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ABSTRACT 
 
 

Year and Plant Population Density Effects on Ear Initial Development and Grain Yield 
 
 

Graham C. Moum        Advisor: 
University of Guelph, 2014       Dr. Elizabeth A. Lee 
 
 
 Maize early ear development is a portion of grain yield allocation that is not well understood. 
Recent work suggests that not all florets develop properly and at high planting densities a larger 
proportion of these florets do not develop normally. Ear initial and grain yield traits for nine genotypes 
were analyzed over three years using five plant population treatments. The number of normally 
developed florets was not significantly different from the number of kernels found on an ear but 
correlation analysis demonstrated that the relationship was not consistent across treatments. Grain 
yield was also not explained to the expected extent by floret morphology one week prior to silking. Both 
of these observations suggest that further study is required for a better understanding of floret 
development and it’s relation to kernel number. Data for kernel weight (KW) demonstrated both source 
and sink components are important for KW determination. 
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CHAPTER 1: INTRODUCTION AND LITERATURE REVIEW 

1.1. Physiology of Grain yield 

Major improvements in maize (Zea mays  L.) yield have occurred throughout the so-called 

‘hybrid era’ of the past 70 years (Lee and Tollenaar, 2007). Advances in grain yield are attributed to 

genetic improvements through breeding practices (~60%) and advances in agronomic practices (~40%) 

(Lee and Tollenaar, 2007; Duvick, 1999). The majority of the genetic improvement has come from an 

augmented ability of the maize plant to accumulate dry matter under high planting densities; in other 

words by augmenting source strength under increased stress (Tollenaar and Lee, 2006). Grain yield is 

also heavily influenced by sink size, or the factors that influence the partitioning of assimilates to the 

grain (Lee and Tollenaar, 2007). Sink size in maize is determined by both kernel number and kernel 

weight and the majority of yield increases due to sink strength improvement are associated with 

increased kernel number (Tollenaar and Lee, 2002). Increases in kernel number are attributed for the 

most part to an increase in the rate of dry matter accumulation (DMA) during the sensitive period of 

kernel establishment (250 growing degree days (GDD) before silking and 100 GDD after (Echarte et al., 

2004; Echarte and Tollenaar, 2006; Lizaso et al., 2001).  Jacobs and Pearson (1991) have also 

demonstrated that kernel number is directly related to grain yield and that a reduction in kernel number 

due to stressful conditions translates to a reduction in grain yield. 

Despite increases in grain yield, yield potential per plant does not appear to have increased 

between 1930 and 1990, so plants from both eras are likely to produce similar yields in favourable 

conditions, which for the most part is the plant population density of the early eras (Tollenaar and Lee, 

2002). This suggests that increases in grain yield during those 60 years are not due to increases in an 

individual plant’s ability to maximize yield in low-stress conditions. What has improved grain yield in 

maize has been the ability for plants to adapt to stresses caused by high planting densities. What has not 
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changed is yield potential, where yield potential is defined as the yield of a plant when resources are not 

a limiting factor (Tollenaar and Lee, 2002). Modern hybrids do not produce higher yields than older 

hybrids when resources are not a limiting factor. Although it is known that yield improvement is 

associated with improved source and sink strength under increased stress, many of the mechanisms 

that afford modern hybrids these advantages have yet to be elucidated. 

One of the major mechanisms by which modern hybrids have increased grain yield is by 

increasing light interception by the canopy through changes in leaf area index (LAI) defined as the area 

(m2) of leaf canopy per unit of ground area (m2). The majority of increases in LAI have come from 

increased planting densities as leaf area per plant has not increased in newer hybrids relative to the old 

(Lee and Tollenaar, 2007). Steeper leaf angle, in newer hybrids relative to old ones allow for increased 

densities while minimizing the amount of competition for light (Lee and Tollenaar, 2007). A steeper leaf 

angle allows for more even distribution of light interception within the canopy. A study by Long et al., 

(2006) demonstrated that plants with a steeper leaf angle are able to increase total canopy 

photosynthesis rates by distributing light over a larger area despite decreases in the CO2 assimilation 

rate per unit area (µmol m-2 s-1) of the uppermost leaf. By increasing total canopy photosynthesis rates 

and altering planting densities, a balance between the stress of competition pressure and LAI can be 

struck to optimize grain yield.  

 The effects of increasing density on kernel development are relatively unknown. Excessively high 

planting densities decrease the total number and nutritional content of kernels per ear at harvest 

(Borras et al., 2003a). Density effects on floret development, however, are unclear. Studies done in our 

lab suggest that high density treatments can masculinize florets in the distal regions of ears (Smith, 

2012). However, studies done to link this masculinization with kernel numbers at final harvest are 

inconclusive and in very early stages. 
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 Density treatments offer a stable and easily controlled treatment with which to alter the 

dynamics of grain yield. Year effects, being the unpredictable environmental differences from year to 

year, on the other hand are more unpredictable and less easily quantified as a factor in grain yield 

determination. This study attempts to observe how both density and year effects, as distinct 

environmental conditions, affect floret development and grain yield. 

1.2. Genotype by Environment Interactions 

Genotype × environment (G × E) interactions are defined as relative changes in a specific trait 

across more than one environment for more than one genotype (Bowman, 1972). There are two types 

of G x E interactions: relative changes to rank and changes to magnitude. The first of these is 

characterized by genotypes altering the order in which they would be ranked for the specific trait of 

interest in differing environments. The second of these is characterized by differences for a trait of 

interest solely in magnitude between genotypes across environments.  

G x E interactions are problematic to plant breeders, as they can mask the effects of the 

genotypic effects, which impede genetic progress from selection (Dudley and Moll, 1969; Kang and 

Gorman, 1989). This experiment will attempt to use density treatments across years to create multiple 

distinct environments in which we can study the effects of these particular environmental effects on 

kernel development across multiple genotypes.  

1.3. Floret development 

The development of viable kernels begins with secondary growth axes developments that 

produce an inflorescence meristem (IM) from an axillary meristem. These transitions are facilitated by 

the plant hormone auxin (Reinhardt et al., 2003; Benkova et al., 2003). The IM then grows and produces 

multiple spikelet pair meristems (SPM) through directed auxin accumulation by transmembrane influx 

and efflux transporters (Reinhardt et al., 2003; Benkova, et al., 2003). These SPM then produce a 
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spikelet meristem (SM) and are converted into a SM themselves (Kaplinsky and Freeling, 2003). This 

pattern continues and from each SM a floret meristem (FM) is produced and each SM is converted to a 

FM. At this point each basal FM of the pair produced by each SM aborts to create one functional floret 

for each SM produced (Kaplinsky and Freeling, 2003; Lee et al., 2007). Until this point sex determination 

has not occurred. Each floret produced on a maize plant, whether on the ear or tassel, is bisexual until 

stamen arrest on the ear or pistil abortion on the tassel (Cheng et al., 1983). Chuck et al., (2007) 

demonstrated that this sexual determination of florets is regulated in part by down-regulating or up-

regulating gibberellins in the tassel and ear respectively (Bensen et al., 1995; Nickerson, 1959).  The IM 

determines the number of floret rows on the ear as soon as it begins to produce SPM, that is to say: very 

early in the development of the ear (Blommert et al., 2005).  

Florets produced as described above may have the potential to become kernels, but for a floret 

to become a functional sexual organ it first must undergo megasporogenesis to produce a megaspore 

and then subsequent megagametogenesis to produce an eight nucleate egg sag required for proper 

fertilization (Esau, 1977). Megagametogenesis is the development of the female gametophyte or 

embryo sac from the megaspore mother cell (Esau, 1977). This process begins with the meiotic division 

of a megasporocyte to produce four megaspores; three of which go through programmed cell death 

leaving a single megaspore capable of becoming a functional female gametophyte (Yang et al., 2010). 

This single nucleate megaspore undergoes multiple rounds of mitotic-like divisions to produce an eight 

nucleate embryo sac. The morphology of this eight nucleate embryo sac is distinctive and conserved 

throughout many flowering plants (Yang et al., 2010). This structure consists of three antipodals, two 

polar nuclei, two synergids, and a single egg cell that has the potential to form an embryo. This process 

is highly dependent on the establishment of an auxin gradient that directs proper cell division in the 

developing megaspore (Pagnussat et al., 2009). 
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Several studies have demonstrated that there are many factors involved in floret development 

and fertilization that contribute to distal florets not producing viable kernels (Smith, 2012; Lizaso et al., 

2007). Some studies suggest that low silk growth rates in the distal portion of the ear cause decreased 

fertilization rates that lead to consistently observed non-viable kernels in distal portions of the ear 

(Jacobs and Pearson, 1991). Lemcoff and Loomis, (1994) however, suggested that when the plant is 

stressed it is unable to produce sufficient assimilates to support kernels in the distal portion of the ear 

and thus kernels are aborted and silk emergence is arrested, which is in direct contention with work 

done by Reed and Singletary, (1989) that demonstrated that insufficient carbohydrates do not trigger 

kernel abortion. Despite the conflicting conclusions, these theories are all predicated on the concept 

that florets in the distal portion of the ear have developed the proper structures required for pollination. 

This may not in fact be the case: a study conducted by Huang and Sheridan (1994) demonstrated that 

not all florets on the ear formed the necessary eight nucleate embryo sac for fertilization. Research from 

our lab has also demonstrated the presence of masculinized florets on the distal portion of the ear and 

that the frequency and distribution of these atypical florets is more prevalent in high planting density 

conditions (Smith, 2012). This would suggest that in some cases the inability of a particular floret to 

produce a viable kernel is determined at an earlier developmental period than initially suggested. 

Increasing plant densities affects grain yields by intensifying intra-specific competition between 

plants, which affects many ear characteristics like 1000-kernel weight, ear length, number of kernel 

rows and the number of kernels per row (Bavec and Bavec, 2002). This competition then affects kernel 

development by reducing kernel number and nitrogen content, delaying ear differentiation relative to 

tassel differentiation, and reducing ear shoot growth rates (Uhart and Andrade, 1995; Sangoi, 2000; 

Borras et al., 2003a). Reduced kernel number alongside diminished nutritional content demonstrates 

that increasing planting densities and intensified intra-specific competition affect growth and 

development of kernels. The intricacies of how intra-specific competition affects development, 
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however, are largely unknown. The literature suggests that excess intra-specific competition primarily 

affects grain yield during the grain filling phase of kernel development (i.e., between silking and 

physiological maturity) (Borras and Otegui; 2001, Poneleit and Egli, 1979). However, there has also been 

work done in our lab to suggest that intra-specific competition has significant effects on kernel 

development prior to fertilization (Smith, 2012). 

There has been little work done to determine how floret development is dictated by genotype 

and affected by environmental conditions and how that may relate to sink strength and ultimately 

kernel number and yield. Work was done to elucidate these phenomena, and Smith (2012) noted the 

presence of atypically developed florets on maize ears and how heterosis reduced their occurrence. 

Further work done by Smith (2012) demonstrated that the number of atypical florets was also affected 

by density treatments while the total number of florets was not. Kernel number is also known to be 

affected by density which suggests that the incidence of atypical florets may be associated with the 

stresses placed on plants in high stand density environments. These observations are compelling but 

correlation analyses were not done in this study to determine whether or not kernel number and the 

number of normal florets were associated with each other at different planting densities. 

1.3.2 Kernel Row Number 

In modern maize there is little variation in the number of floret rows on a given ear and the 

number of floret rows has been shown to be controlled by few quantitative trait loci (QTL) of large effect 

(Lu et al., 2011). Further studies identified the gene FASCIATED EAR 2 (FEA2) as a gene of large effect in 

determining the number of SPM that are produced (Blommert et al., 2013). The gene has the effect of 

enlarging the IM during development, effectively increasing the number of stem cells in the meristem. 

This has the unfortunate consequence of fasciating ears which means to produce ears with an 

abundance of kernel rows making them unviable for commercial production (Taguchi-Shiobara et al., 
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2001). Blommert et al., (2013) demonstrated that a specific fea2 mutant with minor nucleotide changes 

(fea2-1328) could produce more kernel rows than conventional hybrids without the fasciation found in 

normal fea2 mutants. These studies suggest that row number is controlled mostly by genetic factors and 

that there is little variability in row number due to environmental effects. This study will attempt to 

observe how row number is affected by environmental conditions and how that in turn relates to 

individual floret development. 

1.4. Kernel Number Prediction 

The ability to accurately predict kernel number is an important factor to consider when 

discussing grain yield in maize. The CERES model for predicting kernel number is widely recognized and 

used as the most accurate and consistent tool for predicting kernel number based on factors preceding 

physiologic maturity. The original iteration of the CERES model (Jones and Kiniry, 1986) predicted kernel 

number per plant (GPP) using the equation: 

𝐺𝑃𝑃 =
𝐺2 𝑥 (𝑃𝑆 − 195)

1213.2 + (𝑃𝑆 − 195)
 

where G2 is the potential number of kernels per plant based on genotypic input and PS is the average 

rate of photosynthesis during the linear phase of the grain filling period, which will be discussed below. 

195 represents a threshold photosynthetic rate of 195 mg of carbohydrates plant-1 day-1.  

