up to 36% and 30% by the application of Zn as seed priming 

and foliar spray respectively, against the control treatment (Marwat et al., 2007). Similarly, 

Arif et al. (2007) showed a significant increase in the biological and grain yield of chickpea 

and wheat as result of seed priming with Zn over the control treatment. 

Harvest index is an indicator of dry matter partitioning towards the reproductive 

organs. Improvement in harvest index by different Zn application methods indicates better 

dry matter partitioning (Table. 4.37). It was found that this increase in harvest index was due 

to the more increased in the grain yield as compared to the biological yield of crop. It was 

found that this increase in yield was result of improved yield component. These results are in 

line with the finding of Afzal et al. (2013), who reported increased in the harvest index of 

maize with seed priming (1.5% ZnSO4) from 26.57% to 34.33%. Similarly, Ghafari et al. 

(2001) and Sajedi et al. (2009) exhibited increase in the harvest index of maize due to foliar 

application against the control treatments due to the improved plant growth. It was concluded 

from the findings of experiment that the late maturing maize hybrid with combined 

application of Zn as seed priming (2%) and foliar spray (2%) improves the yield component 

and finally more crop yield. 

4.2.2. Phenological parameters 

4.2.2.1. Degree days taken from sowing to tasseling 

 Data regarding the degree days taken from sowing to tasseling is presented in the 

Table. 4.39. Data showed that only main effects of hybrids and Zn application methods were 

significant during both years of study. 

Zn application by either method significantly affected degree days taken for tasseling 

during both experimental years. Maximum degree days taken for tasseling were recorded in 

combined application of Zn as seed priming (2%) and foliar spray (2%) with similar results 

by combined application of Zn as seed priming (2%) and foliar spray (1%), seed priming 

(1%) and foliar spray (2%) and sole application of Zn as foliar spray (2%). These results 

were followed by the combined application of Zn as seed priming (1%) and foliar spray 

(1%). Effect of hybrid on degree days to tasseling was found highly significant with similar 

trend in both years; maize hybrid Pioneer 30-Y-87 took more degree days to tasseling than 

hybrid DK-919. 
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4.2.2.2. Degree days taken from tasseling to silking 

 Data regarding degree days taken from tasseling to silking is presented in the Table 

4.40. Data revealed that Zn application methods and maize hybrids did not affect degree days 

taken from tasseling to silking during both years of experimentation. 

4.2.2.3. Degree days taken from silking to maturity 

 Data regarding the degree days taken from silking to maturity is presented in the 

Table. 4.41. The data showed that only hybrids differed significantly for degree days taken 

from silking to maturity during both years of experimentation. Maize hybrid DK-919 took 

more degree days from silking to maturity than hybrid Pioneer 30-Y-87 durig both years of 

study. 

4.2.2.4. Discussion 

 Degree days taken for tasseling, silking and maturity are important phenological 

indicator of growth and development in maize crop. Zinc application significantly delayed 

the degree days taken from sowing to tasseling (Table 4.39). However, Zn application did not 

affect the degree days taken from tasseling to silking and silking to maturity (Tables 4.40, 

4.41). Maize hybrids differed significantly in maturity period. 

The increase in the degree days taken for sowing to tasseling might be due to the 

effect of early stage Zn application on the uptake of nitrogen (Grzebisz et al., 2008). The 

probable reason could be that nitrogen enhanced vegetative growth, which delayed 

reproductive stage. Similarly, Ilangovan and Palaniappan, (1987) reported that application of 

Zn significantly increased NPK uptake. Also, Ram et al. (1995) reported that the beneficial 

effect of N and Zn could be attributed to the synergistic effect between these nutrients which 

results in continuous and enhanced nitrogen supply. Delayed in the days taken for tasseling 

by increased uptake of nitrogen had been reported by (Gungula et al., 2003; Akbar et al., 

2002; Masood et al., 2003). On the other hand contradictory results regarding days to 

tasseling were reported by Rafiq et al. (2010) in maize crop with the application of Zn. 

However, degree days taken from tasseling to silking and silking to maturity did not 

influenced by Zn application. It seems that hybrid maize required standard degree heat unit to 

complete its phenological stages. These results are in line with the findings of Nawab et al. 

(2011), they reported that the Zn application did not affected days to anthesis and maturity  
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Table. 4.38. Analysis of Variance Table for Influence of exogenous zinc application methods on the phonological parameters   

S.OV. = Source of Variation, D.F. = Degree of Freedom, M.S.S. = Mean Sum of Squares  
* = Significant at P < 0.05, ** = Significant at P < 0.01, ns = Non-significant 

  

S.O.V D.F. 

M.S.S 

Degree days taken from 
sowin to tasseling 

Degree days taken from 
tasseling to silking 

Degree days takenfrom 
silkin to maturity 

2009 2010 2009 2010 2009 2010 

Replication 2 330 207 33 10 117 610 

Zinc application methods (Z) 8 3020** 2042** 50ns 68ns 1757ns 843ns 

Hybrids (H) 1 719046** 388070** 462ns 249ns 364943** 162416** 

Z × H 8 171ns 110ns 72ns 35ns 335ns 90ns 

Error 34 346 300 177 110 629 310 

Total 53       
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Table:4.39. Influence of exogenous zinc application methods on dgree days taken from 
sowing to tassling of maize. 

Zinc Application 

Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK=Control (No zinc 
application) 

1008.9 1242.7 1125.8 D 1000.5 1171.4 1085.9 C 

SP1 = Seed priming 
(1.0% ZnSO4) 

1024.1 1249.8 1137.0 D 1006.3 1164.9 1085.6 C 

SP2 = Seed priming 
(2.0% ZnSO4) 

1024.1 1257.7 1140.9 CD 1017.8 1185 1101.4 BC 

F1 = Foliar application 
(1.0% ZnSO4) 

1031.8 1257.7 1144.8 B-D 1012 1185 1098.5 BC 

F2 = Foliar application 
(2.0% ZnSO4) 

1071.1 1279.5 1175.3 A-C 1040.5 1211.9 1126.2 AB 

SP1 + F1 1031.8 1264.8 1148.3 B-D 1017.8 1185 1101.4 BC 

SP1 + F2 1039.6 1279.8 1159.7 A-D 1041.6 1198.4 1120.0 AB 

SP2 + F1 1055.2 1301.8 1178.5AB 1029.2 1205.2 1117.2 A-C

SP2 + F2 1079.1 1309 1194.0 A 1047.2 1232 1139.6 A 

Mean 1040.6 B 1271.4 A  1023.6 B 1193.2 A  

LSD at P 0.05 Treatment: 35.54, Hybrid: 10.28, 
Interaction: NS 

Treatment: 33.06, Hybrid: 9.56, 
Interaction: NS 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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Table:4.40. Influence of exogenous zinc application methods on degree days taken from 
tasseling to silking of maize. 

Zinc Application 

Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK=Control (No zinc 
application) 

62.17 59.08 60.62 40.00 47.33 43.66 

SP1 = Seed priming 
(1.0% ZnSO4) 

55.00 59.50 57.25 46.58 60.42 53.50 

SP2 = Seed priming 
(2.0% ZnSO4) 

63.17 58.92 61.04 48.00 53.83 50.91 

F1 = Foliar application 
(1.0% ZnSO4) 

63.50 51.33 57.41 47.67 53.58 50.62 

F2 = Foliar application 
(2.0% ZnSO4) 

64.58 51.92 58.25 51.33 54.08 52.70 

SP1 + F1 55.25 59.33 57.29 54.75 53.58 54.16 

SP1 + F2 63.75 59.08 61.41 50.25 53.67 51.95 

SP2 + F1 72.42 60.00 66.20 56.50 53.75 55.12 

SP2 + F2 64.75 52.75 58.75 51.50 55.00 53.25 

Mean 62.73 56.88  49.62 53.91  

LSD at P 0.05 Treatment: NS, Hybrid: NS, Interaction: 
NS 

Treatment: NS, Hybrid: NS, 
Interaction: NS 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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Table:4.41. Influence of exogenous zinc application methods on degree days taken from 
silking to maturity of maize. 