The original CERES model has been reworked to increase the accuracy of predictions. The most 

consistent factor used in many of the new models is plant growth rate during a 31 day period bracketing 

silking (PGR) (Andrade et al., 2000, Lizaso et al., 2001). PGR is normally estimated by measuring the 

intercepted photosynthetically active radiation (IPAR) during the 31 day period bracketing silking, which 

is in turn calculated from the Monsi and Saeki adaptation of the Beer-Bougher Law (Otegui and 

Bonhomme, 1998; Kiniry and Knievel, 1995; Rosenberg et al., 1983). 
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𝐼𝑃𝐴𝑅 = 0.5 𝑥
𝑆𝑅𝐴𝐷

𝑃𝐿𝑇𝑃𝑂𝑃
 𝑥 (1 − 𝑒−𝑘 𝑥 𝐿𝐴𝐼) 

where SRAD is the incoming solar radiation (MJ m-2 d-1), assuming a radiation use efficiency value of 4.2 

and 50% of the solar radiation is within the wavelength of photosynthetically active radiation (Monteith, 

1977), PLTPOP is the plant population (plant m-2), LAI is the leaf area index (m2 m-2) and k is the unitless 

extinction coefficient from the Beer-Brougher Law, calculated as: 

𝑘 = 1.5 − 0.768 𝑥 (𝑅𝑂𝑊𝑆𝑃𝐶2𝑥 𝑃𝐿𝑇𝑃𝑂𝑃)0.1 

where ROWSPC is the row spacing (m) (Rosenberg et al., 1983). 

The CERES model had become more and more accurate with the incorporation of a double 

curve function (Lizaso et al., 2001). This function described by Tollenaar et al. (1992) attempts to 

describe the potential number of kernels per plant (PGPP) using two equations. PGPP is calculated by 

both equations and then chooses the larger. The first equation assumes that only the topmost ear will 

develop and is as follows: 

𝑃𝐺𝑃𝑃 = 𝐺2 𝑥 (1 − 𝑒−𝑏1 𝑥 (𝐾𝑁𝐼𝑃𝐴𝑅−𝐾𝑁𝐼𝑃𝐴𝑅01)) 

The second equation assumes that there will be two ears on the plant that will develop: 

𝑃𝐺𝑃𝑃 = 𝐺5 𝑥 (1 − 𝑒−𝑏2𝑥(𝐾𝑁𝐼𝑃𝐴𝑅−𝐾𝑁𝐼𝑃𝐴𝑅02)) 

where b1 and b2 represent the efficiency of kernel set (Lizaso et al., 2001). G2 in this particular equation 

differs from the original CERES model and is the potential kernel number per ear estimated using the 

apical ear. G5 is the potential kernel number per plant of prolific genotypes. KNIPAR is a daily average of 

IPAR calculated over a period between 250 GDD before silking and 100 GDD after silking divided by the 

number of calendar days accounted for by the GDD period. KNIPAR01 represents a threshold of IPAR 

required for kernels to develop on the apical ear. KNIPAR02 represents a threshold of IPAR required for 
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kernels to develop on the secondary ear. However, the CERES model that incorporates the double curve 

function continues to consistently under-predict kernel number. The cause of under-prediction observed 

in this model is that it only takes into account limitations to source development and ignores the sink 

components involved in kernel development. The proposed solution for this problem was to attempt to 

more accurately predict the number of kernels set and thus develop more accurate models by 

accounting for sink limitations to kernel development (Lizaso et al., 2003). Sink strength was estimated 

as an adjusted kernel set (kernels ear-1) (KS): 

𝐾𝑆 = 𝑆𝑁 𝑥 𝑘𝑠 𝑥 𝐸𝐴𝑃  

 where EAP represents a pollination efficiency factor, ks is a kernel set term taken from Bassetti and 

Westgate (1994) where the number of viable florets was calculated from daily rate of pollen shed (grains 

cm-2 d -1) and SN is the cumulative number of silks exposed (Lizaso et al., 2003). A more recent version of 

this model was also proposed by Lizaso et al. (2007). This new model did little to improve the previous 

model and sink strength inputs remained silk extrusion and pollen shed traits. While these models are 

relatively accurate (r2 of 0.87 comparing predicted KN to actual KN), more accurate models could be 

created by using a much more accurate prediction of the number of viable florets produced on an ear or 

sink strength (Lizaso et al., 2007). This study will attempt to provide evidence that floret morphology 

should be considered in kernel number prediction models for a more accurate estimation of sink 

strength.  

Kernel abortion is another factor in kernel number prediction that is disputed. Sangoi (2000) 

discussed the possibility that at high planting density, carbohydrate limitations in each plant stimulate 

kernel aborting post-fertilization. In direct contradiction to this study, Reed and Singletary (1989) 

demonstrated that neither insufficient carbohydrates nor auxins and cytokinins are involved with the 

initiation of kernel abortion post-fertilization. Contradictory studies describing kernel abortion and floret 
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growth relationships with final kernel number suggest that there are a myriad of factors involved in the 

determination of kernel number that are not fully understood. 

1.5. Grain Fill Review 

 After a floret has been fertilized, seed development or grain filling begins. This period of 

development is divided into three phases: the lag phase, the effective grain filling phase and the 

maturation and drying phase (Bewley et al., 2013). The lag phase is characterized by active cell division 

and differentiation but little DMA. There is also a rapid increase in the water content of kernels at this 

point (Borras et al., 2003b). This phase allows the kernels to grow rapidly and set the stage for dry 

matter to accumulate in each kernel. The effective grain filling period follows the lag phase and is 

characterized by rapid DMA; water content also increases during this phase leading to maximum water 

content around the middle of overall grain fill (Westgate and Boyer, 1986; Borras et al., 2003b). The final 

phase of grain fill is termed the maturation and drying phase. This phase is characterized by loss of 

water in the kernels and the achievement of maximum dry matter in each kernel (physiological 

maturity) (Bewley et al., 2013). These developmental patterns of DMA and water content are conserved 

across genotypes as well as growing conditions (Borras and Westgate, 2006). They also provide an easily 

quantifiable way in which kernel sink capacity can be measured after development, by measuring kernel 

water parameters during development (Brooking, 1990; Borras et al., 2003b).  

 Much like floret development, kernel development is affected by planting density. Kernel weight 

reductions due to increasing planting densities are attributed to reductions in kernel growth rates during 

the effective grain filling period and not to the duration of this stage, as was previously suggested 

(Borras and Otegui, 2001; Poneleit and Egli, 1979). This suggests that differences in KW due to planting 

densities occur because of competition for assimilates between kernels during the entire grain filling 
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phase. Density effects on early ear development, however, appear to have no effect on KW (Borras and 

Otegui, 2001). 

1.6. Hypotheses and Research Objectives 

 This study investigated maize female floret development response to density and year effects. I 

hypothesized that: 

i) Year and density effects observed on grain yield are in part due to the impact of improper 

female floret development. 

ii) Yield components are differentially affected by floret development when dry matter 

accumulation during the grain filling period is accounted for. 

The first hypothesis was tested by subjecting nine genotypes of maize to three density 

treatments over the course of two growing seasons. Female floret development was quantified as 

the number of florets exhibiting normal morphology and the total number of florets. These traits 

were compared to yield component traits like kernel number and kernel weight. The second 

hypothesis was tested using the same density treatments as the previous hypothesis and the 

addition of two new density treatments that limited intra-specific competition during the grain 

filling period. Female floret and kernel number traits were also collected in this experiment to test 

associations between floret development and kernel traits.  
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CHAPTER 2: MATERIALS AND METHODS 

2.1 Genetic Material 

This experiment utilized nine genotypes of maize, all developed at the University of Guelph. 

These included of four inbred lines, four single-cross hybrids and one sister-line hybrid (a cross within a 

heterotic group). The four inbred lines consisted of two lines from the iodent heterotic group (CG60 and 

CG108) derived from the hybrid Pioneer 3902, and two lines from the Stiff Stalk heterotic group (CG65 

and CG102)(Lee et al., 2006; Lee et al., 2000; Lee et al., 2001a; Lee et al., 2001b). The sister-line used is a 

cross between the two iodent inbred lines mentioned previously (CG60 x CG108). The sister-line was 

used as a control for possible effects of heterosis. The four single-cross hybrids used were all crosses 

between inbred lines between the two heterotic groups (CG60 x CG65, CG60 x CG102, CG108 x CG65 

and CG108 x CG102). It should be noted that each genotype was considered a distinct experiment. 

Comparisons across genotypes were analyzed as pooled data from multiple experiments. 

2.2 Experimental Design 

Trials in the field were conducted over two growing seasons (2012 and 2013) at one location 

near  Guelph, Ontario Canada (43˚29’ N, 80˚18’ W, elevation 309 m). Treatments were applied to each 

genotype as a separate randomized complete block design with three treatments for ear initial 

development and five treatments for grain development. Treatments for ear initial development 

consisted of three plant population densities (37,000 plants ha-1, 74,000 plants ha-1 and 148,000 plants 

ha-1). The 37,000 plant ha-1 plots were initially planted at 74,000 plants ha-1 and subsequently thinned 

after emergence to ensure uniform spacing. Treatments were applied to 4-row plots with 0.76 m row 

spacing and measuring 3.2 m in length. Four replicate plots were planted for each of the three density 

treatments and each of the genotypes used. Two replicates were used for analysis of ear initial 

development and the remaining two replicates were used for analysis grain development. Ear initials 

were collected one week prior to silking from the replicates.  Collecting ear initials consisted of 
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dissecting ear initials from ten representative plants per plot and storing them in Karnovsky’s fixative to 

preserve developmental stage (Ruzin, 2000). During ear initial collection the plots planted at 74,000 

plants ha-1 and 148,000 plants ha-1 were systematically thinned to 37,000 plants ha-1 to create the two 

additional treatment groups for grain development. The additional treatments represent a conventional 

and high plant density ear initial development environment (74,000 and 148,000 plants ha-1 

respectively), but a low density grain filling period environment (37,000 plants ha-1) that eliminates 

competition for light.  Thus the five treatments for grain development are three continuous density 

treatments of 37,000, 74,000 and 148,000 plants ha-1 throughout the life cycle and two variable density 

treatments of 74,000 thinned to 37,000 and 148,000 thinned to 37,000 plants ha-1. The grain 

development replicates were harvested at maturity. Primary and secondary ears were hand harvested 

from ten competitive plants per plot.  Mature ears were dried prior to further analysis (Figure 1). 

Weather data from 2012 and 2013 crop year reports generated by the Ontario Corn Committee was also 

analyzed to observe differences between years. 

2.3 Phenotypic Analysis 

2.3.1 Ear Initial Analysis 

Traits measured on the ear initial replicates include: days to 50% anthesis, days to 50% silk 

emergence, leaf axil position of the primary ear, leaf number, the number of floret rows, the number of 

normal florets per row and the number of total florets per row. Floret rows were counted by hand for 

each ear initial under a magnifying glass. Ear initial traits were recorded from digital images taken of 

each harvested ear. Initials were stained using a mixture of 50 ml 90% ethanol with 2 ml glycerin and 5 

mg of basic fuschin (Bonnett, 1940) to enhance the contrast in digital images. Images were acquired 

using either a zoom trinocular microscope with a 90X magnification capacity (Cyber Scientific Inc., 

Kitchener Ontario, model V434B) connected to a three megapixel camera (Cyber Scientific Inc.,  
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Figure 2.1: (A) Field design for each year. All four hybrid (red) and all five inbred (blue) genotypes were 

planted in two replications randomly throughout each genotype section. Each box in figure A contains 

each of the density treatments used in this study planted twice (B). Ear initials from the first set of these 

plantings are harvested one week prior to silking. Low density treatment plots are then thrown out and 

mid and high density plots are thinned to a low density equivalent. This provides 5 density treatments 

for harvest at physiological maturity. 

A 
    

Hybrid Rep 2     

Hybrid Rep 1     

Inbred Rep 2      

Inbred Rep 1      

 

B 
   

 
1/2x 2x 1x 

Harvested one 
week prior to 

silking 
1x 1/2x 2x 

 

 

Harvested at 
physiological 

maturity 

1/2x 2x 1x 

1x -> 1/2x 1/2x 2x -> 1/2x 
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Kitchener, Ontario, model A1530) in 2012 (Appendix D Figure 1).  In 2013, an 11 megapixel DSLR camera 

(Canon EOS) mounted to a tripod and with a telephoto zoom lens (EF-S 55-250 mm f/4-5.6) was used. 

The number of normal florets and total florets per row were then quantified for three separate rows 

from ear initial images. 

Leaf axil position of the primary ear and total leaf number were determined by marking the fifth 

leaf of every plant with spray paint in a plot at approximately the V4 stage.  Total leaf number and leaf 

axil position of the primary ear were recorded at flowering time. Days to 50% anthesis was recorded as 

the number of days after planting required for 50% of plants in a plot to be shedding pollen.  Days to 

50% silking was the number of days after planting that 50% of plants had silks extruding from primary 

ears in a plot.  

2.3.2 Mature Ear Analysis 

Mature ears were characterized for the number of kernel rows, the number of kernels, and the 

total weight of the kernels on an ear.  Kernel row number was determined prior to shelling the ears by 

counting the number of rows at the midpoint of the ear.  The ears were individually shelled and kernel 

number was determined using an Agriculex electronic seed counter and the total weight of the shelled 

kernels was then measured. Kernel weight was reported as 100-kernel weight (g). In 2012, kernel weight 

was reported on a per plot basis, but in 2013, kernel weight was reported on a per plant basis. An 

estimate for the number of kernels per row was calculated by dividing kernel number by the number of 

kernel rows. It should be noted that primary and secondary ears were kept separate and traits were 

measured for both. 