Zinc Application 

                                              Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK=Control (No zinc 
application) 

994.67 819.83 907.25 982.58 865.00 923.79 

SP1 = Seed priming 
(1.0% ZnSO4) 

995.33 824.42 909.88 979.83 867.17 923.50 

SP2 = Seed priming 
(2.0% ZnSO4) 

989.83 810.67 900.25 963.58 853.08 908.33 

F1 = Foliar application 
(1.0%     ZnSO4) 

963.58 818.17 890.88 966.58 865.25 915.92 

F2 = Foliar application 
(2.0% ZnSO4) 

942.00 805.5 873.75 950.50 841.00 895.75 

SP1 + F1 981.92 806.25 894.08 960.17 856.33 908.25 

SP1 + F2 982.67 807.92 895.29 956.75 854.92 905.83 

SP2 + F1 944.33 779.67 862.00 950.17 844.83 897.50 

SP2 + F2 947.50 789.67 868.58 952.75 828.17 890.46 

Mean 971.31 A 806.90 B  962.55 A 852.86 B  

LSD at P 0.05 Treatment: NS, Hybrid: 13.85, 
Interaction: NS 

Treatment: NS, Hybrid: 9.72, 
Interaction: NS 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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because the rate of development which determine these phenological parameters depend 

upon photoperiod and temperature. 

 Differences among the hybrids for degree days to maturity might be due to the genetic 

makeup of the cultivars. The more growing degree day’s maturity in hybrid Pioneer 30-Y-87  

showed that this hybrid required more heat units as compared to the hybrid DK-919. These 

results are in agreement with Younas et al. (2002) and Masood et al. (2003) who reported 

variation in maturity period among different hybrids due to their genetic makeup. 

4.2.3. Allometry and growth parameters 

4.2.3.1. Plant height at maturity (cm) 

Plant height at maturity is a key function of the genetic, nutritional and environmental 

factors. Different methods of Zn application significantly affected the plant height during 

both experimental years (Table 4.43). Interaction of maize hybrids and Zn application 

methods were non-significant during 2009 while, significant during year 2010. Maize 

hybrids and Zn application methods differed significantly during both experimental years. 

Maize hybrid Pioneer 30-Y-87 had more plant height than hybrid DK-919 during year 

2009. Among different Zn application methods, maximum plant height was recorded from 

combined application of Zn as seed priming (2%) and foliar spray (2%), which was 

statistically similar to combined Zn application as seed priming (1%) and foliar spray (2%). 

Theses results were followed by sole application of Zn as foliar spray (2%). During 

experimental year 2010, all Zn application treatments significantly improved plant height. In 

this regard maximum plant height was recorded in hybrid Pioneer 30-Y-87 with combined 

application of Zn as seed priming (2%) and foliar spray (2%), which was statistically similar 

to the combined application of Zn as seed priming (1%) and foliar spray (2%) in same 

hybrid. These results were followed by combined application of Zn as seed priming (2%) and 

foliar spray (1%) in hybrid Pioneer 30-Y-87. 

4.2.3.2. Stem diameter (cm) 

 It was observed from (Table 4.44), all Zn application treatments significantly improved 

stem diameter and Pioneer 3-Y-87 produced maximum stem diameter with combined 

application of Zn as seed priming (2%) and foliar spray (2%) during both years. However, 

these results were at par with same Zn treatment in maize hybrid DK-919 and combined 

application of Zn as seed priming (1%) and foliar spray (2%) during both years. These results 
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were followed by combined application of Zn as seed priming (2%) and foliar spray (1%) 

and combined application of Zn as seed priming (1%) and foliar spray (1%) in maize hybrid 

Pioneer 30-Y87, respectively during the year 2009 and 2010. Minimum stem diameter was 

recorded in maize hybrid DK-919 with no Zn application during both experimental years. 

4.2.3.3. Leaf area index (LAI) 

 Ratio of total leaf area to ground cover is termed as leaf area index. Leaf area index of 

crop at particular growth stage indicates its photosynthetic potential or the level of its dry 

matter accumulation. More the leaf area index, higher will be the dry matter accumulation of 

the crop and vice versa. Periodic data regarding leaf area index are presented in Fig. 4.5 

which showed that the effect of Zn application, hybrids and their interaction on leaf area 

index was significant during both experimental years. 

 Leaf area index steadily increased up to 60 days after sowing (DAS) in all the 

treatments. Thereafter, leaf area index gradually decreased up to harvest of crop. It was found 

that hybrid Pioneer 30-Y-87 had more leaf area index than the hybrid DK-919 during both 

years of experimentation. Zn application treatments significantly enhanced the leaf area 

index during both years of study. Maximum leaf area index was recorded in combined 

application of Zn as seed priming (2%) and foliar spray (2%), followed by the other Zn 

treatments of combined application. Lowest leaf area index was recorded in the treatment 

where no Zn was applied. 

 Table. 4.42. Analysis of Variance Table for influence of exogenous zinc application 
methods on the allometery parameters 

S.OV. = Source of Variation, D.F. = Degree of Freedom, M.S.S. = Mean Sum of Squares  
* = Significant at P < 0.05, ** = Significant at P < 0.01, ns = Non-significant 

S.O.V D.F. 

M.S.S 

Plant height at maturity  Stem diameter  

2009 2010 2009 2010 

Replication 2 24.75 12.85 0.00 0.00 

Zinc application methods (Z) 8 1103.12 ** 1354.81 ** 0.07 ** 0.09 ** 

Hybrids (H) 1 9982.40 ** 715.04 ** 0.01 ** 0.02 ** 

Z × H 8 9.57 ns 51.97 * 0.00 ** 0.00 ** 

Error 34 10.43 17.05 0.00 0.00 

Total 53     
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Table:4.43. Influence of exogenous zinc application methods on plant height (cm) of 
maize. 

Zinc Application 

Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK=Control (No zinc 
application) 

180.3 211.1 195.7 G 175.2 k 178.5 jk 176.5 H 

SP1 = Seed priming 
(1.0% ZnSO4) 

196.1 223.8 209.9 F 181.7 i-k 184.3 h-k 183.0 GH 

SP2 = Seed priming 
(2.0% ZnSO4) 

201.9 229.2 215.5 EF 185.8 h-k 189.1 g-j 187.4 FG 

F1 = Foliar application 
(1.0% ZnSO4) 

206.1 234.7 220.4 DE 192.3 f-i 194.8 f-h 193.5 EF 

F2 = Foliar application 
(2.0% ZnSO4) 

218.7 242.9 230.8 B 204.7 c-f 207.8 c-e 206.2 CD 

SP1 + F1 210.6 237.7 224.1 CD 196.4 e-h 202.4 d-f 199.4 DE 

SP1 + F2 222.4 246.7 234.5 AB 208.9 c-e 221.6 ab 215.2 AB 

SP2 + F1 213.8 244.2 229.0 BC 199.6 e-g 215.3 bc 207.4 BC 

SP2 + F2 227.2 251.5 239.3 A 213.4 b-d 229.7 a 221.5 A 

Mean 208.5 B 235.7 A  195.3 B 202.6A  

LSD at P 0.05 Treatment: 6.16, Hybrid: 1.78, 
Interaction: NS 

Treatment: 7.88, Hybrid: 2.28, 
Interaction: 12.68 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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Table:4.44. Influence of exogenous zinc application methods on stem diameter (cm) of 
maize. 

Zinc Application 

Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK=Control (No zinc 
application) 

1.39 l 1.41 kl 1.40 F 1.31 i 1.34 i 1.32 E 

SP1 = Seed priming 
(1.0% ZnSO4) 

1.45 j-l 1.47 i-k 1.46 E 1.34 i 1.40 g-i 1.37 DE 

SP2 = Seed priming 
(2.0% ZnSO4) 

1.47 i-k 1.52 h-j 1.49 DE 1.39 hi 1.45 f-h 1.42 CD 

F1 = Foliar application 
(1.0% ZnSO4) 

1.50 ij 1.58 f-h 1.54 D 1.45 f-h 1.49 e-g 1.47 C 

F2 = Foliar application 
(2.0% ZnSO4) 

1.60 e-g 1.63 c-f 1.61 C 1.54 c-f 1.63 a-c 1.58 B 

SP1 + F1 1.54 g-i 1.66 c-e 1.60 C 1.48 f-h 1.59 b-d 1.53 B 

SP1 + F2 1.68 b-d 1.69 a-c 1.68 B 1.63 a-c 1.67 ab 1.65 A 

SP2 + F1 1.63 c-f 1.61 d-g 1.62 C 1.58 b-e 1.53 d-f 1.55 B 

SP2 + F2 1.74 ab 1.76 a 1.75 A 1.67 ab 1.71 a 1.69 A 

Mean 1.55 B 1.59 A  1.48 B 1.53 A  

LSD at P 0.05 Treatment: 0.046, Hybrid: 0.013, 
Interaction: 0.075 

Treatment: 0.058, Hybrid: 0.016, 
Interaction: 0.093 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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(a) 

 
(b) 

 
Days after sowing 

CK = No Zn application, SP1 = Seed priming (1.0% Zn), SP2 = Seed priming (1.0% Zn), 
F1 = Foliar application (1.0% Zn),F2 = Foliar application (2.0% Zn) 
Fig. 4.5. Influence of exogenous zinc application methods on leaf area index (LAI) of maize. 
(a) = 2009, (b) = 2010  
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4.2.3.4. Leaf area duration (LAD) 

Total duration of photosynthetically active leaves usually express in days is known as 

leaf area duration of crop. Total dry matter production of a crop is generally determined by 

the degree of leaf area duration and net assimilation rate. Effect of different Zn application 

treatments, hybrids and their interaction on leaf area duration was significant during both 

years of experimentation (Fif. 4.6). 

During both years of experimentation, all Zn application treatments significantly 

improved the leaf area duration of crop. Maximum leaf area duration was recorded in 

combined application of Zn as seed priming (2%) and foliar spray (2%) in hybrid Pioneer 30-

Y-87 during both years of experimentation, followed by the sole application of Zn as foliar 

spray (2%) during 2009 in hybrid Pioneer 30-Y-87 and combined application of Zn as seed 

priming (2%) and foliar spray (2%) in hybrid DK-919 during year 2010. Minimum leaf area 

duration of was recorded in hybrid DK-919 with no Zn application during both experimental 

years. 

4.2.3.5. Crop growth rate (g m-2 d-1) 

Crop growth rate expresses the rate of dry matter accumulation. Data regarding crop 

growth rate starting from 30 DAS to 105 DAS given in Fig. 4.7, showed that a significant 

differences was present among the maize hybrids and Zn application treatments during both 

years of experimentation. 

As regards to maize hybrids, more crop growth rate was recorded in hybrid Pioneer 30-

Y-87 than the hybrid DK-919 during both experimental years. Amongst different Zn 

application treatments maximum crop growth rate was recorded in combined application of 

Zn as seed priming (2%) and foliar spray (2%). Lowest crop growth rate was recorded in 

control treatments with no Zn application during both years of experimentation. 

4.2.3.6. Net assimilation rate (g m-2 d-1) 

Average net assimilation rate of any crop represents its photosynthetic activity per unit of 

leaf area duration (Hunt, 1978). Fig. 4.8 represents the net assimilation rate (NAR) during 

growth period of crop. Effect of different Zn application treatments, hybrids and their 

interactions was significant during both years of experimentation. 

All Zn application treatments significantly improved the net assimilation rate. Maximum 

net assimilation rate was recorded in hybrid Pioneer 30-Y-87 with combined of Zn 
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application as seed priming (2%) and foliage spray (2%) during both years of study, with 

similar results in  

(a) 

 
(b) 

 
CK = No Zn application, SP1 = Seed priming (1.0% Zn), SP2 = Seed priming (1.0% Zn), 
F1 = Foliar application (1.0% Zn), F2 = Foliar application (2.0% Zn) 
 
Fig. 4.6. Influence of exogenous zinc application methods on leaf area duration (LAD) of 
maize. (a) = 2009, (b) = 2010  
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(a) 

 
(b) 

 
Days after sowing 

 
CK = No Zn application, SP1 = Seed priming (1.0% Zn), SP2 = Seed priming (1.0% Zn), 
F1 = Foliar application (1.0% Zn), F2 = Foliar application (2.0% Zn) 
 
Fig. 4.7. Influence of exogenous zinc application methods on crop growth rate (CGR) of 
maize. = 2009, (b) = 2010  
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(a) 

 
(b) 

 
CK = No Zn application, SP1 = Seed priming (1.0% Zn), SP2 = Seed priming (1.0% Zn), 
F1 = Foliar application (1.0% Zn), F2 = Foliar application (2.0% Zn) 
 
Fig. 4.8. Influence of exogenous zinc application methods on net assimilation rate (NAR) of 
maize. (a) = 2009, (b) = 2010  
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combined application of Zn as seed priming (1%) and foliar spray (2%) during the year 2010 

in hybrid Pioneer 30-Y-87. These were followed by combined application of Zn as seed 

priming (1%) and foliar spray (2%) in hybrid Pioneer 30-Y-87 during year 2009 and 

combined application of Zn as seed priming (2%) and foliar spray (2%) in hybrid DK-919 

during year 2010. Lowest net assimilation rate was recorded in hybrid DK-919 with no Zn 

application during both years. 

4.2.3.7. Discussion  

 Plant height and stem diameter are important morphological traits and dependent 

upon combined effects of genetic makeup of plant, soil nutrient status, seed vigor and 

environmental conditions under which the plant is grown. 

 Combined Zn application as seed priming and foliage spray significantly gave the 

maximum plant height and stem diameter (Tables 4.43-4.44). Maximum increase in plant 

height and stem diameter in response to combined application of Zn as seed priming (2%) 

and foliar spray (2%) might be with higher Zn concentration and increase in the nutrient 

uptake. This increase might be attributed to the vigorous early seedling growth due to the 

seed priming with Zn solution (Arif et al., 2005; Ali et al., 2007) and foliar application of Zn 

that increased the chlorophyll concentration in leaves and production of hormones such as 

gibberellic acid (Suge et al., 1986), indole acetic acid (Cakmak et al., 1989), which have 

important role in cell division, which in turn, lead to increase in plant height and stem 

diameter. Also zinc, increased plant height via increasing internodes distances (Kaya and 

Heggs, 2002). Similarly, Badshah and Ayub (2013) and El-Badawy and Mehasen, (2011) 

showed significant increased in plant height and stem diameter with the foliar application of 

Zn. Yosefi et al. (2011) and Piri (2012) reported significant increase in plant height and non 

significant effect on stem diameter with the foliar application of Zn. Contradictory results 

regarding both above mention parameters in wheat crop was reported by Zoz et al. (2012).  

Difference between the hybrids was due to the genetic character. Previous studies by 

Gozubenli et al. (2001) showed that there was genetypic difference in plant height among 

maize hybrids. Similarly Hamidi et al. (2000) reported that different maize hybrids had 

different stem diameter. 

 All the growth parameters of maize were significantly improved by employing Zn 

application (Figures 4.5-4.8). Combined application of Zn as seed priming (2%) and foliage 
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spray (2%) enhanced the growth of maize significantly. The reason of increase in LAI was 

increase in length and width of leaves which could be because of Zn effect on cell dividing 

via auxin increasing. Similarly Zn foliar application increases tryptophan amino acid and 

indole acetic acid hormone which were the two main factors in leaf area expansion and 

results in more LAI and LAD (SeifiNadergholi et al., 2011). Greater crop growth and net 

assimilation rate values might be attributed to significant increase in leaf expansion due to 

good germination and growth of plants as affected by seed priming with Zn and foliage spray 

at early growth stages of crop which finally increased the dry matter of plant. In earlier 

studies by Afzal et al. (2013) reported that the leaf area index (LAI), leaf area duration 

(LAD), crop growth rate (CGR) and net assimilation rate (NAR) was increased in maize by 

seed priming with Zn solution. Similarly, Kaiser et al. (2005) pointed that crop growth rate 

(CGR) was the highest by the seed priming with Zn solution. Similar results were showed by 

Heidarian et al. (2011) in soybean regarding leaf area index (LAI), leaf area duration (LAD), 

crop growth rate (CGR) and net assimilation rate (NAR) with foliar application of Zn against 

control treatment. Safyan et al. (2012) reported increased in the plant height and leaf area 

index (LAI) of maize crop with foliar applied Zn. 

 Difference in growth parameters (LAI, LAD, CGR and NAR) between the maize 

hybrids might be due to the difference in the number of leaves per plant and other genetic 

characters. Similar results have been reported by Guiducci and Marroni (1992) and Otegui et 

al. (1995) in maize crop due to the genetic difference. 

4.2.4. Quality parameters 

4.2.4.1. Grain protein content (%) 

Grain protein content is one of the important quality parameter. Analysis of variance 

table showed that varying the Zn application method and concentration significantly 

decreased protein content of maize grain (Table 4.46). Interaction of maize hybrids and Zn 

application methods were significant during the year 2009 while non significant during the 

year 2010. 