2.4 Statistical Analysis 

Analysis of variance (ANOVA) was performed using Proc GLM in SAS (version 9.2) for each of the 

traits measured within a genotype using the following model: 

𝑌𝑖𝑗 = 𝜇 + 𝜏𝑖 + 𝑒𝑗 + 𝛾𝑖𝑗 + 𝜀𝑖𝑗  
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where Y represents the response variable (normal florets, total florets, floret rows, kernels per row, 

kernel rows or 100-kernel weight), µ represents the mean value common to all data points, τ represents 

the effect of density, e represents the effect of year, γ represents the interaction effect between density 

and year, and finally ε represents the error term in the model. 

 Data was pooled across years and genotypes and analyzed in PROC MIXED SAS (version 9.2). 

Year, genotype and density were all designated as fixed effects and random effects were replication 

nested within years and genotypes as well as year by genotype, year by density, genotype by density 

and year by genotype by density interactions. This mixed model was conducted using a Satterthwaite 

approximation to calculate degrees of freedom. 

 Fisher’s protected F-test was used to determine the nature of significant variation where it was 

observed within density treatments and years. Where significance was found (α = 0.05) in the ANOVAs, 

multiple means comparisons were conducted using the Tukey Kramer method. Analysis was performed 

to determine the nature of the variation found within the model in the hope of elucidating how year and 

density affected each of the traits listed above. Analysis across genotypes was also done using the above 

model and a Tukey Kramer adjustment to account for unplanned comparisons. 

 Kendall’s tau B correlation analysis was conducted to determine whether or not a linear 

association existed between raw normal floret, total floret and kernel per row data across years and 

densities. Analyses were conducted for each of the possible combinations between the three traits 

listed above. All analysis was conducted using PROC CORR in SAS (version 9.2). 

 Heterosis analysis was conducted to observe how ear development traits were affected by 

heterosis. T-tests (α = 0.05) were conducted to determine the significance of differences between mid-

parent values and hybrid means. In cases where differences were significant, percent mid-parent 

heterosis was calculated: 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡 ℎ𝑒𝑡𝑒𝑟𝑜𝑠𝑖𝑠 = (
𝐻𝑦𝑏𝑟𝑖𝑑 𝑉𝑎𝑙𝑢𝑒 − 𝑀𝑖𝑑𝑃𝑎𝑟𝑒𝑛𝑡 𝑉𝑎𝑙𝑢𝑒

𝑀𝑖𝑑𝑃𝑎𝑟𝑒𝑛𝑡 𝑉𝑎𝑙𝑢𝑒
) 𝑥 100 
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CHAPTER 3: RESULTS AND DISCUSSION 

Results have been divided into two distinct groups of traits, those that represent the 

establishment of sink potential (i.e., ear development) and those that represent the actual sink size (i.e., 

mature ear). Two different sets of genotypes were used in this study, inbred lines and single-cross 

hybrids.  Previous studies have shown that the expression of heterosis substantially alters the 

mechanisms underlying grain yield (Tollenaar and Lee, 2006; Echarte and Tollenaar, 2006), and so the 

results of inbred line analysis will be discussed separately from those of the single-cross hybrids. 

Weather data from the Ontario Corn Committee’s crop year reports indicated that 2012 experienced 

297 mm of rainfall from May through September and 3120 heat units, 2013 experienced 482 mm of 

rainfall from May through September and 2970 heat units (gocorn.net). It should also be noted that the 

2012 trial experienced a fairly severe hail storm just after silking. 

3.1 Ear Development 

3.1.1 Inbred Lines 

 Three ear initial traits (the number of normal florets, the total number of florets and the number 

of floret rows) and four plant traits (leaf number, leaf axil position of primary ear, days to 50% silking 

and days to 50% anthesis) were used to assess ear development. It was expected that density would 

consistently have significant effects on the number of normal florets and would not significantly affect 

the number of total florets across individual inbred lines. What was observed did not fit these 

expectations. Consistencies in response to density across individual inbred lines were not observed for 

any of the traits measured (Table 3.1). If we just look at stiff stalk inbreds however, there is a consistent 

effect on the number of normal florets due to density. It is also interesting to note that there is a 

significant year effect on all inbred lines for the number of total florets (Table 3.1) 
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Table 3.1: Summary of inbred genotype ANOVAs for number of total florets, number of normal florets, floret row number, kernels per row, 

kernel row number and 100-kernel weight. Individual ANOVAs are found in Appendix A. * denotes significant source of variation at p ≤ 0.05, ** 

denotes significant source of variation at p < 0.0001 and n.s. denotes not a significant source of variation. 

 

CG60 CG108 CG65 CG102 CG60 x CG108 

 

Density Year D x Y Density Year D x Y Density Year D x Y Density Year D x Y Density Year D x Y 

Number of total florets * ** * n.s. * n.s. * * n.s * ** * n.s. * * 

Number of normal florets ** n.s. * n.s. n.s. n.s. * ** * * n.s. n.s. n.s. n.s. * 

Floret rows * * n.s. n.s. n.s. n.s. * n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. 

Kernels per row ** * n.s. ** * ** ** n.s. n.s. * n.s. * * * n.s. 

Kernel rows ** n.s. n.s. n.s. * n.s. n.s. n.s. n.s. ** n.s. n.s. * n.s. n.s. 

100-Kernel weight n.s. n.s. n.s. * n.s. n.s. * ** n.s. n.s. n.s. n.s. ** ** n.s. 
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Means analysis of the ear development traits demonstrated deviations from expected trends. 

For example, the number of normal florets was expected to be negatively related to population density. 

This was not the case for pooled inbred data, where the number of normal florets was not affected by 

density or year (Table 3.2). The number of floret rows appeared to agree with the expected negative 

relationship trends in pooled inbred data however (Table 3.2). The number of total florets did not 

appear to be affected by density in pooled inbred means. This agrees with observations by Smith (2012) 

who noted that the number of total florets was not altered due to density or year effects in the same 

way that the number of normal florets was. Reductions in floret row number were significant with the 

large population size used in pooled inbred data but reductions from high to low density did not exceed 

one row.  

 Analysis of inbred data for plant traits demonstrated that the only consistent, significant year 

effect were on days to 50% anthesis and days to 50% silking (Table 3.3). This variation was observed as 

an increase in the number of days to 50% silking and to 50% anthesis from 2012 to 2013 data (table 3.4). 

These differences in flowering dates between years are likely due to temperature differences between 

the two years. It has been previously stated that increased temperature during the maize development 

shortens the interval between planting and ear initiation as well as the interval between ear initiation 

and flowering (Allison and Daynard, 1979).  

3.1.2 Single-Cross Hybrids 

 The three ear development traits were also examined in the single-cross hybrids. Individual 

genotype analysis revealed that the number of total florets and the number of normal florets 

demonstrated significant variation due to both density and year effects across all hybrid genotypes 

other than CG60 x CG102, where no significant variation due to density or year was observed for either 

ear initial trait (Figure 3.5). However, means analysis for the number of normal florets and the number 
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Table 3.2: Density and year multiple means comparisons of inbred data pooled across genotypes for number of total florets, number of normal 

florets, floret row number, kernels per row, kernel row number and 100-kernel weight.  Treatments for ear initial traits consisted of: 1/2x 

(37,000 plants ha-1), 1x (74,000 plants ha-1), and 2x (148,000 plants ha-1).  Two additional treatments were imposed for mature ear traits: 1x-1/2x 

(74,000 plants ha1 thinned to 37,000 plants ha-1 one week prior to silking) and 2x-1/2x (148,000 plants ha-1 thinned to 37,000 plants ha-1 one 

week prior to silking). Means with different letters indicate that the means are significantly different from one another at  = 0.05. 

Year Normal Florets Total Florets Floret Rows Kernel Rows Kernels per Row Kernel Weight 

2012 26.60 

 

34.54 

 

13.59 

 

13.33 

 

17.94 

 

25.87 

 2013 26.29 

 

37.40 

 

14.01 

 

13.39 

 

18.72 

 

22.77 

 Density 

            1/2x 24.68 

 

35.39 

 

13.97 a 13.84 a 19.40 

 

25.13 ab 

1x -> 1/2x 

      

13.50 ab 19.20 

 

27.54 a 

1x 27.90 

 

36.67 

 

14.02 a 13.52 ab 19.84 

 

24.07 ab 

2x -> 1/2x 

      

12.98 ab 16.78 

 

23.11 ab 

2x 26.76 

 

35.84 

 

13.41 b 12.96 b 16.43 

 

21.74 b 

 

 

 

 



 

21 
 

Table 3.3: Summary of inbred genotype ANOVAs for leaf axil position of the primary ear, leaf number, days to 50% anthesis and days to 50% 

silking. Individual ANOVAs are found in Appendix A. * denotes significant source of variation at p ≤ 0.05, ** denotes significant source of 

variation at p < 0.0001 and n.s. denotes not a significant source of variation. 

 

CG60 CG108 CG65 CG102 CG60 x CG108 

 

Density Year D x Y Density Year D x Y Density Year D x Y Density Year D x Y Density Year D x Y 

Position of the primary ear * n.s. * n.s. n.s. n.s. * ** * n.s. ** n.s. n.s. n.s. n.s. 

Leaf number * n.s. * * n.s. n.s. n.s. n.s. * n.s. ** n.s. ** ** * 

Days to 50% silking  n.s. ** n.s. n.s. * n.s. * ** n.s. n.s. * n.s. * ** n.s. 

Days to 50% anthesis  * ** n.s. n.s. * n.s. * * n.s. * * n.s. * * n.s. 
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Table 3.4: Density and year multiple means comparisons of inbred data pooled across genotypes for leaf axil position of the primary ear, leaf 

number days to 50% silking and days to 50% anthesis.  Treatments consisted of: 1/2x (37,000 plants ha-1), 1x (74,000 plants ha-1), and 2x 

(148,000 plants ha-1).  Means with different letters indicate that the means are significantly different from one another at  = 0.05. 

Year  Density Ear Position (no.) Leaf Number (no.) Days to 50% silking (days) Days to 50% anthesis (days) 

2012 

 

11.25 

 

16.58 

 

66.52 b 67.98 b 

2013 

 

11.43 

 

16.80 

 

70.63 a 70.46 a 

          

 

1/2x 11.21 

 

16.65 

 

67.90 

 

68.21 

 

 

1x 11.46 

 

16.88 

 

68.75 

 

69.38 

 

 

2x 11.34 

 

16.55 

 

69.06 

 

70.06 
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Table 3.5: Summary of hybrid genotype ANOVAs for number of total florets, number of normal florets, floret row number, kernels per row, 

kernel row number and 100-kernel weight.  Individual ANOVAs are found in Appendix B.  * denotes significant source of variation at p < 0.05, ** 

denotes significant source of variation at p < 0.0001, and n.s. denotes not a significant source of variation. 

 

CG60 x CG65 CG60 x CG102 CG108 x CG65 CG108 x CG102 

 

Density Year D x Y Density Year D x Y Density Year D x Y Density Year D x Y 

Number of total florets ** ** ** n.s. n.s. n.s. * ** n.s. ** ** n.s. 

Number of normal florets ** * ** n.s. n.s. n.s. * ** n.s. ** * * 

Floret rows n.s. * n.s * ** * n.s. n.s. n.s. n.s. n.s. n.s. 

Kernels per row ** ** * ** * * ** n.s. n.s. ** n.s. * 

Kernel rows n.s. * n.s * n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. 

100-Kernel weight ** * n.s * n.s. n.s. ** * n.s. ** ** n.s. 
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of total florets demonstrated that their responses to density and year effects were not consistent across 

genotypes. For some genotypes, higher normal and total floret numbers were observed in 2012, while 

for other genotypes higher normal and total floret numbers were observed in 2013 (Appendix A Table 

27).  Means analysis of this data revealed that density effects did not appear to affect the number of 

normal or total florets. This was expected for the number of total florets but not for the number of 

normal florets. Density responses for the number of total florets directly contradicted observations 

made by Smith (2012), where the number of total florets was not affected in any way by density. Floret 

row number data for hybrid genotypes responded similarly to inbreds: significant differences were 

found but differences did not exceed one floret row and are therefore not particularly biologically 

meaningful (Table 3.6). All observations made on ear initial traits for hybrid genotypes demonstrate that 

responses to year and density effects were not as neat or as simple as previously outlined in Smith 

(2012), suggesting that further study is required to determine the nature of relationships between floret 

development and year as well as density effects. 

Analysis of plant traits when hybrid genotypes were pooled revealed that the number of days to 50% 

silking and days to 50% anthesis demonstrated significant variation due to density effects consistently 

across genotypes (Table 3.7). Means analysis of these traits demonstrated that 2013 numbers were later 

than 2012 numbers and high densities produced later dates than low densities across genotypes (Table 

3.8). Individual genotype analysis for ear position and leaf number data demonstrated inconsistent 

trends across genotypes. Days to 50% silking and days to 50% anthesis however, agreed with the 

previously described trends of later dates in high densities and 2013 data relative to low densities and 

2012 data (Appendix A Table 44 and 45). These trends mirror year effect responses in the number of 

total florets as well as the number of kernels per row. Much like the inbred data this may suggest an 

association between floret/kernel development and flowering time due to year effects. Density effects 



 

25 
 

Table 3.6: Density and year multiple means comparisons of hybrid data pooled across genotypes for number of total florets, number of normal 

florets, floret row number, kernels per row, kernel row number and 100-kernel weight.  Treatments for ear initial traits consisted of: 1/2x 

(37,000 plants ha-1), 1x (74,000 plants ha-1), and 2x (148,000 plants ha-1).  Two additional treatments were imposed for mature ear traits: 1x-1/2x 

(74,000 plants ha1 thinned to 37,000 plants ha-1 one week prior to silking) and 2x-1/2x (148,000 plants ha-1 thinned to 37,000 plants ha-1 one 

week prior to silking). Means with different letters indicate that the means are significantly different from one another at  = 0.05. 

Year Normal Florets Total Florets Floret Rows Kernel Rows Kernels per Row Kernel Weight 

2012 32.67 

 

41.78 

 

13.92 

 

13.83 

 

30.89 

 

30.99 a 

2013 32.38 

 

43.18 

 

14.03 

 

13.80 

 

32.77 

 

27.60 b 

Density 

            1/2x 33.57 

 

42.89 

 

14.27 a 14.22 

 

35.24 a 33.02 a 

1x -> 1/2x 

      

13.89 

 

33.03 ab 31.52 a 

1x 32.67 

 

43.03 

 

13.85 b 13.96 

 

34.38 a 29.99 a 

2x -> 1/2x 

      

13.66 

 

29.30 ab 27.85 ab 

2x 31.33 

 

41.53 

 

13.81 b 13.35 

 

27.21 b 24.09 b 
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Table 3.7: Summary of hybrid genotype ANOVAs for leaf axil position of the primary ear, leaf number, days to 50% anthesis and days to 50% 

silking.  Individual ANOVAs are found in Appendix A.  * denotes significant source of variation at p < 0.05, ** denotes significant source of 

variation at p < 0.0001, and n.s. denotes not a significant source of variation. 

 

CG60 x CG65 CG60 x CG102 CG108 x CG65 CG108 x CG102 

 

Density Year D x Y Density Year D x Y Density Year D x Y Density Year D x Y 

Position of the primary ear n.s. n.s. n.s. n.s. * n.s. * * * n.s. n.s. n.s. 

Leaf number n.s. n.s. * n.s. n.s. n.s. ** * n.s. * * n.s. 

Days to 50% silking * * n.s. * * n.s. * * n.s. n.s. * n.s. 

Days to 50% anthesis * n.s. n.s. * n.s. n.s. * * n.s. * * * 
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Table 3.8: Multiple means comparisons for pooled hybrid data across genotypes, displaying differences between densities (1/2x: 37,000 plants 

ha-1, 1x: 74,000 plants ha-1, 1x-1/2x: 74,000 plants ha1 thinned to 37,000 plants ha-1 one week prior to silking, 2x: 148,000 plants ha-1, 2x-1/2x: 

148,000 plants ha-1 thinned to 37,000 plants ha-1 one week prior to silking) and years. Letters indicate differences between means within traits 

and across densities and years respectively. 

  

 

Ear Position Leaf Number Days to 50% Silking Days to 50% Anthesis 

Year          

2012 

 

11.52 

 

16.93 

 

64.79 b 66.21 b 

2013 

 

11.55 

 

16.96 

 

67.08 a 67.00 a 

          

Density          

1/2x  11.52 

 

17.03 

 

65.25 b 65.44 c 

1x  11.54 

 

16.98 

 

65.63 b 66.31 b 

2x  11.55 

 

16.83 

 

66.94 a 68.06 a 
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in hybrids, however, opposed this association demonstrating lower numbers for kernels per row at 

higher densities and later flowering dates. 

Year effects on these plant traits involved later flowering dates for 2013 relative to 2012 (table 

3.8). The earlier flowering dates observed in 2012 are likely due to more heat units being experienced 

during this year as temperature prior to flowering has a direct effect on flowering time (Allison and 

Daynard, 1979). However as there were no consistent responses to year effects in ear initial traits this 

experiment does not appear to have any evidence to associate the higher temperatures during 2012 

with ear initial development. 

3.2 Mature Ear Traits 

3.2.1 Inbred Lines 

 Three traits were used to assess physiologically mature ears (kernels per row, kernel row 

number and 100-kernel weight). Individual genotype analysis revealed that the number of kernels per 

row showed variation due to density effects consistently in inbred genotypes (Table 3.1). Variation due 

to year effects were not observed consistently but the number of kernel rows and 100-kernel weight 

both consistently demonstrated no variation due to interaction effects (Table 3.1) 

Mature ear traits agreed with the expected density response trends, of decreases in value as 

density increased and reversion of values towards low density values upon thinning, more closely than 

ear initial traits. Analysis of individual genotype means for mature ear traits revealed that all three traits 

appeared to decrease as density increased (Appendix A Tables 21-22). Year effects on the number of 

kernels per row and 100-kernel weight opposed each other as there appeared to be more kernels per 

row in 2013 than 2012 and a higher 100-kernel weight in 2012 than 2013 (Appendix A Table 26.). The 

year effects observed could have been in part due to the weather differences between the two years. In 

2013 there was more rainfall and 2012 experienced more heat units, this could suggest that a year with 
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more heat units could produce higher kernel weights, an assertion that is also corroborated by prior 

work (Jones et al., 1981). Results from this study also suggest a possible association between kernel 

weight and flowering time as they both responded to the differences between years in a similar fashion. 

The differences in weight however could have been influenced by earlier flowering dates by affording a 

longer grain filling period and thus allowing more dry matter to be partitioned into the grain. This 

opposition in values could suggest that environmental differences year to year force the plant to 

compensate their total carbon allocation in different ways to produce similar yields.  

Much like floret row number data, kernel row number data did not exhibit a reduction of more 

than one row due to density or year effects. Responses to density treatments however, yielded slightly 

more variable results. Kernel row number means were significantly higher in plants grown in low density 

treatments relative to plants grown in high density treatments. These decreases in kernel row number 

observed, appeared to occur during early development of the ear, as kernel row number means from 

plants grown initially at high density and then thinned did not show a significant increase relative to 

plants consistently grown at high densities. This suggests row number is set early in development as the 

inflorescence meristem begins to produce spikelet pair meristems. Kernel row number may be a trait 

that is sink limited rather than source limited and that possible yield limitations caused by row number 

would come about because of an inability to develop the ear initial to its full potential rather than 

limitations in filling the ear. Limited variation in row number means in this study suggests that there is 

very little genotypic variation within the inbreds tested for this trait. 

3.2.2 Single-Cross Hybrids 

 The three mature ear traits were also assessed in single-cross hybrid genotypes. Individual 

genotype analysis revealed that year and density interactions were consistently not significant for kernel 

row number and 100-kernel weight data (Table 3.5). Kernel per row data consistently demonstrated 
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variation due to density and interaction effects (Table 3.5). Similar to the inbred lines, analysis of 

individual hybrid genotypes revealed that mature ear trait responses to density generally appeared to 

agree with the expected negative relationship, as plants grown at low densities produced significantly 

higher means than those grown at high densities (Appendix A Tables 24, 25). Analyses of pooled hybrid 

genotypes for mature ear traits also demonstrated this reduction as density increased (Table 3.6). 

Contrary to what was observed in the inbred lines, all single-cross hybrids exhibited an increase in 

kernels per row and 100-kernel weight  from un-thinned high density treatments to high density 

treatments thinned to low density 1 week prior to silking (Appendix A Tables 24, 25). Similar to inbred 

data, hybrid data also demonstrated opposing responses to year effects in the number of kernels per 

row and 100-kernel weight  again demonstrating the link between heat units and kernel weight. 

Density induced yield limitations are known to be caused, in part, by altering ear characteristics 

(Bavec and Bavec, 2002). If these limitations are only marginally caused by limitations in radial ear 

growth, as observed in this study, then limitations due to lateral growth must make up the majority of 

density induced variability. This would mean that the number of kernels or florets in a given row would 

demonstrate considerable variation due to density. Results of this study lend credence to this line of 

thinking and demonstrate that the number of kernels per row appear to be negatively affected by 

density (Appendix A Table 24). The number of kernels per row is also affected by density both pre and 

post fertilization. Plants initially grown at high density and subsequently thinned to low density develop 

more kernels per row than plants grown at high density consistently throughout their life cycle, but still 

less than those grown consistently at low density. This suggests that there are both source and sink 

limitations for the number of kernels per row. It should be noted that quantification of source and sink 

relationships in this sense are not exact. Thinned plots provide insight into source and sink relationships, 

but overall plant fitness in thinned plots appears to be diminished relative to plants consistently grown 

at low densities. This disparity could affect source contributions to grain fill in thinned plots, which could 
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in turn provide false evidence to support differences in sink strength between thinned and low density 

treatments. Also note that hybrids containing CG60 demonstrated no difference between high density 

and thinned treatments (Appendix A Table 26). This suggests that hybrids containing CG60 are not as 

good at converting apparent sink strength to kernels per row as other hybrids. 

Of all traits collected in this study the most consistent in response to density treatments was 

100-kernel weight. This agrees with findings from Bavec and Bavec, (2002) where they noted a marked 

reduction in the weight of 1000 kernels as density was increased. In this study, analysis across genotypes 

revealed that 100-kernel weight agreed with these expected density trends.  Kernel weight response to 

thinned treatments, however, did not revert towards low density treatment values as readily as 

expected (Appendix A Tables 24, 25). Borras and Otegui, (2001) asserted that kernel weight potential 

was not affected by environmental factors prior to fertilization. If this were true, 100-kernel weight in 

thinned density treatments would mirror 100-kernel weight response in plants grown at low density 

throughout development. This study demonstrated that 100-kernel weight was lower in treatments 

grown at high density and subsequently thinned relative to plants grown consistently at low density 

(Appendix A Tables 24, 25). This suggests that plants grown at high density do not have the same 

potential to fill grain as plants grown at low density at the time of fertilization. This response is likely due 

to an overall reduction in fitness of plants grown at high density relative to plants grown at low density 

rather than hindrances to floret development that would diminish kernel weight (Bavec and Bavec, 

2002). Note that hybrids containing CG102 demonstrated no difference between high density 

treatments and thinned treatments, meaning that CG102 hybrids are likely less capable of filling grain 

after thinning than other hybrids (Appendix A Tables 24, 25). It is important to note that these 

observations do not take into account very detailed quantification of vegetative plant fitness at the time 

of fertilization. This would provide a better understanding of how source and sink relationships are 
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altered by density treatments. Kernel row number data for single-cross hybrids was similar to inbreds in 

that it demonstrated little variation; this is to be discussed later with respect to heterosis. 

3.3 Ear Initial vs. Mature Ear Traits 

Kernels per row, normal floret and total floret means across all densities in both the inbreds and hybrids 

revealed that total floret number was consistently higher than both kernels per row and normal florets 

(Figure 3.1). The relationship between number of kernels per row and the number of normal florets per 

row differed between inbreds and hybrids. In hybrids, kernel number per row and number of normal 

florets were not significantly different, while in inbreds the number normal florets was significantly 

more abundant than the number of kernels per row (Figure 3.1). Analysis of how these traits were 

affected by density in hybrid genotypes revealed that only high density treatments demonstrated 

significant differences between the number of kernels per row and the number of normal florets (Figure 

3.2). However, when competition during the grain filling period was accounted for there was no 

significant difference. This suggests that a possible association between the number of kernels per row 

and the number of normal florets held true across densities and that kernel abortion during the grain 

filling period, in part, accounts for differences between the number of kernels per row and the number 

of normal florets at high densities across genotypes used. Correlations for the number of kernels per 

row and the number of normal florets across genotypes and densities however, did not fit the expected 

linear function (Appendix B Table 1). This suggests that we do not have a complete picture that would 

explain kernels per row and normal floret relationships with density. Kernels per row and normal floret 

relationships become even more complicated when observed within genotypes.  All hybrid genotypes in 

this study demonstrated significant variation due to density for kernels per row but only two 

demonstrated variation due to density in normal florets (Table 3.5). Trends of deviation and adherence 

to the expected response to density were both observed in means analysis of individual genotypes  
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Figure 3.1: Mean number of kernels per row, normal florets and total florets per row pooled across the 

1/2x, 1x and 2x densities. (A) Pooled across inbred lines and (B) pooled across hybrid lines. Letters above 

bars denote significant differences between means at α = 0.05. 
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` 

Figure 3.2: Mean number of kernels, normal florets, and total florets per row pooled across genotypes 

and years. Letters above bars denote significant differences between means at α = 0.05. (A) 

Comparisons of un-thinned treatments (B) Comparisons of thinned treatments. 
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(Appendix A Tables 21-25). Variability of response among individual genotypes suggests a considerable 

amount of genotypic diversity for floret development traits. Hybrid genotype response to density 

appeared to agree with the expected negative relationship for these floret traits, suggesting that 

response to density is, in a very general sense predictable for kernel number and floret development 

traits. 

Variation due to year observed in this study was inconclusive in individual genotype analysis. 

Pooled analyses of hybrid and inbred genotypes demonstrated that year effects did not alter the 

number of normal florets but exhibited significant differences between years for total florets. This 

suggests that year affects floret development differently than density treatments, as density treatments 

have more of an effect on the number of normal florets than the number of total florets. The number of 

kernels per row and 100-kernel weight were both significantly affected by year effects as well, 

suggesting that year affects these traits much like density. Without quantification of environmental 

differences and weather conditions year to year, however, there is little to say beyond that.  

Results of this study have demonstrated that floret development and kernel formation are 

complex processes that do not always respond to applied stresses in predictable ways. The negative 

correlation between density effects and kernel number is well documented (Borras et al., 2003a). This 

study attempted to apply that relationship to floret development under the assumption that floret 

development traits are correlated with kernel number (Smith et al., 2012). What I found during this 

study was that floret development traits were not consistently and predictably associated with kernels 

per row. The number of kernels per row and the number of normal florets appear to be related to each 

other but the nature of this relationship is unclear and requires further study. 