During the experimental year 2009 the interactions of Zn application methods and 

maize hybrids were significant and maximum grain protein contents were recorded in maize 

hybrid DK-911 with control treatment. These results were followed by the application Zn as 

seed priming (1.0%) and foliar spray (1.0%) in same hybrid. During the experimental year 
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2010 only the main effect of Zn application methods and hybrids were significant and maize 

grains with better protein were obtained in plots with control treatment with similar results in 

sole application of Zn as seed priming (1.0%), foliar spray (1.0%) and combined application 

of Zn as seed priming (1.0%) and foliar spray (1.0%). These results were followed by the 

sole application of Zn as seed priming (2.0%). Maize hybrid DK-919 gave more protein 

contents than the hybrid Pioneer 30-Y-87.  

4.2.4.2. Grain zinc content (mg kg-1) 

 A significant effect of different rates of Zn application was observed for grain Zn 

concentration in maize hybrids (Table 2.47). It was found that the combined Zn treatment of 

seed priming (2%) and foliage spray (2%) gave the maximum grain Zn content during both 

years, followed by sole Zn application as foliage spray (2%) in maize hybrid DK-919. 

Minimum Zn concentration was recorded in control treatment in hybrid Pioneer 30-Y-87 

where no Zn was applied during both years. 

4.2.4.3. Discussion 

Zinc application significantly increased the yield of maize hybrids but this was 

accompanied by a decrease in grain protein contents (Table 4.46). It might be due to growth 

dilution factor and with vigorous growth and more grain yield; concentration of different 

nutrients tends to be diluted in maize grain with increase in grain yield (Ortiz-Monasterio et 

al., 2007). Similarly, Duvick (1997) reported linear decrease in grain protein percent as grain 

yield increased. As concentration of applied nitrogen was same to all treatments, so less 

concentration would be available for grains after a vigorous growth of plant. A decreased 

availability of nitrogen thus resulted in reduced protein contents in maize grain. 

Contradictory results were reported by Safyan et al. (2012), Tahir et al. (2009) and Khattak 

et al. (2006) with the application of Zn. However, Galavi et al. (2011) reported non-

significant effect of Zn application in protein contents of wheat grain. 

Relatively greater Zn accumulation in maize grains is vital for human nutrition. Zinc 

application significantly improved the maize grain Zn concentration (Table 4.47). Increase in 

grain Zn accumulation of maize plants by combined Zn application as seed priming and 

foliar spray may be attributed to rapidity with which they can potentially deliver and 

recovered the nutrients. Highest 60% - 90% recovery of foliar applied Zn was noted in bean 

(Bukovac and Wittwer, 1957; Reed, 1983). In earlier studies, Yilmaz et al. (1997) and 

Cakmak et al. (1999) showed  
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Table. 4.45. Analysis of Variance Table for influence of exogenous zinc application methods on the grain protein, Zn content 
and Zn efficiency rates 

S.OV. = Source of Variation, D.F. = Degree of Freedom, M.S.S. = Mean Sum of Squares  
* = Significant at P < 0.05, ** = Significant at P < 0.01, ns = Non-significant 
  

S.O.V D.F. 

M.S.S 

Grain protein 
content  

Grain zinc content  Zn use efficiency 
Apparent zinc 

efficiency 

2009 2010 2009 2010 2009 2010 2009 2010 

Replication 2 0.00 0.06 1.04 1.02 14328.1 8223 0.0086 0.0042 

Zinc application methods 
(Z) 

8 0.92 ** 1.00 ** 46.24 ** 39.25** 98372.3** 109221** 0.3747** 0.2578** 

Hybrids (H) 1 0.70 ** 0.10 ns 15.20 ** 100.86** 73040.7** 17821* 0.01127* 0.0035* 

Z × H 8 0.06 ** 0.06 ns 3.14** 2.90** 27155.3** 21634** 0.0283** 0.0130** 

Error 34 0.00 0.06 0.00 0.00 4682.0 3979 0.00187 0.00074 

Total 53       
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Table:4.46. Influence of exogenous zinc application methods on grain protein content 
(%) of maize. 

Zinc Application 

Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK=Control (No zinc 
application) 

11.16 a 10.95 bc 11.05 A 11.31 11.26 11.28 A 

SP1 = Seed priming 
(1.0% ZnSO4) 

10.76 d 10.50 f 10.63 C 10.87 10.76 10.81 A-C 

SP2 = Seed priming 
(2.0% ZnSO4) 

10.45 fg 10.37 g 10.41 D 10.71 10.47 10.59 BC 

F1 = Foliar application 
(1.0% ZnSO4) 

10.90 c 10.81 d 10.85 B 11.14 10.89 11.01 AB 

F2 = Foliar application 
(2.0% ZnSO4) 

10.28 h 10.06 j 10.17 F 10.45 10.31 10.38 CD 

SP1 + F1 11.03 b 10.65 e 10.84 B 11.02 11.08 11.05 AB 

SP1 + F2 10.14 ij 10.22 hi 10.18 F 10.54 10.17 10.35 CD 

SP2 + F1 10.61 e 9.93 k 10.27 E 10.26 10.62 10.44 CD 

SP2 + F2 10.12 k 10.00 l 10.06 G 10.04 9.98 10.01 D 

Mean 10.58 A 10.36 B  10.70 10.61  

LSD at P 0.05 Treatment: 0.054, Hybrid: 0.015, 
Interaction: 0.088 

Treatment: 0.478, Hybrid: NS, 
Interaction: NS 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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Table:4.47. Influence of exogenous zinc application methods on grain zinc content (mg 
kg-1) of maize. 

Zinc Application 

Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK=Control (No zinc 
application) 

19.92 m 19.85 m 19.88 G 22.78 k 20.11 n 21.44 G 

SP1 = Seed priming 
(1.0% ZnSO4) 

22.08 k 22.96 j 22.52 F 23.96 i 23.08 j 23.52 F 

SP2 = Seed priming 
(2.0% ZnSO4) 

23.11 j 22.03 k 22.57 F 25.07 h 22.26 l 23.66 F 

F1 = Foliar application 
(1.0% ZnSO4) 

25.12 g 21.11 l 23.11 E 27.02 e 21.19 m 24.10 E 

F2 = Foliar application 
(2.0% ZnSO4) 

28.23 b 25.85 f 27.04 B 29.57 b 25.91 fg 27.74 B 

SP1 + F1 24.09 h 23.87 i 23.98 D 26.15 f 24.16 i 25.15 D 

SP1 + F2 27.15 d 26.98 d 27.06 B 28.74 c 26.85 e 27.79 B 

SP2 + F1 26.19 e 24.91 g 25.55 C 27.98 d 25.80 g 26.89 C 

SP2 + F2 29.16 a 27.94 c 28.55 A 30.63 a 27.94 d 29.28 A 

Mean 25.00 A 23.94 B  26.87 A 24.14 B  

LSD at P 0.05 Treatment: 0.136, Hybrid: 0.039, 
Interaction: 0.219 

Treatment: 0.159, Hybrid: 0.046, 
Interaction: 0.256 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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increase in grain Zn concentration in combined application of seed treatment and leaf 

application as compared to the alone application in wheat crop. Similarly, Ziaeyana and 

Rajaie (2009) reported increase in maize grain Zn content with foliar application of Zn 

against the control treatment. Variation in Zn contents within the genotypes of the same 

species may be attributed to their differential Zn requirement and utilization efficiencies. 

Frossard et al. (2000) exhibited wide variation in grain Zn contents among cultivars of same 

species. 

4.2.5. Zinc efficiency rates 
4.2.5.1. Zn use efficiency (kg kg-1) 

  Zn use efficiency (ZnUE) is an important indicator which shows that how efficiently 

plant use nutrient to produce dry matter or economic yield.  Effect of different Zn application 

methods on ZnUE of maize hybrids is presented in Table. 4.48. 

All Zn application methods significantly improved the ZnUE both years. Maximum ZnUE 

was recorded in application of Zn as seed priming (1.0%) in maize hybrid Pioneer 30-Y-87 

during both years. These results were followed by the application of Zn seed priming (2%) in 

maize hybrid DK-919 during both years of experimentations. 

4.2.5.2. Apparent Zn recovery efficiency efficiency in maize grain (%) 
Apparent Zn recovery efficiency is reflection of plant ability to acquire applied Zn. 

Effect of different Zn application methods on apparent Zn recovery efficiency of maize 

hybrids is presented in Table. 4.49. 