 

 



 

36 
 

3.4 Heterosis 

3.4.1 Ear Development 

Comparisons of ear initial traits between inbred and hybrid genotypes in this study yielded 

predictable results; normal floret values for hybrids were consistently significantly higher than the 

average values of their parental genotypes (mid-parent). Heterosis values for each hybrid and the sister 

line were calculated with values ranging from 115-130% more than their mid-parent averages (Table 

3.9). Total floret values also demonstrated similarly consistent heterosis trends, with values ranging 

from 111-126% more than their mid-parent averages (Table 3.9). The results of this study mirror 

conclusions drawn by Echarte and Tollenaar, (2006); who stated that inbred lines face impediments to 

floret development. This also provides further legitimacy for separating single-cross hybrid and inbred 

traits within this study. 

3.4.2 Mature Ear Traits 

Mid-parent heterosis analysis on kernels per row and 100-kernel weight demonstrated 

significant heterosis in all hybrid genotypes ranging from 167-183% and 110-135% respectively (Table 

3.9). Sister line heterosis for kernels per row was also significant with a value of 135%. One hundred 

kernel weight on the other hand did not demonstrate significant heterosis in the sister line. Significant 

heterosis for both kernels per row and 100-kernel weight are not surprising as they are the major 

components of grain yield and yield increases due to heterosis are well documented (Lee and Tollenaar, 

2007). Kernel row number heterosis values appeared lower than in other traits ranging from 102-109%, 

and were often not significant (Table 3.9). Little variation in kernel row number due to heterosis is not 

surprising because of the limited genetic variation within maize populations for kernel row number (Lu 

et al., 2011, Upadyayula et al., 2006). This data suggests that increases in yield due to heterosis are 

caused by heterosis for kernels per row as well as 100-kernel weight but not kernel row number. 
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Table 3.9:  Mid-parent heterosis (%) observed for ear initial and mature ear traits pooled across 
densities and years.  Hybrid combinations where significant heterosis was not observed are denoted by 

n.s., otherwise the hybrid mean was significantly different from the mid-parent value at  = 0.05. 

Hybrid 

Total florets 

(%) 

Normal florets 

(%) 

Kernels per row 

(%) 

Kernel rows 

(%) 

100-kernel weight 

(%) 

      
CG60 x CG108 115 116 125 97 n.s. 

CG60 x CG65 116 119 166 n.s. 135 

CG60 x CG102 111 115 171 109 109 

CG108 x CG65 125 130 166 n.s. 131 

CG108 x CG102 120 129 183 102 110 
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3.5 Conclusions 

This study was conducted to determine whether or not the development of female florets is 

related to final kernel number. Studies initially conducted by Smith (2012) demonstrated that the 

number of total florets was significantly higher than both the number of kernels and the number of 

normal florets. Using a larger sample size this study has been able to confirm that in the hybrid 

genotypes used there is no significant difference between kernels per row and normal florets across 

genotypes and densities (Figure 3.2). Correlation analysis, however, demonstrated that the relationship 

between the number of kernels per row and the number of normal florets per row does not fit the 

expected linear correlation across densities. This suggests that there are factors involved in the 

relationship between florets and kernels that were not considered in this study. Inbred lines used in this 

study demonstrated significantly lower kernels per row than normal florets. This is likely due to 

previously established problems that inbred lines have in developing source strength (Echarte and 

Tollenaar, 2006). 

Current kernel number prediction models estimate sink strength based on pollen shed data 

(Lizaso et al., 2003; Lizaso et al., 2007). Results of this study suggest that the number of viable florets 

that develop on an ear is complex and unpredictable but is associated in some way with kernel number. 

The association is not concrete, nor is it predictable, but it is apparent and therefore should be explored 

further as a means to find a more accurate predictor of sink strength than is currently used in prediction 

models. 

 Discrepancies observed between total floret and kernel numbers have produced a number of 

theories to explain low fertilization rates in the distal portion of maize ears. Data from this study suggest 

that floret morphology one week prior to silking does not explain the entire picture of floret 

development and fertilization. Results from this study do, however, suggest that the association 
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between kernels and florets can possibly be explained by a broader range of traits than initially 

expected. A study that involves floret morphology and assimilate partitioning during the grain filling 

period in tandem might be able to provide a better explanation of kernel and floret associations. 

 Kernel weight data from this study suggest that 100-kernel weight is affected by environmental 

conditions both pre and post fertilization. This means that, contrary to prior findings, source and sink 

components are both important in 100-kernel weight determination (Borras and Otegui, 2001). Further 

study is required to determine how exactly pre-fertilization factors affect 100-kernel weight 

determination. It is likely that hindrances to vegetative development before fertilization are the cause of 

apparent reductions in 100-kernel weight when competition during the grain fill period is controlled for, 

but further study is required to substantiate these claims and rule out the possibility of floret 

development factors being the cause of a reduction in potential 100-kernel weight pre-fertilization. 
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CHAPTER 4: FUTURE DIRECTIONS FOR STUDY 

4.1. Floret Development 

4.1.1. Kernels per Row 

 This study attempted to elucidate some of the intricacies of floret development and how they 

relate to grain yield. This was done by attempting to relate floret morphology one week prior to silking 

to kernel number at harvest. Viability of florets was assumed based on visual assessment of morphology 

established in Smith, (2012). Relationships between floret morphology and kernel number were not 

conclusive in this study, this could be because the method of determining viability of florets was not 

accurate. Further studies in this vein could attempt to determine the viability of florets in the distal 

portions of the ears with more accuracy using more intensive approaches.  

There are a number of different stains used in microscopy that could be used to ascertain the 

status of cells during this period: Ethidum bromide is a stain used to colour cells that are undergoing 

apoptosis, fluorescein diacetate-propidium iodide stains can also be used to determine cell viability 

(Abdel-Rahman et al., 1975; Jones and Senft, 1985). Insight gained through the incorporation of these 

stains into current visual assessment techniques could provide more insight into the general condition of 

cells in the apical portions of ears and thus provide a better idea of the condition of florets in that 

region. 

However, determining whether or not florets have developed the necessary seven-celled, eight-

nucleate embryo sac required for fertilization is the key to determining the actual viability of florets. 

Intensive cytological studies could be done by observing the embryos of florets around one week prior 

to silking to determine if there is any correlation between the stage of development of embryos and 

floret morphology. This method could provide more accurate visual assessment guidelines for future 

studies. 
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Many of the genes that control the production of the seven-celled, eight-nucleate embryo sac in 

Arabidopsis have been identified (Yang et al., 2010). Assaying florets in the apical portions of developing 

ears for the products of genes specific to flowering like SPOROCYTELESS (implicated in controlling 

germline cell fate) and GAMETEEXPRESSED3 (GEX3) (expressed specifically in egg and pollen gamete 

cells) during the critical stage bracketing silking could provide a concrete idea as to the stage of 

development of the seven-celled, eight-nucleate embryo sac for specific florets on an ear as well 

(Alandete et al., 2008; Schiefthaler et al., 1999). This type of analysis would require a large amount of 

work much like the previous method suggested. To this end both of these methods would be best 

utilized as means to produce more accurate visual assessment guides for a larger scale study on embryo 

development and its relation to kernel number at harvest. 

4.1.2 Kernel Weight 

 Kernel weight data from this study cast some doubt on previously held assumptions about how 

kernel weight potential is determined during the vegetative phases of plant growth (Borras and Otegui 

2001). The impact of the environment on the grain fill period is well documented, but pre fertilization 

environmental effects have not been studied as extensively. Using traits traditionally used for assessing 

kernel set, such as PGR during a period bracketing silking to assess effects on kernel weight 

determination could provide some insight as to how kernel weight is affected by pre-fertilization 

environmental effects (Lizaso et al., 2007).  

4.2. Kernel Number Prediction Models 

 Using the techniques described above there would be a potential to develop new parameters to 

be added to kernel number prediction models using floret morphology data. It would not initially be 

particularly useful to be adding obscure and difficult-to-collect parameters to models. However, if one of 

these techniques led to a more efficient visual assessment technique for floret development, it is 
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possible that a more accurate model could be derived that would incorporate floret development as a 

parameter to help estimate kernel set or sink strength. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

43 
 

REFERENCES: 

Abdel-Rahman, A., El-Hamalawi, J., Thompson, S. and Barker, G.R. 1975. The Fluorometric 
Determination of Nucleic Acids in Pea Seeds by Use of Ethidium Bromide Complexes. Anal. Biochem. 
67: 384-391. 

Alandete-Saez, M., M. Ron, and S. McCormick. 2008. GEX3, Expressed in the Male Gametophyte and in 
the Egg Cell of Arabidopsis thaliana, is Essential for Micropylar Pollen Tube Guidance and Plays a Role 
During Early Embryogenesis. Mol. Plant. 1(4): 586-598. 

Allison, J.C.S. and T.B. Daynard. 1979. Effect of Change in Time of Flowering, Induced by Altering 
Photoperiod or Temperature, on Attributes Related to Yield in Maize. Crop Sci. 19: 1-4. 

Andrade, F.H., M.E. Otegui, and C. Vega. 2000. Intercepted Radiation at Flowering and Kernel Number in 
Maize. Agron. J. 92:92-97. 

Andrade, F.H., C. Vega, S. Uhart. A. Cirilo, M. Cantarero and O. Valentinuz. 1999. Kernel Number 
Determination in Maize. Crop Sci. 39:453-459. 

Bassetti, P. and M.E. Westgate. 1994. Floral Asynchrony and Kernel Set in Maize Quantified by Image 
Analysis. Agron. J. 86:699-703. 

Bavec, F. and M. Bavec. 2002. Effects of Plant Population on Leaf Area Index. Cob Characteristics and 
Grain Yield of Early Maturing Maize Cultivars (FAO 100-400). Eur. J. Agron.. 16:151-159. 

Bensen, R.J., G.S. Johal, V.C. Crane, J.T. Tossberg, P.S. Schnable, R.B. Meeley and S.P. Briggs. 1995. 
Cloning and Characterization of the Maize An1 Gene. Plant Cell. 7:75-84. 

Benkova, E., M. Michniewicz, M. Sauer, T. Teichmann, D. Seifertova, G. Jurgens and J. Friml. 2003. Local, 
Efflux-Dependent Auxin Gradients as a Common Module for Plant Organ Formation. Cell. 115:591-
602. 

Bewley J.D., K.J. Bradford, H.W.K Hilhorst, and H. Nonogaki. 2013. Seeds: Physiology of Development, 
Germination and Dormancy. Springer, New York. 

Blommert, P., N. Satoh-Nagasawa and D. Jackson. 2013. Quantitative Variation in Maize Kernel Row 
Number is Controlled by the FASCIATED EAR2 Locus. Nature. 45(3):334-338. 

Blommert, P., N. Satoh-Nagasawa, D. Jackson and H.Y. Hirano. 2005. Genetics and Evolution of 
Inflorescence and Flower Development in Grasses. Plant Cell Physiol. 46:69-78. 

Bonnett, O.T. 1940. Development of the Staminate and Pistilate Inflorescences of Sweet Corn. J. Agric. 
Res. 60: 25-37. 

Borras, L., G.A. Maddonni and M.E. Otegui. 2003a. Leaf Senescence in Maize Hybrids: Plant Population, 
Row Spacing and Kernel Set Effects. Field Crops Res. 82:13-26. 

Borras, L. and M.E. Otegui. 2001. Maize Kernel Weight Response to Postflowering Source-Sink Ratio. 
Crop Sci. 49:1816-1822. 



 

44 
 

Borras, L. and M.E. Westgate. 2006. Predicting Maize Kernel Sink Capacity Early in Development. Field 
Crops Res. 95:223-233. 

Borras, L., M.E. Westgate and M.E. Otegui. 2003b. Control of Kernel Weight and Kernel Water Relations 
by Post-Flowering Source-Sink Ratio in Maize. Ann. Bot. 91:857-867. 

Bowman, J.C. 1972. Genotype x Environment Interactions. Ann. Genet. Sel. Anim. 4(1): 117-123. 

Brooking, I.R. 1990. Maize Ear Moisture During Grain-Filling, and its Relation to Physiological Maturity 
and Grain Drying. Field Crops Res. 23:55-68. 

Cheng, P.C., R.I. Greyson and D.B. Walden. 1983. Organ Initiation and the Development of Unisexual 
Flowers in the Tassel and Ear of Zea mays. Am. J. Bot. 3:450-462. 

Chuck, G., R. Meeley, E. Irish, H. Sakai and S. Hake. 2007. The Maize tasselseed4 micro RNA Controls Sex 
Determination and Meristem Cell Fate by Targeting Tasselseed6/indeterminate spikelet1. Nat. Genet. 
39:1517-1521. 

Dudley, J.W. and R.H. Moll. 1969. Interpretation and Use of Estimates of Heritability and Genetic 
Variances in Plant Breeding. Crop Sci. 9:257-262. 

Duvick, D.N. 1999. Heterosis: Feeding and Protecting Natural Resources. In: Coors, J.G., Pandey, S. (Eds.). 
The Genetics and Exploitation of Heterosis in Crops. ASSA/CSSA/SSSA, Madison WI, pp. 19-29. 

Echarte, L., F.H. Andrade, C. Vega, and M. Tollenaar. 2004. Kernel Number Determination in Argentinian 
Maize Hybrids Released Between 1965 and 1993. Crop Sci. 44:1654-1661. 

Echarte, L. and M. Tollenaar. 2006. Kernel Set in Maize Hybrids and Their Inbred Lines Exposed to Stress. 
Crop Sci. 46:870-878. 

Esau, K. 1977. Anatomy of Seed Plants. In: Anonymous, ed. New York, Toronto, London; Wiley. 

Huang, B.-Q. and W.F. Sheridan. 1994. Female Gametophyte Development in Maize: Microtubular 
Organization and Embryo Sac Polarity. Plant Cell. 6:845-861. 

Jacobs, B.C. and C.J. Pearson. 1991. Potential Yield of Maize, Determined by Rates of Growth and 
Development of Ears. Field Crops Res. 27:281-289. 

Jones, C.A. and J.R. Kiniry. 1986. CERES-Maize: A Simulation Model of Maize Growth and Development. 
College Station, Texas: Texas A&M University Press. 

Jones, K.H. and J.A.Sneft. 1985. An Improved Method to Determine Cell Viability by Simultaneous 
Staining with Fluorescein Diacetate-Propidium Iodide. J. Histochem. Cytochem. 33:77-79. 

Jones, R.J., B.G. Gengenbach and V.B. Cardwell. 1981. Temperature Effects on in vitro Kernel 
Development of Maize. Crop Sci. 21: 761-766. 

Kang, M.S. and D.P. Gorman. 1989. Genotype X Environment Interaction in Maize. Agron. J. 81:662-664.  

Kaplinsky, N.J. and M. Freeling. 2003. Combinational Control of Meristem Identity in Maize 
Inflorescences. Development. 130:1149-1158. 



 

45 
 

Kiniry, J.R. and D.P. Knievel. 1995. Response of Maize Seed Number to Solar Radiation Intercepted Soon 
After Anthesis. Agron. J. 87:228-234. 

Lee, D.Y., J. Lee, S. Moon, S.Y. Park and G. An. 2007. The Rice Heterochronic Gene Supernumerary Bract 
Regulates the Transition From Spikelet Meristem to Floral Meristem. Plant J. 49:64-78. 

Lee, E.A., R. Chakravarty, B. Good, M.J. Ash and L.W. Kannenberg. 2006. Registration of 38 Maize (Zea 
mays L.) Breeding Populations Adapted to Short-Season Environments. Crop Sci. 46:2728-2733. 

Lee, E.A., B. Good, R. Chakravarty and L.W. Kannenberg. 2000. CG 108 Corn Inbred Line. C. J. Plant Sci. 
81:817-818. 

Lee, E.A., B. Good, R. Chakravarty and L.W. Kannenberg. 2001a. Corn Inbred Line CG102. Can. J. Plant 
Sci. 81:455-456. 

Lee, E.A., B. Good, R. Chakravarty and L.W. Kannenberg. 2001b. Corn Inbred Lines CG60 and CG62. Can. 
J. Plant Sci. 81:453-454 

Lee, E.A. and M.A. Tollenaar. 2007. Physiological Basis of Successful Breeding Strategies for Maize Grain 
Yield. Crop Sci. 47:202-215.43: 2018-2027. 

Lemcoff, J.H. and R.S. Loomis. 1994. Nitrogen and Density Influences on Silk Emergence, Endosperm 
Development and Grain Yield in Maize (Zea maize L.). Field Crops Res. 38:63-72. 

Lizaso, J.I., W.D. Batchelor and S.S. Adams. 2001. Alternate Approach to Improve Kernel Number 
Calculation CERES-Maize. ASAE. 44:1011-1018. 

Lizaso, J.I., A.E. Fonseca and M.E. Westgate. 2007. Simulating Source-Limited and Sink-Limited Kernel Set 
With CERES-Maize. Crop Sci. 47:2078-2088. 

Lizaso, J.I., M.E. Westgate, W.D. Batchelor and A.E. Fonseca. 2003. Predicting Potential Kernel Set in 
Maize from Simple Flowering Characteristics. Crop Sci. 43:892-903. 

Long, S.P., X. Zhu, S.L. Naidu and D.R. Ort. 2006. Can Improvement in Photosynthesis Increase Crop 
Yields? Plant Cell Environ. 29:315-330. 

Lu, M., Q.X. Xie, X.H. Li, Z.F. Hao, M.S. Li, J.F. Weng, D.G. Zhang, L. Bai and S.H. Zhang. 2011. Mapping of 
Quantitative Trait Loci fort Kernel Row Number in Maize Across Seven Different Environments. Mol. 
Breeding. 28:143-152 

Monteith, J.L. 1977. Climate and the Efficiency of Crop Production in Brittan. Philos. Trans. R. Soc. Lond., 
Ser. B. 281(980): 277-294. 

Nickerson, N.H. 1959. Sustained Treatment with Gibberellic Acid of Five Different Kinds of Maize. Ann. 
Mo. Bot. Gard. 46:19-37. 

Otegui, M.E. and R. Bonhomme. 1998. Grain Yield Components in Maize I. Ear Growth and Kernel Set. 
Field Crops Res. 56:247-256. 

Pagnussat, G.C., M. Alandete-Saez, J.L. Bowman and V. Sundaresan. 2009. Auxin-Dependent Patterning 
and Gamete Specification in the Arabidopsis Female Gametophyte. Science. 324:1684-1689. 



 

46 
 

Poneleit, C.G. and D.B. Egli. 1979. Kernel Growth Rate and Duration in Maize as Affected by Plant 
Density and Genotype. Crop Sci. 19:385-388. 

Reed, A.J. and G.W. Singletary. 1989. Roles of Carbohydrate Supply and Phytohormones in Maize Kernel 
Abortion. Plant Physiol. 91:986-992. 

Reinhardt, D., E.R. Pesce, P. Stieger, T. Mandel, K. Baltensperger, M. Bennett, J. Traas, J. Friml and C.  
Kuhlemeier. 2003. Regulation of Phyllotaxis by Polar Auxin Transport. Nature. 426:255-260. 

Rosenberg, N.J., B.L. Blad, and S.B. Verma. 1983. Microclimate: The Biological Environment. 2nd ed. New 
York, N.Y.: Wiley. 

Ruzin, S.E. 2000. Plant Microtechnique and Microscopy. New Phytol. 148:57-58. 

Sangoi, L. 2000. Understanding Plant Density Effects on Maize Growth and Development: An Important 
Issue to Maximize Grain Yield. Cienc. Rural. 31:159-168. 

Schiefthaler, U., S. Balasubramanian, P. Sieber, D. Chavalier, E. Wiseman, and K. Schneitz. 1999. 
Molecular Analysis of NOZZLE, a Gene Invovled in Pattern Formation and Early Sporogenesis During 
Sex Organ Development in Arabidopsis thaliana. Proc. Natl. Acad. Sci. USA. 96: 11664-11669. 

Smith, N.C. 2012. Dynamic Nature of Heterosis and Determination of Sink Size in Maize. PhD Thesis. 
University of Guelph. 

Taguchi-Shiobara, F., Z. Yuan, S. Hake and D. Jackson. 2001. The fasciated ear2 Gene Encodes a Leucine-
Rich Repeat Receptor-Like Protein That Regulates Shoot Meristem Proliferation in Maize. Gene. Dev. 
15:2755-2766. 

Tollenaar, M.A., L.M. Dwyer and D.W. Stewart. 1992. Ear and Kernel Formation in Maize Hybrids 
Representing Three Decades of Grain Yield Improvement in Ontario. Crop Sci. 32:432-438. 

Tollenaar, M.A. and E.A. Lee. 2002. Yield Potential, Yield Stability and Stress Tolerance in Maize. Field 
Crops Res. 75:161-169. 

Tollenaar, M.A. and E.A. Lee. 2006. Dissection of Physiological Processes Underlying Grain Yield in Maize 
by Examining Genetic Improvement and Heterosis. Maydica. 51:399-408. 

Uhart, S. A. and H. Andrade. 1995. Nitrogen Deficiency in Maize: II. Carbon-Nitrogen Interaction Effects 
on Kernel Number and Grain Yield. Crop Sci. 35:1384-1389. 

Upadyayula, N., H.S. da Silva, M.O. Bohn, and T.R. Rochford. 2006. Genetic and QTL Analysis of Maize 
Tassel and Ear Inflorescence Architecture. Theor. Appl. Genet. 112:592-606. 

Westgate, M.E. and J.S. Boyer. 1986. Water Status of the Developing Grain of Maize. Agron. J. 78:714-
719. 

Yang, W.C., D. Q. Shi and Y.H. Chen. 2010. Female Gametophyte Development in Flowering Plants. Annu. 
Rev. Plant Biol. 61:89-108. 

 

 



 

47 
 

APPENDIX A: 

Table 1: Analysis of variance for pooled inbred genotypes for ear initial and mature ear traits. Pooled 

across years (Yr), densities (Den) and genotypes (Gt). 

Normal Florets Kernel Row Number 

    F-Value Pr > F     F-Value Pr > F 

Year 
 

0.03 0.8784 Year 
 

0.11 0.7668 

Genotype 
 

0.25 0.8566 Genotype 19.45 0.0046 

Density   3.17 0.3691 Density   3.88 0.0295 

  Estimate Z-Value Pr > Z   Estimate Z-Value Pr > Z 

Rep(Yr*Gt) 2.9589 1.48 0.0701 Rep(Yr*Gt) 0.03069 0.77 0.2199 

Yr x Gt 3.1447 0.64 0.2599 Yr x Gt 0.02927 0.43 0.3334 

Yr x Den 0.653 0.37 0.3548 Yr x Den 0 
 

  

Gt x Den 0.09962 0.06 0.4741 Gt x Den 0.06653 0.97 0.1649 

Yr x Gt x Den 2.104 0.99 0.1611 Yr x Gt x Den 0.04887 0.79 0.2141 

Total Florets Kernels per Row 

    F-Value Pr > F     F-Value Pr > F 

Year 
 

4.07 0.1346 Year 
 

1.12 0.3627 

Genotype 
 

1.23 0.4159 Genotype 14.17 0.0274 

Density   0.6 0.5797 Density   8.1 0.0347 

  Estimate Z-Value Pr > Z   Estimate Z-Value Pr > Z 

Rep(Yr*Gt) 1.0112 1.35 0.0891 Rep(Yr*Gt) 0.9118 1.43 0.0762 

Yr x Gt 2.3459 0.71 0.24 Yr x Gt 0.1048 0.13 0.4493 

Yr x Den 0 
 

  Yr x Den 0.1744 0.38 0.3529 

Gt x Den 1.004 0.56 0.287 Gt x Den 0 
 

  

Yr x Gt x Den 2.6132 1.52 0.0641 Yr x Gt x Den 0.9065 1.7 0.0443 

Floret Row Number Kernel Weight 

    F-Value Pr > F     F-Value Pr > F 

Year 
 

2.49 0.1435 Year 
 

2.11 0.2416 

Genotype 
 

15.39 0.0003 Genotype 4.76 0.3222 

Density   6.42 0.0109 Density   2.98 0.0635 

  Estimate Z-Value Pr > Z   Estimate Z-Value Pr > Z 

Rep(Yr*Gt) 0.1764 1.57 0.0583 Rep(Yr*Gt) 0 
 

  

Yr x Gt 0 
 

  Yr x Gt 1.8574 0.25 0.4008 

Yr x Den 0 
 

  Yr x Den 0 
 

  

Gt x Den 0 
 

  Gt x Den 0.3385 0.13 0.4493 

Yr x Gt x Den 0.02116 0.41 0.3399 Yr x Gt x Den 0     
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Table 2: Analysis of variance for pooled hybrid genotypes for ear initial and mature ear traits. Pooled 

across years (Yr), densities (Den) and genotypes (Gt). 

Normal Florets Kernel Row Number 

    F-Value Pr > F     F-Value Pr > F 

Year 
 

0.01 0.9342 Year 
 

0.06 0.8297 

Genotype 0.59 0.6348 Genotype 25.29 0.0123 

Density   0.18 0.843 Density   4.52 0.0865 

  Estimate Z-Value Pr > Z   Estimate Z-Value Pr > Z 

Rep(Yr*Gt) 10.5067 2.06 0.0198 Rep(Yr*Gt) 0.007161 0.23 0.4087 

Yr x Gt 0 
 

  Yr x Gt 0.005535 0.15 0.4386 

Yr x Den 7.1393 0.61 0.2697 Yr x Den 0.01122 0.31 0.3766 

Gt x Den 5.0549 0.56 0.2885 Gt x Den 0 
 

  

Yr x Gt x Den 16.2343 1.84 0.0332 Yr x Gt x Den 0.008798 0.2 0.4191 

Total Florets Kernels per Row 

    F-Value Pr > F     F-Value Pr > F 

Year 
 

0.23 0.6641 Year 
 

3.04 0.1333 

Genotype 1.39 0.3842 Genotype 1.63 0.2249 

Density   0.16 0.8628 Density   10.24 0.0226 

  Estimate Z-Value Pr > Z   Estimate Z-Value Pr > Z 

Rep(Yr*Gt) 6.4497 1.87 0.0304 Rep(Yr*Gt) 0.9494 1.34 0.0903 

Yr x Gt 4.1707 0.4 0.3456 Yr x Gt 0 
 

  

Yr x Den 3.4948 0.47 0.3184 Yr x Den 1.5616 0.94 0.1726 

Gt x Den 3.2414 0.44 0.329 Gt x Den 0 
 

  

Yr x Gt x Den 13.8024 1.66 0.0487 Yr x Gt x Den 1.3687 1.63 0.0518 

Floret Row Number Kernel Weight 

    F-Value Pr > F     F-Value Pr > F 

Year 
 

0.16 0.7125 Year 
 

17.3 0.0154 

Genotype 3.7 0.1537 Genotype 4.84 0.1186 

Density   4.69 0.0097 Density   14.01 0.0071 

  Estimate Z-Value Pr > Z   Estimate Z-Value Pr > Z 

Rep(Yr*Gt) 0.00275 0.07 0.4728 Rep(Yr*Gt) 0.001301 0.01 0.4957 

Yr x Gt 0.09846 0.85 0.1964 Yr x Gt 0.241 0.42 0.338 

Yr x Den 0 
 

  Yr x Den 0.7774 0.81 0.2084 

Gt x Den 0 
 

  Gt x Den 1.0767 1.8 0.0358 

Yr x Gt x Den 0     Yr x Gt x Den 0     
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Table 3: Analysis of variance for measured and calculated ear traits from variety CG60 grown in the field. 