Zinc application significantly affectd apparent Zn recovery efficiency dring both 

years of study. Maximum apparent Zn recovery efficiency was recorded in maize hybrid DK-

919 with sole application of Zn as Seed priming (2.0%) during both years of 

experimentation, which was statistically same in maize hybrid DK-919 with sole application 

of Zn as foliar spray (2.0%) and in maize hybrid Pioneer 30-Y-87 with combined application 

of Z as seed priming (2.0%) and foliar spray (2.0%) during year 2009 and  sole application of 

Zn as foliar spray (2.0%) and combined application of Z as seed priming (2.0%) and foliar 

spray (2.0%) in both hbrids during year 2010. These results were followed by combined 

application of Z as seed priming (2.0%) and foliar spray (2.0%) in maize hybrid DK-919 

during year 2009 and sole application of Zn as seed priming (2.0%) and in maize hybrid 

Pioneer 30-Y-87 during year 2010. 

 



134 
 

4.2.5.3. Discussion  

 Present study shows that different Zn application methods significantly affected the 

ZnUE and recovery efficiency (Table 4.48, 4.49). Zinc utilization efficiency has decreased 

significantly with the increasing level of Zn. Maximum ZnUE and recovery efficiency was 

recorded in application of Zn as seed priming (1.0%). This was due to the inverse 

relationship often observed between utilization and rate of application. Similar results were 

reported by Haris et al. (2007) by seed priming with Zn as compared to soil application of Zn 

in maize crop. Higher ZnUE at lower Zn level was also reported by Genc et al. (2002) in 

barley genotypes and Fageria et al. (2011) in rice. Variation in Zn efficiency was found 

among the cultivars of maize. Chaab et al. (2011) reported difference among the maize 

cultivars for ZnUE. 

4.2.6. Economic analysis 

4.2.6.1. Net field benefits 

 Economic analysis of different Zn application methods to maize hybrids is given in 

(Table 4.50 a, b). It is obvious from the Table that Zn application by either method increased 

the net benefits than control in both maize hybrids. Net income obtained in 2009 was more as 

compared to the 2010. However, maximum field benefits or net returns were obtained from 

combined application of Z as seed priming (2%) and foliar spray (2%) in maize hybrid 

Pioneer 30-Y-87 during both experimental years. 

4.2.6.2. Benefit cost ratio 
 It is clear from the Table (4.48 a, b) that the maximum benefit cost ratio was obtained 

with combined application of Zn as seed priming (2%) and foliar spray (2%) in maize hybrid 

Pioneer 30-Y-87 during both experimental years. While the minimum benefit cost ratio was 

obtained with control Zn treatment in maize hybrid DK-919 during both years of 

experimentation. 

4.2.6.3. Discussion 
 Findings of this study showed that Zn application in maize hybrid not only increased 

the yield and improved the quality (grain Zn contents) but also increased the net benefits 

from the field (4.50 a, b). Increased yield results in more economic return which is the actual 

purpose behind growing of a crop. Combined application of Zn as seed priming (2%) and 

foliar spray (2%) gave more grain yield, give extra economic return than other treatments.  
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Table:4.48. Influence of exogenous zinc application methods on zinc use efficiency (kg 
kg-1). 

Zinc Application 

Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK=Control (No zinc 
application) 

0.0 d 0.0 d 0.0 D 0.0 e 0.0 e 0.0 D 

SP1 = Seed priming 
(1.0% ZnSO4) 

261.3 bc 661.3 a 461.3 A 336.0 bc 640.0 a 488.0 A 

SP2 = Seed priming 
(2.0% ZnSO4) 

312.0 b 221.3 bc 266.6 B 344.0 b 184.0 b-e 264.0 B 

F1 = Foliar application 
(1.0%  ZnSO4) 

79.0 cd 169.3 b-d 124.1 CD 86.0 de 154.3 b-e 120.1 CD 

F2 = Foliar application 
(2.0% ZnSO4) 

100.6 cd 126.6 b-d 113.6 CD 120.0 de 117.0 de 118.5 CD 

SP1 + F1 123.6 b-d 169.6 b-d 146.6 BC 130.6 de 169.3 b-e 150.0 BC 

SP1 + F2 109.6 b-d 155.3 b-d 132.5 C 128.3 de 143.0 c-e 135.6 C 

SP2 + F1 129.6 b-d 232.0 bc 180.8 BC 147.6 c-e 199.6 b-d 173.6 BC 

SP2 + F2 119.6 b-d 162.0 b-d 140.8 BC 140.6 de 153.0 b-e 146.8 BC 

Mean 137.3 B 210.85 A  159.2 B 195.59 A  

LSD at P 0.05 Treatment: 130.71, Hybrid: 37.80, 
Interaction: 210.26 

Treatment: 120.50, Hybrid: 34.85, 
Interaction: 193.84 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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Table:4.49. Influence of exogenous zinc application methods on apparent zinc recovery 
efficiency in maize grain (%). 

Zinc Application 

Year 

2009 2010 

Hybrid 
Mean 

Hybrid 
Mean 

DK-919 
Pioneer 
30-Y-87 

DK-919 
Pioneer 
30-Y-87 

CK=Control (No zinc 
application) 

0.00 j 0.00 j 0.00 E 0.00 g 0.00 g 0.00 E 

SP1 = Seed priming (1.0% 
ZnSO4) 

0.24 gh 0.37 fg 0.30 C 0.14 ef 0.35 c 0.25 C 

SP2 = Seed priming (2.0% 
ZnSO4) 

0.82 a 0.50 cde 0.66 A 0.60 a 0.47 b 0.53 A 

F1 = Foliar application 
(1.0% ZnSO4) 

0.18 hi 0.09 ij 0.13 D 0.14 ef 0.08 fg 0.11 D 

F2 = Foliar application 
(2.0% ZnSO4) 

0.70 ab 0.55 cd 0.62 A 0.56 a 0.52 ab 0.54 A 

SP1 + F1 0.14 hi 0.14 hi 0.14 D 0.11 ef 0.14 ef 0.12 D 

SP1 + F2 0.38 ef 0.46 def 0.42 B 0.32 c 0.38 c 0.35 B 

SP2 + F1 0.23 h 0.23 h 0.23 C 0.18 de 0.23 d 0.20 C 

SP2 + F2 0.610 bc 0.69 ab 0.65 A 0.53 ab 0.56 a 0.54 A 

Mean 0.34 B 0.37 A  0.29 B 0.31 A  

LSD at P 0.05 Treatment: 0.082, Hybrid: 0.023, 
Interaction: 0.133 

Treatment: 0.052, Hybrid: 0.015, 
Interaction: 0.083 

Means sharing the same case letters for main and interaction effects don’t differ significantly 
NS = Non-significant 
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 However, this Zn application treatment take more cost to produce maximum grain 

yield but at the end these returns more net benefits that compensate their cost and gave more 

benefits than others. 

Benefit cost ratio is an important to farmers because they are interested in seeing the 

increase in net returns with a given increase in total costs. Different Zn application methods 

significantly affected the benefit cost ratio (4.48 a, b). Maximum benefit cost ratio was 

recorded in combined application of Zn as seed priming (2%) and foliar spray (2%). This was 

due to significantly more grain yield and net field benefits than any other treatment. 
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Table: 4.50 a. Net income and Benefit cost ratio of Experiment No.2 during 2009 
 

CK = No Zn application, SP1 = Seed priming (1.0% Zn), SP2 = Seed priming (1.0% Zn), 
F1 = Foliar application (1.0% Zn), F2 = Foliar application (2.0% Zn) 
 
  

Treatments Total 
expenditures 

(Rs. ha-1) 

Gross income 
(Rs. ha-1) 

Net income 
(Rs. ha-1) 

Benefit 
cost ratio 

Hybrid  Zn 
application 

D
K

-9
19

 

CK 67780 113400 45620 1.67 

SP1 68220 116640 48420 1.71 

SP2 68560 121298 52738 1.77 

F1 69774 119070 49296 1.71 

F2 71518 127575 56057 1.78 

SP1+F1 70214 123728 53514 1.76 

SP1+F2 71958 130410 58452 1.81 

SP2+F1 70554 125955 55401 1.79 

SP2+F2 72298 133448 61150 1.85 

P
io

n
ee

r 
30

-Y
-8

7 

CK 67780 121703 53923 1.80 

SP1 68220 130005 61785 1.91 

SP2 68560 127170 58610 1.85 

F1 69774 133650 63876 1.92 

F2 71518 139523 68005 1.95 

SP1+F1 70214 135878 65664 1.94 

SP1+F2 71958 145598 73640 2.02 

SP2+F1 70554 143978 73424 2.04 

SP2+F2 72298 148635 76337 2.06 
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Table: 4.50 b. Net income and Benefit cost ratio of Experiment No.2 during 2010 
 

CK = No Zn application, SP1 = Seed priming (1.0% Zn), SP2 = Seed priming (1.0% Zn), 
F1 = Foliar application (1.0% Zn), F2 = Foliar application (2.0% Zn) 
 
  

Treatments Total 
expenditures 

(Rs. ha-1) 

Gross income 
(Rs. ha-1) 

Net income 
(Rs. ha-1) 

Benefit 
cost ratio 

Hybrid  Zn 
application 

D
K

-9
19

 

CK 74897 113400 38503 1.51 

SP1 75356 116640 41284 1.55 

SP2 75715 121298 45583 1.60 

F1 76987 119070 42083 1.55 

F2 78827 127575 48748 1.62 

SP1+F1 77446 123728 46282 1.60 

SP1+F2 79286 130410 51124 1.64 

SP2+F1 77805 125955 48150 1.62 

SP2+F2 79645 133448 53803 1.68 

P
io

n
ee

r 
30

-Y
-8

7 

CK 74897 121703 46806 1.62 

SP1 75356 130005 54649 1.73 

SP2 75715 127170 51455 1.68 

F1 76987 133650 56663 1.74 

F2 78827 139523 60696 1.77 

SP1+F1 77446 135878 58432 1.75 

SP1+F2 79286 145598 66312 1.84 

SP2+F1 77805 143978 66173 1.85 

SP2+F2 79645 148635 68990 1.87 
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CHAPTER 5 

SUMMARY 
 

A two years field consisted of two independent experiments, was conducted to 

evaluate the effect of different Zn application methods on the productivity of maize hybrids 

DK-919 and Pioneer 30-Y-87 at Agronomic Research Area, University of Agriculture, 

Faisalabad. The experiments were laid out as randomized complete block design (RCBD) 

under factorial arrangement with three replications and net plot size of 3 m × 5 m. In the first 

experiment, zinc as soil application (5, 10 kg ha-1) or foliar application (0.5, 1.0% ZnSO4 

foliar spray) alone and in combination were used. In the second experiment, influence of 

ZnSO4 as seed priming or foliar application at the rate of 1.0 and 2.0% alone or combination 

were used. The objective of the present was to evaluate the most effective, economical and 

easily applicable method of Zn application for improving phenological development and 

yield attributes of maize hybrids to different Zn application method, in addition to the Zn 

partitioning in the grain of different hybrids. Recommended dose of NPK (250-125-125 kg 

ha-1) were used and all other agronomic practices were kept same in both experiment. Data 

on crop growth, allometry, yield parameters and Zn partitioning in maize grain were recorded 

by using standard procedures. Statistical analysis was performed by using Fisher’s analysis 

of variance technique and treatment means were compared by least significance difference 

test at 5% probability level. 

Experiment No. 1 

Comparison of zinc application methods and time on the performance of hybrid maize. 

Different Zn application treatments improved the yield and yield contributing traits of 

maize crop significantly. Maize hybrid Pioneer 30-Y-87 with combined application of Zn as 

soil application (10 kg ha-1) and foliar spray (1.0%) produced significantly more cob length, 

cob diameter, number of grains per cob, 1000-grain weight, grain yield 19.01 % and 17.65 

%, biological yield 7.16 % and 11.13 % during the year 2009 and 2010, respectively and 

harvest index. On the other hand, plant population, number of cobs per plant and number of 

grain rows per cob were non-significant. 

Similarly, combined application of Zn as soil application (10 kg ha-1) and foliar spray 

(1.0%) had significant effect on degree days taken from sowing to tasseling but, degree days 
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taken from tasseling to silking and from silking to maturity were non-significant. However, 

maize hybrid Pioneer 30-Y87 took more thermal degree days from silking to maturity than 

hybrid DK-919. 

Different Zn application methods improved growth and development of both maize 

hybrids with different application methods. However, combined application of Zn as soil 

application (10 kg ha-1) and foliar spray (1.0%) was superior to other Zn treatments. Maize 

hybrid pioneer 30-Y-87 with combined application of Zn as soil application (10 kg ha-1) and 

foliar spray (1.0%) showed maximum plant height, stem diameter, leaf area index, leaf area 

duration, crop growth rate and net assimilation rate during course of study. 

Different Zn application methods Zn contents; however, combined application of Zn 

as soil application (10 kg ha-1) and foliar spray (1.0%) in maize hybrid DK-919 gave 39.54 % 

and 37.69 % more grain Zn content, respectively during the year 2009 and 2010 than any 

other. On the other hand, Zn application significantly reduced grain protein contents. 

Maximum zinc use efficiency was observed with foliar application of Zn alone (0.5%) in 

both hybrids. 

Zinc application methods improved the net field benefits of maize hybrids. However, 

combined application of Zn as soil application (10 kg ha-1) and foliar spray (1.0%) returned 

more net field benefits from maize hybrid Pioneer 30-Y-87. Similarly, Zn application 

improved the benefit cost ratio; however, combined application of Zn as soil application (10 

kg ha-1) and foliar spray (1.0%) gave maximum benefit cost in both hybrids. 

Experiment No. 2 

Influence of exogenous zinc application on the allometry, growth and yield of maize 

hybrids. 

 Different Zn application treatments improved the yield and yield contributing traits of 

maize crop significantly. Maize hybrid Pioneer 30-Y-87 with combined application of Zn as 

seed priming (2%) and foliar spray (2%) produced significantly cob length, cob diameter, 

number of grains per cob, 1000-grain weight, grain yield 20.00 % and 21.92 %, biological 

yield 12.86 % and 16.98 % during the year 2009 and 2010, respectively and harvest index. 

On the other hand, plant population m-2, number of cobs per plant and number of grain rows 

per cob were non-significant. 
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Similarly, combined application of Zn as seed priming (2%) and foliar spray (2%) 

had significant effect on thermal degree days taken from sowing to tasseling. Maize hybrid 

Pioneer 30-Y-87 took more thermal degree days from sowing to tasseling. On the other hand, 

Zn application did not affect thermal degree days taken from tasseling to silking and silking 

to maturity. However, maize hybrid DK-919 more thermal degree days taken from silking to 

maturity than hybrid Pioneer 30-Y-87. 

Different Zn application methods improved growth and development of both maize 

hybrids with different application methods. However, combined application of Zn as seed 

priming (2%) and foliar spray (2%) was superior to other Zn treatments. Maize hybrid  

Pioneer 30-Y-87 with combined application of Zn as soil application (10 kg ha-1) and foliar 

spray (1%) showed maximum plant height, stem diameter, leaf area index, leaf area duration, 

crop growth rate and net assimilation rate. 

Different Zn application methods improved kernel Zn contents; however, combined 

application of Zn as seed priming (2%) and foliage spray (2%) in maize hybrid DK-919 gave 

43.61 % and 36.56 % more grain Zn content, respectively during the year 2009 and 2010 

than any other. On the other hand, Zn application significantly decreased grain protein during 

both years. Maximum zinc use efficiency was observed with application of Zn seed priming 

(1%) in both hybrids. 

Zinc application methods improved the net field benefits and benefit cost ratio of 

maize hybrids. However, combined application of Zn as seed priming (2%) and foliar spray 

(2%) returned more net field benefits with maize hybrid Pioneer 30-Y-87. Similarly Zn 

application improved benefit cost ratio; however, combined application of Zn as s seed 

priming (2%) and foliar spray (2%) gave maximum benefit cost in both hybrids. 

Conclusions  

On the basis of two years hectic research efforts it was revealed that maize hybrid 

Pioneer 30-Y-87 with combine application Zn either soil application (10 kg ha-1) and foliar 

spray (1.0%) or seed priming (2%) and foliar spray (2%) produced grain yield of 6.82 and 

6.53 t ha-1, biological yield of 20.54 and 18.98 t ha-1 in the 1st experiment and 7.34 and 7.13 t 

ha-1 with a biological yield of 21.08 and 19.12 t ha-1 in 2nd experiment during the year 2009 

and 2010 respectively. More over net field benefits and maximum benefit cost ratio were RS. 

65405 and 1.90 during year 2009 and RS. 55106 and 1.69 during the year 2010 in 1st 
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experiment while RS. 76337 and 2.06 during year 2009 and RS. 68900 and 1.87 during year 

2010 in 2nd experiment respectively which were more economical and beneficial compared to 

the other hybrid. In addition by integrated use of Zn averagely 1.23 t ha-1 more grain yield 

were harvested over the treatments where Zn were not used. 