Degrees of freedom (df), type III sums of squares (SS) mean squares (MS) and P-values (Pr>F). 

Number of normal florets 

Source df SS MS F-Value Pr > F 
Year 1 44.4 44.4 2.29 0.1331 
Treatment 2 504.8 252.4 13.01 <.0001 
Year * Treatment 2 236.6 118.3 6.10 0.0031 
Error 114 2212.2 19.4 

 
  

      
Number of total florets 

Source df SS MS F-Value Pr > F 
Year 1 837.4 837.4 50.13 <.0001 

Treatment 2 264.6 132.3 7.92 0.0006 

Year * Treatment 2 273.9 136.9 8.20 0.0005 
Error 114 1904.5 16.7 

 
  

      
Floret rows 

Source df SS MS F-Value Pr > F 
Year 1 22.5 22.5 12.65 0.0006 
Treatment 2 13.9 7.0 3.92 0.0228 

Year * Treatment 2 6.2 3.1 1.73 0.1819 
Error 103 183.0 1.8 

 
  

      
Kernels per row 

Source df SS MS F-Value Pr > F 
Year 1 193.2 193.2 8.03 0.0051 

Treatment 4 695.7 173.9 7.23 <.0001 
Year * Treatment 4 42.5 10.6 0.44 0.7786 
Error 187 4499.8 24.1 

 
  

      
Kernel rows 

Source df SS MS F-Value Pr > F 
Year 1 4.5 4.5 2.57 0.1104 
Treatment 4 44.1 11.0 6.36 <.0001 
Year * Treatment 4 3.5 0.9 0.50 0.7376 
Error 187 324.3 1.7 

 
  

      
100-Kernel weight 

Source df SS MS F-Value Pr > F 
Year 1 1.3 1.3 0.00 0.0800 
Treatment 4 350.6 87.7 0.17 0.9524 
Year * Treatment 4 172.3 43.1 0.08 0.9870 
Error 98 50012.4 510.3     
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Table 4: Analysis of variance for measured and calculated traits from variety CG65 grown in the field. 

Degrees of freedom (df), type III sums of squares (SS) mean squares (MS) and P-values (Pr>F). 

Number of normal florets 

Source df SS MS F-Value Pr > F 
Year 1 742.5 742.5 93.92 <.0001 

Treatment 2 53.8 26.9 3.40 0.0368 
Year * Treatment 2 65.8 32.9 4.16 0.0181 
Error 109 861.6 7.9 

 
  

      
Number of total florets 

Source df SS MS F-Value Pr > F 
Year 1 38.0 38.0 8.95 0.0034 

Treatment 2 71.7 35.8 8.45 0.0004 
Year * Treatment 2 26.0 13.0 3.06 0.0507 
Error 109 462.4 4.2 

 
  

      
Floret rows 

Source df SS MS F-Value Pr > F 
Year 1 0.0 0.0 0.00 0.9805 

Treatment 2 20.8 10.4 7.11 0.0013 

Year * Treatment 2 6.5 3.2 2.21 0.1147 
Error 109 159.3 1.5 

 
  

      
Kernels per row 

Source df SS MS F-Value Pr > F 
Year 1 59.4 59.4 2.83 0.0940 

Treatment 4 663.4 165.9 7.91 <.0001 
Year * Treatment 4 89.0 22.3 1.06 0.3768 
Error 180 3772.0 21.0 

 
  

      
Kernel rows 

Source df SS MS F-Value Pr > F 
Year 1 0.1 0.1 0.04 0.8387 
Treatment 4 7.3 1.8 1.28 0.2784 
Year * Treatment 4 6.9 1.7 1.20 0.3118 
Error 181 258.5 1.4 

 
  

      
100-Kernel weight 

Source df SS MS F-Value Pr > F 
Year 1 782.4 782.4 109.85 <.0001 
Treatment 4 154.1 38.5 5.41 *0.0006 
Year * Treatment 4 54.4 13.6 1.91 0.1148 

Error 99 705.2 7.1     
 
*Significance was no longer found after tukey’s adjustment 
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Table 5: Analysis of variance for measured and calculated traits from variety CG102 grown in the field. 
Degrees of freedom (df), type III sums of squares (SS) mean squares (MS) and P-values (Pr>F). 

Normal Florets 

Source df SS MS F-Value Pr > F 
Year 1 218.7 218.7 3.68 0.0574 
Density 2 552.3 276.2 4.65 0.0114 
Year * Density 2 302.9 151.4 2.55 0.0824 
Error 114 6766.5 59.4 

 
  

      
Total Florets* 

Source df SS MS F-Value Pr > F 
Year 1 421.9 421.9 19.38 <.0001 

Density 2 376.4 188.2 8.64 0.0003 

Year * Density 2 161.5 80.7 3.71 0.0275 
Error 114 2482.3 21.8   
      

Floret Row Number 

Source df SS MS F-Value Pr > F 
Year 1 6.4 6.4 2.54 0.1137 

Density 2 13.1 6.5 2.59 0.0801 
Year * Density 2 4.2 2.1 0.83 0.4391 
Error 104 262.7 2.5 

 
  

      
Kernel per Row 

Source df SS MS F-Value Pr > F 
Year 1 42.6 42.6 3.18 0.0764 
Density 4 298.3 74.6 5.56 0.0003 
Year * Density 4 210.4 52.6 3.92 *0.0045 
Error 165 2211.6 13.4 

 
  

      
Kernel Row Number 

Source df SS MS F-Value Pr > F 
Year 1 0.2 0.2 0.06 0.8143 
Density 4 95.7 23.9 6.53 <.0001 
Year * Density 4 19.1 4.8 1.30 0.2711 
Error 167 611.8 3.7 

 
  

      
100 Kernel Weight 

Source df SS MS F-Value Pr > F 
Year 1 18.3 18.3 3.92 0.0506 

Density 4 37.1 9.3 1.99 0.1025 
Year * Density 4 5.7 1.4 0.31 0.8732 
Error 92 429.2 4.7     
 

* Significance was no longer found after tukey’s adjustment 
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Table 6: Analysis of variance for measured and calculated traits from variety CG108 grown in the field. 

Degrees of freedom (df), type III sums of squares (SS) mean squares (MS) and P-values (Pr>F). 

Number of normal florets 

Source df SS MS F-Value Pr > F 
Year 1 18.9 18.9 0.64 0.4254 

Treatment 2 83.6 41.8 1.42 0.2485 

Year * Treatment 2 20.0 10.0 0.34 0.7131 
Error 77 2270.9 29.5 

 
  

      
Number of total florets 

Source df SS MS F-Value Pr > F 
Year 1 95.5 95.5 5.74 0.0191 

Treatment 2 40.9 20.4 1.23 0.2990 

Year * Treatment 2 40.4 20.2 1.21 0.3030 
Error 77 1282.6 16.7 

 
  

      
Floret rows 

Source df SS MS F-Value Pr > F 
Year 1 2.4 2.4 0.88 0.3521 

Treatment 2 4.0 2.0 0.72 0.4889 

Year * Treatment 2 1.2 0.6 0.22 0.8053 

Error 67 186.9 2.8 
 

  
      

Kernels per row 

Source df SS MS F-Value Pr > F 
Year 1 66.7 66.7 5.91 0.016 

Treatment 4 278.5 69.6 6.18 0.0001 

Year * Treatment 4 286.8 71.7 6.36 <.0001 
Error 182 2051.9 11.3 

 
  

      
Kernel rows 

Source df SS MS F-Value Pr > F 
Year 1 18.8 18.8 7.42 0.0071 
Treatment 4 15.2 3.8 1.50 0.2031 
Year * Treatment 4 23.7 5.9 2.34 0.0569 
Error 182 461.7 2.5 

 
  

      
100-Kernel weight 

Source df SS MS F-Value Pr > F 
Year 1 35.3 35.3 3.71 0.0569 

Treatment 4 129.2 32.3 3.40 0.0121 
Year * Treatment 4 59.0 14.7 1.55 0.1941 

Error 97 922.7 9.5     
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Table 7: Analysis of variance for measured and calculated traits from variety CG60 x CG108 grown in the 

field. Degrees of freedom (df), type III sums of squares (SS) mean squares (MS) and P-values (Pr>F). 

Number of normal florets 

Source df SS MS F-Value Pr > F 
Year 1 13.8 13.8 1.18 0.2798 
Treatment 2 40.3 20.1 1.72 0.1841 

Year * Treatment 2 189.3 94.6 8.08 0.0005 
Error 104 1218.2 11.7 

 
  

      
Number of total florets 

Source df SS MS F-Value Pr > F 
Year 1 91.2 91.2 5.58 0.02 

Treatment 2 3.2 1.6 0.10 0.9057 

Year * Treatment 2 107.3 53.7 3.28 *0.0414 
Error 104 1699.4 16.3 

 
  

      
Floret rows 

Source df SS MS F-Value Pr > F 
Year 1 0.3 0.3 0.18 0.6698 

Treatment 2 2.2 1.1 0.59 0.5547 
Year * Treatment 2 1.0 0.5 0.27 0.7666 

Error 99 180.9 1.8 
 

  
      

Kernels per row 

Source df SS MS F-Value Pr > F 
Year 1 138.8 138.8 6.89 0.0094 

Treatment 4 319.2 79.8 3.96 0.0042 

Year * Treatment 4 54.9 13.7 0.68 0.6057 
Error 176 3547.1 20.2 

 
  

      
Kernel rows 

Source df SS MS F-Value Pr > F 
Year 1 0.7 0.7 0.26 0.6122 
Treatment 4 42.5 10.6 3.80 0.0055 
Year * Treatment 4 15.3 3.8 1.37 0.2479 
Error 177 494.9 2.8 

 
  

      
100-Kernel weight 

Source df SS MS F-Value Pr > F 
Year 1 131.0 131.0 20.49 <.0001 
Treatment 4 220.8 55.2 8.63 <.0001 
Year * Treatment 4 25.3 6.3 0.99 0.4163 

Error 98 626.6 6.4     
 
*Significance was no longer found after tukey’s adjustment 
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Table 8: Analysis of variance for measured and calculated traits from variety CG60 x CG65 grown in the 

field. Degrees of freedom (df), type III sums of squares (SS) mean squares (MS) and P-values (Pr>F). 

Number of normal florets 

Source df SS MS F-Value Pr > F 
Year 1 103.1 103.1 14.49 0.0002 

Treatment 2 2353.4 1176.7 165.47 <.0001 
Year * Treatment 2 2684.0 1342.0 188.71 <.0001 
Error 110 782.3 7.1 

 
  

 
Number of total florets 

Source df SS MS F-Value Pr > F 
Year 1 671.6 671.6 145.85 <.0001 
Treatment 2 1684.6 842.3 182.91 <.0001 
Year * Treatment 2 2181.0 1090.5 236.81 <.0001 
Error 110 506.5 4.6 

 
  

 
Floret rows 

Source df SS MS F-Value Pr > F 
Year 1 7.4 7.4 3.99 0.0483 

Treatment 2 5.5 2.7 1.47 0.2352 
Year * Treatment 2 0.4 0.2 0.10 0.9085 

Error 110 205.3 1.9 
 

  
 

Kernels per row 

Source df SS MS F-Value Pr > F 
Year 1 363.8 363.8 17.53 <.0001 

Treatment 4 1358.0 339.5 16.36 <.0001 
Year * Treatment 4 394.5 98.6 4.75 0.0011 
Error 189 3922.0 20.8 

 
  

 
Kernel rows 

Source df SS MS F-Value Pr > F 
Year 1 7.8 7.8 4.58 0.0336 
Treatment 4 8.4 2.1 1.23 0.3009 
Year * Treatment 4 12.3 3.1 1.81 0.1287 
Error 189 322.2 1.7 

 
  

 
100-Kernel weight 

Source df SS MS F-Value Pr > F 
Year 1 48.8 48.8 6.32 *0.0136 
Treatment 4 344.6 86.2 11.16 <.0001 
Year * Treatment 4 22.1 5.5 0.72 0.5831 
Error 99 764.2 7.7     
 
*Significance was no longer found after tukey’s adjustment 
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Table 9: Analysis of variance for measured and calculated traits from variety CG60 x CG108 grown in the 

field. Degrees of freedom (df), type III sums of squares (SS) mean squares (MS) and P-values (Pr>F). 