Recomendations 

On the basis of these experiments it is advised to the farmers besides using of recommended 

doses of NPK fertilizer, combined use of Zn as soil application (10 kg ha-1) with (1.0%) 

foliar application or seed priming (2%) with (2.0%) foliar application should be practiced for 

getting higher production of maize hybrids. 

Future research thrusts 

 Research on these lines should be continued in other agr-ecological zones of Pakistan 

to further verify the validity of these results and to arrive at more conclusive results. 

 Future studies should be based upon modeling the relationship among Zn and water 

availability towards growth, development, yield and quality of maize crop. 

 Role of Zn in resistance against biotic and a biotic stresses should be investigated. 

 Longevity of seed primed with Zn should be explored. 

 Different sources of Zn in combination should be studied. 

 Physiological basis of interactive effects of Zn with other macronutrients needs to be 

established further. 

 Interaction of different Zn sources and Zn application methods with P should be 

studied. 

 Further investigations on rates and application methods of Zn for synthetic varieties 

are needed. 

 Different sources of Zn should be checked for the portioning of grain Zn in maize 

crop. 
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APPENDIX 
Appendix: 1 Economic analysis of Experiment No.1 during 2009 

Parameters  Hybrid DK-919 Hybrid Pioneer 30-Y-87 Remarks  

Zn Application 

-----------˃ 
CK S1 S2 F1 F2 S1+F1 S1+F2 S2+F1 S2+F2 CK S1 S2 F1 F2 S1+F1 S1+F2 S2+F1 S2+F2 

 

Grain yield 5.32 5.50 5.61 5.67 6.03 5.91 6.17 5.74 6.29 5.68 5.90 6.01 6.29 6.56 6.10 6.68 6.45 6.82 t ha-1 

Value  107730 111375 113603 114818 122108 119678 124943 116235 127373 115020 119475 121703 127373 132840 123525 135270 130613 138105 
Rs.900/40 
kg 

Gross 
benefits 

107730 111375 113603 114818 122108 119678 124943 116235 127373 115020 119475 121703 127373 132840 123525 135270 130613 138105 Rs. ha-1 

Ploughing 
cost 

600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 
Rs. 300 
ha-1 

Planking 
cost 

300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 

Rs. 150 
ha-1 

Seed cost  11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 
Rs. 450 kg-

1 

Bund 
making  

300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 Rs.300 ha-1 

Continued…. 



180 
 

 

Parameters  Hybrid DK-919 Hybrid Pioneer 30-Y-87 Remarks 

Zn Application 

-----------˃ 
CK S1 S2 F1 F2 S1+F1 S1+F2 S2+F1 S2+F2 CK S1 S2 F1 F2 S1+F1 S1+F2 S2+F1 S2+F2  

Sprays 
including 
labour charges 

1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800
Rs. 900 per 
spray 

Watch and 
ward 

7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 
250 man-

1 day-1 

Cleaning of 
water 
channel 

125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 
250 man-

1 day-1 

Labor 
charges for 
irrigation 

750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 
250 man-

1 day-1 

NPK 
fertilizers 
cost 

30655 30655 30655 30655 30655 30655 30655 30655 30655 30655 30655 30655 30655 30655 30655 30655 30655 30655 Rs. ha-1 

Harvesting 
charges  

2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 
250 man-

1 day-1 

Threshing 
charges 

2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 
250 man-

1 day-1 

Continued…. 
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Parameters  Hybrid DK-919 Hybrid Pioneer 30-Y-87 Remarks  

Zn Application 

------------˃ 
CK S1 S2 F1 F2 S1+F1 S1+F2 S2+F1 S2+F2 CK S1 S2 F1 F2 S1+F1 S1+F2 S2+F1 S2+F2 

 

Land rent 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 

Rs. 
20000 
annum-1 

Cost of Zn - 1363 2726 872 1744 2235 3107 3598 4470 - 1363 2726 872 1744 2235 3107 3598 4470 Rs. 90 kg-1 

Labour cost - 200 200 200 200 400 400 400 400 - 200 200 200 200 400 400 400 400 

Rs.200/man 
ha-1for each 
operation 

Sprayer rent - - - 50 50 50 50 50 50 - - - 50 50 50 50 50 50 Rs. 50 ha-1 

Total 
expenditures 

67780 69343 70706 68902 69774 70465 71337 71828 72700 67780 69343 70706 68902 69774 70465 71337 71828 72700 Rs. ha-1 

Cost that 
varies - 1563 2926 1122 1170 2685 3557 4048 4920 - 1563 2926 1122 1170 2685 3557 4048 4920 Rs. ha-1 

Net benefits 39950 42032 42897 45916 52334 49213 53606 44407 54673 47240 50132 50997 58471 63066 53060 63933 58785 65405 Rs. ha-1 

CK = No Zn application, S1 = Soil application (5 kg ha-1 Zn), S2 = Soil application (10 kg ha-1 Zn), F1 = Foliar application (0.5% Zn), 
F2 = Foliar application (1.0% Zn)  
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Appendix: 2   Economic analysis of Experiment No.1 in 2010 

Parameters  Hybrid DK-919 Hybrid Pioneer 30-Y-87 Remarks  

Zn Application 

------------˃ 
CK S1 S2 F1 F2 S1+F1 S1+F2 S2+F1 S2+F2 CK S1 S2 F1 F2 S1+F1 S1+F2 S2+F1 S2+F2 

 

Grain yield 5.26 5.40 5.48 5.75 5.96 5.54 6.02 5.83 6.14 5.51 5.95 5.84 5.71 6.29 6.10 6.42 6.18 6.53 t ha-1 

Value  108882 111780 113436 119025 123372 114678 124614 120681 127098 114057 123165 120888 118197 130203 126270 132894 127926 135171 
Rs.920/40 
kg 

Gross 
benefits 

108882 111780 113436 119025 123372 114678 124614 120681 127098 114057 123165 120888 118197 130203 126270 132894 127926 135171 Rs. ha-1 

Ploughing 
cost 

600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 
Rs. 300 
ha-1 

Planking 
cost 

300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 

Rs. 150 
ha-1 

Seed cost  11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 Rs. 450 kg-1 

Bund 
making  

300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 Rs.300 ha-1 

Continued…. 
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Parameters  Hybrid DK-919 Hybrid Pioneer 30-Y-87 Remarks 

Zn Application 

-----------˃ 
CK S1 S2 F1 F2 S1+F1 S1+F2 S2+F1 S2+F2 CK S1 S2 F1 F2 S1+F1 S1+F2 S2+F1 S2+F2  

Sprays 
including 
labour charges 

1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800
Rs. 900 per 
spray 

Watch and 
ward 

7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 
250 man-

1 day-1 

Cleaning of 
water 
channel 

125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 
250 man-

1 day-1 

Labor 
charges for 
irrigation 

750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 
250 man-

1 day-1 

NPK 
fertilizers 
cost 

37772 37772 37772 37772 37772 37772 37772 37772 37772 37772 37772 37772 37772 37772 37772 37772 37772 37772 Rs. ha-1 

Harvesting 
charges  

2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 
250 man-

1 day-1 

Threshing 
charges 

2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 
250 man-

1 day-1 

Continued…. 



184 
 

 

Parameters  Hybrid DK-919 Hybrid Pioneer 30-Y-87 Remarks  

Zn Application 

------------˃ 
CK S1 S2 F1 F2 S1+F1 S1+F2 S2+F1 S2+F2 CK S1 S2 F1 F2 S1+F1 S1+F2 S2+F1 S2+F2 

 

Land rent 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 

Rs. 
20000 
annum-1 

Cost of Zn - 1439 2878 920 1840 2359 3279 3798 4718 - 1439 2878 920 1840 2359 3279 3798 4718 Rs. 95 kg-1 

Labour cost - 200 200 200 200 400 400 400 400 - 200 200 200 200 400 400 400 400 

Rs.200/man 
ha-1for each 
operation 

Sprayer rent - - - 50 50 50 50 50 50 - - - 50 50 50 50 50 50 Rs. 50 ha-1 

Total 
expenditures 

74897 76536 77975 76067 76987 77706 78626 79145 80065 74897 76536 77975 76067 76987 77706 78626 79145 80065 Rs. ha-1 

Cost that 
varies - 1639 3078 1170 2090 2809 3729 4248 5168 - 1639 3078 1170 2090 2809 3729 4248 5168 Rs. ha-1 

Net benefits 33985 35244 35461 42958 46385 36972 45988 41536 47033 39160 46629 42913 42130 53216 48564 54268 48781 55106 Rs. ha-1 

CK = No Zn application, S1 = Soil application (5 kg ha-1 Zn), S2 = Soil application (10 kg ha-1 Zn), F1 = Foliar application (0.5% Zn), 
F2 = Foliar application (1.0% Zn)  
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Appendix: 3  Economic analysis of Experiment No.2 in 2009 

Parameters  Hybrid DK-919 Hybrid Pioneer 30-Y-87 Remarks  

Zn Application 

-----------˃ 
CK SP1 SP2 F1 F2 SP1+F1 SP1+F2 SP2+F1 SP2+F2 CK SP1 SP2 F1 F2 SP1+F1 SP1+F2 SP2+F1 SP2+F2 

 

Grain yield 5.60 5.76 5.99 5.88 6.30 6.11 6.44 6.22 6.59 6.01 6.42 6.28 6.60 6.89 6.71 7.19 7.11 7.34 t ha-1 

Value  113400 116640 121298 119070 127575 123728 130410 125955 133448 121703 130005 127170 133650 139523 135878 145598 143978 148635 
Rs.900/40 
kg 

Gross 
benefits 

113400 116640 121298 119070 127575 123728 130410 125955 133448 121703 130005 127170 133650 139523 135878 145598 143978 148635 Rs. ha-1 

Ploughing 
cost 

600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 
Rs. 300 
ha-1 

Planking 
cost 

300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 
Rs. 150 
ha-1 

Seed cost  11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 
Rs. 450 kg-

1 

Bund 
making  

300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 Rs.300 ha-1 

Sprays 
including 
labour charges 

1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800
Rs. 900 per 
spray 

Continued…. 
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Parameters  Hybrid DK-919 Hybrid Pioneer 30-Y-87 Remarks 

Zn Application 

------------˃ 
CK SP1 SP2 F1 F2 SP1+F1 SP1+F2 SP2+F1 SP2+F2 CK SP1 SP2 F1 F2 SP1+F1 SP1+F2 SP2+F1 SP2+F2 

 

Watch and 
ward 

7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 
250 man-

1 day-1 

Cleaning of 
water 
channel 

125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 
250 man-

1 day-1 

Labor 
charges for 
irrigation 

750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 
250 man-

1 day-1 

NPK 
fertilizers 
cost 

30655 30655 30655 30655 30655 30655 30655 30655 30655 30655 30655 30655 30655 30655 30655 30655 30655 30655 Rs. ha-1 

Harvesting 
charges  

2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 
250 man-

1 day-1 

Threshing 
charges 

2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 
250 man-

1 day-1 

Land rent 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 

Rs. 
20000 
annum-1 

Cost of Zn - 340 680 1744 3488 2084 3828 2424 4168 - 340 680 1744 3488 2084 3828 2424 4168 Rs. 90 kg-1 

Continued…. 



187 
 

 

Parameters  Hybrid DK-919 Hybrid Pioneer 30-Y-87 Remarks  

Zn Application 

------------˃ 
CK SP1 SP2 F1 F2 SP1+F1 SP1+F2 SP2+F1 SP2+F2 CK SP1 SP2 F1 F2 SP1+F1 SP1+F2 SP2+F1 SP2+F2 

 

Cost of 
priming - 100 100 - - 100 100 100 100 - 100 100 - - 100 100 100 100 

Aeration 
pump rent 
Rs.50/day. 
Container 
rent Rs. 
50/day.

Labour cost - - - 200 200 200 200 200 200 - - - 200 200 200 200 200 200 

Rs.200/man 
ha-1for each 
operation 

Sprayer rent - - - 50 50 50 50 50 50 - - - 50 50 50 50 50 50 Rs. 50 ha-1 

Total 
expenditures 

67780 68220 68560 69774 71518 70214 71958 70554 72298 67780 68220 68560 69774 71518 70214 71958 70554 72298 Rs. ha-1 

Cost that 
varies - 440 780 1994 3738 2434 4178 2774 4518 - 440 780 1994 3738 2434 4178 2774 4518 Rs. ha-1 

Net benefits 45620 48420 52738 49296 56057 53514 58452 55401 61150 53923 61785 58610 63876 68005 65664 73640 73424 76337 Rs. ha-1 

CK = No Zn application, SP1 = Seed priming (1.0% Zn), SP2 = Seed priming (1.0% Zn), F1 = Foliar application (1.0% Zn), F2 = Foliar 
application (2.0% Zn) 
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Appendix: 4   Economic analysis of Experiment No.2 in 2010 

Parameters  Hybrid DK-919 Hybrid Pioneer 30-Y-87 Remarks  

Zn Application 

-----------˃ 
CK SP1 SP2 F1 F2 SP1+F1 SP1+F2 SP2+F1 SP2+F2 CK SP1 SP2 F1 F2 SP1+F1 SP1+F2 SP2+F1 SP2+F2 

 

Grain yield 5.60 5.76 5.99 5.88 6.30 6.11 6.44 6.22 6.59 6.01 6.42 6.28 6.60 6.89 6.71 7.19 7.11 7.34 t ha-1 

Value  113400 116640 121298 119070 127575 123728 130410 125955 133448 121703 130005 127170 133650 139523 135878 145598 143978 148635 
Rs.920/40 
kg 

Gross 
benefits 

113400 116640 121298 119070 127575 123728 130410 125955 133448 121703 130005 127170 133650 139523 135878 145598 143978 148635 Rs. ha-1 

Ploughing 
cost 

600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 
Rs. 300 
ha-1 

Planking 
cost 

300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 
Rs. 150 
ha-1 

Seed cost  11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 11250 
Rs. 450 kg-

1 

Bund 
making  

300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 Rs.300 ha-1 

Sprays 
including 
labour charges 

1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800 1800
Rs. 900 per 
spray 

Continued…. 
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Parameters  Hybrid DK-919 Hybrid Pioneer 30-Y-87 Remarks 

Zn Application 

------------˃ 
CK SP1 SP2 F1 F2 SP1+F1 SP1+F2 SP2+F1 SP2+F2 CK SP1 SP2 F1 F2 SP1+F1 SP1+F2 SP2+F1 SP2+F2 

 

Watch and 
ward 

7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 
250 man-

1 day-1 

Cleaning of 
water 
channel 

125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 
250 man-

1 day-1 

Labor 
charges for 
irrigation 

750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 
250 man-

1 day-1 

NPK 
fertilizers 
cost 

37772 37772 37772 37772 37772 37772 37772 37772 37772 37772 37772 37772 37772 37772 37772 37772 37772 37772 Rs. ha-1 

Harvesting 
charges  

2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 
250 man-

1 day-1 

Threshing 
charges 

2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 2500 
250 man-

1 day-1 

Land rent 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 

Rs. 
20000 
annum-1 

Cost of Zn - 359 718 1840 3680 2199 4039 2558 4398 - 359 718 1840 3680 2199 4039 2558 4398 Rs. 95 kg-1 

Continued…. 
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Parameters  Hybrid DK-919 Hybrid Pioneer 30-Y-87 Remarks  

Zn Application 

------------˃ 
CK SP1 SP2 F1 F2 SP1+F1 SP1+F2 SP2+F1 SP2+F2 CK SP1 SP2 F1 F2 SP1+F1 SP1+F2 SP2+F1 SP2+F2 

 

Cost of 
priming - 100 100 - - 100 100 100 100 - 100 100 - - 100 100 100 100 

Aeration 
pump rent 
Rs.50/day. 
Container 
rent Rs. 
50/day.

Labour cost - - - 200 200 200 200 200 200 - - - 200 200 200 200 200 200 

Rs.200/man 
ha-1for each 
operation 

Sprayer rent - - - 50 50 50 50 50 50 - - - 50 50 50 50 50 50 Rs. 50 ha-1 

Total 
expenditures 

74897 75356 75715 76987 78827 77446 79286 77805 79645 74897 75356 75715 76987 78827 77446 79286 77805 79645 Rs. ha-1 

Cost that 
varies - 459 818 2090 3930 2549 4389 2908 4748 - 459 818 2090 3930 2549 4389 2908 4748 Rs. ha-1 

Net benefits 38503 41284 45583 42083 48748 46282 51124 48150 53803 46806 54649 51455 56663 60696 58432 66312 66173 68990 Rs. ha-1 

CK = No Zn application, SP1 = Seed priming (1.0% Zn), SP2 = Seed priming (1.0% Zn), F1 = Foliar application (1.0% Zn), F2 = Foliar 
application (2.0% Zn) 

 