Number of normal florets 

Source df SS MS F-Value Pr > F 
Year 1 9606.7 9606.7 2.58 0.1115 

Treatment 2 1190.7 595.3 0.16 0.8524 

Year * Treatment 2 17111.7 8555.9 2.30 0.1060 
Error 93 346120.9 3721.7 

 
  

      
Number of total florets 

Source df SS MS F-Value Pr > F 
Year 1 0.8 0.8 0.43 0.5113 
Treatment 2 1.3 0.6 0.34 0.7096 
Year * Treatment 2 1.2 0.6 0.31 0.7310 
Error 93 174.2 1.9 

 
  

      
Floret rows 

Source df SS MS F-Value Pr > F 
Year 1 1040.2 1040.2 24.95 <.0001 
Treatment 2 438.5 219.2 5.26 0.0066 

Year * Treatment 2 478.0 239.0 5.73 0.0043 
Error 108 4503.3 41.7 

 
  

      
Kernels per row 

Source df SS MS F-Value Pr > F 
Year 1 384.1 384.1 14.41 0.0002 

Treatment 4 1717.3 429.3 16.11 <.0001 
Year * Treatment 4 548.7 137.2 5.15 0.0006 
Error 185 4930.6 26.7 

 
  

      
Kernel rows 

Source df SS MS F-Value Pr > F 
Year 1 0.3 0.3 0.12 0.7323 
Treatment 4 31.4 7.9 2.99 *0.0202 
Year * Treatment 4 16.4 4.1 1.56 0.1862 
Error 185 486.3 2.6 

 
  

      
100-Kernel weight 

Source df SS MS F-Value Pr > F 
Year 1 51.9 51.9 7.62 0.0069 
Treatment 4 127.6 31.9 4.68 0.0017 
Year * Treatment 4 24.3 6.1 0.89 0.4713 

Error 96 653.7 6.8     
 
*Significance was no longer found after tukey’s adjustment 
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Table 10: Analysis of variance for measured and calculated traits from variety CG108 x CG65 grown in 

the field. Degrees of freedom (df), type III sums of squares (SS) mean squares (MS) and P-values (Pr>F). 

Number of normal florets 

Source df SS MS F-Value Pr > F 
Year 1 248.6 248.6 40.01 <.0001 
Treatment 2 41.1 20.6 3.31 *0.0404 

Year * Treatment 2 33.0 16.5 2.66 0.0750 
Error 106 658.6 6.2 

        
Number of total florets 

Source df SS MS F-Value Pr > F 
Year 1 202.6 202.6 36.99 <.0001 
Treatment 2 81.4 40.7 7.43 0.0010 

Year * Treatment 2 0.7 0.3 0.06 0.9413 
Error 106 580.7 5.5 

        
Floret rows 

Source df SS MS F-Value Pr > F 
Year 1 6.1 6.1 2.62 0.1082 
Treatment 2 7.1 3.6 1.53 0.2217 
Year * Treatment 2 13.2 6.6 2.83 0.0635 

Error 106 247.6 2.3 
        

Kernels per row 

Source df SS MS F-Value Pr > F 
Year 1 11.3 11.3 0.27 0.6037 

Treatment 4 2491.0 622.8 14.91 <.0001 
Year * Treatment 4 294.5 73.6 1.76 0.1384 
Error 178 7433.6 41.8 

 
  

      
Kernel rows 

Source df SS MS F-Value Pr > F 
Year 1 2.9 2.9 0.87 0.3517 
Treatment 4 28.1 7.0 2.09 0.0841 
Year * Treatment 4 6.2 1.5 0.46 0.7658 
Error 179 602.8 3.4 

 
  

      
100-Kernel weight 

Source df SS MS F-Value Pr > F 
Year 1 174.2 174.2 14.52 0.0002 

Treatment 4 588.9 147.2 12.27 <.0001 
Year * Treatment 4 33.0 8.2 0.69 0.6022 
Error 97 1163.5 12.0     
 
*Significance was no longer found after tukey’s adjustment 
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Table 11: Analysis of variance for measured and calculated traits from variety CG108 x CG102 grown in 

the field. Degrees of freedom (df), type III sums of squares (SS) mean squares (MS) and P-values (Pr>F). 

Number of normal florets 

Source df SS MS F-Value Pr > F 
Year 1 265.4 265.4 9.43 0.0027 

Treatment 2 657.9 329.0 11.69 <.0001 
Year * Treatment 2 501.7 250.8 8.91 0.0003 
Error 100 2813.9 28.1 

 
  

      
Number of total florets 

Source df SS MS F-Value Pr > F 
Year 1 187.6 187.6 23.46 <.0001 
Treatment 2 363.1 181.6 22.70 <.0001 

Year * Treatment 2 27.1 13.5 1.69 0.1894 
Error 100 743.8 8.0     
      

Floret rows 

Source df SS MS F-Value Pr > F 
Year 1 5.1 5.1 2.10 0.151 
Treatment 2 13.0 6.5 2.69 0.0735 
Year * Treatment 2 7.0 3.5 1.44 0.2422 
Error 93 225.0 2.4 

 
  

      
Kernels per row 

Source df SS MS F-Value Pr > F 
Year 1 100.2 100.2 2.49 0.1162 

Treatment 4 2214.4 553.6 13.76 <.0001 
Year * Treatment 4 397.0 99.3 2.47 *0.0464 
Error 184 7400.8 40.2 

 
  

      
Kernel rows 

Source df SS MS F-Value Pr > F 
Year 1 0.5 0.5 0.17 0.6796 
Treatment 4 25.0 6.2 2.07 0.0871 
Year * Treatment 4 20.6 5.2 1.71 0.1504 
Error 185 559.6 3.0 

 
  

      
100-Kernel weight 

Source df SS MS F-Value Pr > F 
Year 1 177.4 177.4 22.94 <.0001 
Treatment 4 297.4 74.3 9.61 <.0001 
Year * Treatment 4 19.7 4.9 0.64 0.6377 

Error 98 758.0 7.7     
 
*Significance was no longer found after tukey’s adjustment 
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Table 12: Density and year means comparisons of CG60 for number of total florets, number of normal florets, floret row number, kernels per 

row, kernel row number and 100-kernel weight. Treatments for ear initial traits consisted of 1/2x (37,000 plants ha-1, 1x (74,000 plants ha-1), and 

2 x (148,000 plants ha-1). Two additional treatments were imposed for mature ear traits: 1x-1/2x (74,000 plants ha-1) thinned to 37,000 plants ha-

1 one week prior to silking), 2x-1/2x (148,000 plants ha-1 thinned to 37,000 plants ha-1 one week prior to silking). Means with different letters 

indicate that the means are significantly different from one another at α = 0.05. 

Year Density Normal florets Total florets Floret rows Kernel rows Kernels per Row 100-Kernel weight 

2012 1/2x 21.15 b 28.95 c 12.70 abc 13.10 ab 18.81 bc 27.47 

 

 

1x 28.10 a 34.30 b 12.10 bc 13.20 ab 20.77 abc 24.18 

 

 

1x-1/2x 

      

13.65 a 20.90 abc 26.72 

 

 

2x 28.40 a 35.85 ab 11.90 c 12.47 ab 16.34 c 22.38 

 

 

2x-1/2x 

      

12.65 ab 18.63 bc 25.38 

 2013 1/2x 26.20 a 38.50 a 13.32 ab 13.30 ab 21.23 abc 23.81 

 

 

1x 26.50 a 37.65 ab 13.70 a 12.90 ab 24.10 a 22.75 

 

 

1x-1/2x 

      

13.26 ab 22.67 ab 35.57 

 

 

2x 28.60 a 38.80 a 12.50 abc 12.00 b 18.24 bc 21.76 

 

 

2x-1/2x 

      

12.11 b 19.12 abc 24.10 
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Table 13: Density and year means comparisons of CG108 for number of total florets, number of normal florets, floret row number, kernels per 

row, kernel row number and 100-kernel weight. Treatments for ear initial traits consisted of 1/2x (37,000 plants ha-1, 1x (74,000 plants ha-1), and 

2 x (148,000 plants ha-1). Two additional treatments were imposed for mature ear traits: 1x-1/2x (74,000 plants ha-1) thinned to 37,000 plants ha-

1 one week prior to silking), 2x-1/2x (148,000 plants ha-1 thinned to 37,000 plants ha-1 one week prior to silking). Means with different letters 

indicate that the means are significantly different from one another at α = 0.05. 

Year Density Normal florets Total florets Floret rows Kernel rows Kernels per Row 100-Kernel weight 

2012 1/2x 30.50 

 

39.50 ab 15.00 

 

15.21 a 23.80 a 26.88 ab 

 

1x 29.09 

 

34.64 b 15.27 

 

14.68 ab 23.03 ab 29.17 ab 

 

1x-1/2x 

      

14.65 ab 20.43 abcd 30.80 a 

 

2x 26.60 

 

37.20 ab 14.40 

 

14.55 ab 17.39 d 26.33 ab 

 

2x-1/2x 

      

13.47 b 19.87 bcd 28.17 ab 

2013 1/2x 26.90 

 

39.65 a 15.25 

 

15.30 a 19.07 cd 29.64 a 

 

1x 28.70 

 

40.10 a 15.60 

 

15.32 a 19.84 bcd 27.35 ab 

 

1x-1/2x 

      

14.61 ab 21.09 abc 28.35 ab 

 

2x 26.60 

 

40.55 a 15.30 

 

15.05 ab 19.23 cd 22.19 b 

 

2x-1/2x 

      

15.42 a 19.39 cd 23.94 ab 
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Table 14: Density and year means comparisons of CG65 for number of total florets, number of normal florets, floret row number, kernels per 

row, kernel row number and 100-kernel weight. Treatments for ear initial traits consisted of 1/2x (37,000 plants ha-1, 1x (74,000 plants ha-1), and 

2 x (148,000 plants ha-1). Two additional treatments were imposed for mature ear traits: 1x-1/2x (74,000 plants ha-1) thinned to 37,000 plants ha-

1 one week prior to silking), 2x-1/2x (148,000 plants ha-1 thinned to 37,000 plants ha-1 one week prior to silking). Means with different letters 

indicate that the means are significantly different from one another at α = 0.05. 

Year Density Normal Florets Total florets Floret rows Kernel rows Kernels per Row 100-Kernel weight 

2012 1/2x 28.05 a 34.50 a 13.45 ab 12.78 

 

19.62 ab 27.72 ab 

 

1x 28.50 a 35.40 a 13.60 ab 12.30 

 

18.79 ab 27.11 ab 

 

1x-1/2x 

      

12.45 

 

18.36 ab 30.36 a 

 

2x 26.90 a 34.35 a 12.90 b 12.70 

 

15.96 b 20.45 bc 

  2x-1/2x             12.70 

 

15.73 b 25.79 ab 

2013 1/2x 20.87 c 34.33 a 14.13 a 12.95 

 

20.06 ab 17.06 c 

 

1x 23.80 b 34.55 a 13.20 ab 12.67 

 

22.49 a 17.59 c 

 

1x-1/2x 

      

12.45 

 

18.64 ab 17.90 c 

 

2x 23.45 bc 31.90 b 12.60 b 12.74 

 

17.43 ab 15.36 c 

  2x-1/2x             11.95 

 

15.44 b 17.12 c 

 

 

 



 

61 
 

Table 15: Density and year means comparisons of CG102 for number of total florets, number of normal florets, floret row number, kernels per 

row, kernel row number and 100-kernel weight. Treatments for ear initial traits consisted of 1/2x (37,000 plants ha-1, 1x (74,000 plants ha-1), and 

2 x (148,000 plants ha-1). Two additional treatments were imposed for mature ear traits: 1x-1/2x (74,000 plants ha-1) thinned to 37,000 plants ha-

1 one week prior to silking), 2x-1/2x (148,000 plants ha-1 thinned to 37,000 plants ha-1 one week prior to silking). Means with different letters 

indicate that the means are significantly different from one another at α = 0.05. 

Year Density Normal florets Total Florets Floret rows Kernel rows Kernels per Row 100-Kernel weight 

2012 1/2x 21.00 b 32.90 bc 13.65 

 

14.20 a 15.26 ab 25.84 

 

 

1x 30.00 a 37.80 a 14.45 

 

13.70 a 14.69 ab 22.97 

 

 

1x-1/2x 

      

13.44 ab 14.35 ab 23.57 

 

 

2x 24.80 ab 30.85 c 13.10 

 

11.50 b 11.92 b 22.89 

   2x-1/2x             13.11 ab 14.46 ab 23.13 

 2013 1/2x 26.85 ab 37.00 ab 14.35 

 

13.90 a 17.42 a 23.72 

 

 

1x 28.35 a 38.55 a 14.40 

 

13.45 ab 15.31 ab 22.38 

 

 

1x-1/2x 

      

13.53 ab 17.14 a 22.92 

 

 

2x 28.70 a 37.25 a 13.95 

 

12.60 ab 15.07 ab 21.72 

   2x-1/2x             12.11 ab 10.81 b 20.54 
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Table 16: Density and year means comparisons of CG60 x CG108 for number of total florets, number of normal florets, floret row number, 

kernels per row, kernel row number and 100-kernel weight. Treatments for ear initial traits consisted of 1/2x (37,000 plants ha-1, 1x (74,000 

plants ha-1), and 2 x (148,000 plants ha-1). Two additional treatments were imposed for mature ear traits: 1x-1/2x (74,000 plants ha-1) thinned to 

37,000 plants ha-1 one week prior to silking), 2x-1/2x (148,000 plants ha-1 thinned to 37,000 plants ha-1 one week prior to silking). Means with 

different letters indicate that the means are significantly different from one another at α = 0.05. 

Year Density Normal Florets Total florets Floret rows Kernel rows Kernels per Row 100-Kernel weight 

2012 1/2x 32.40 a 41.65 ab 12.90 

 

13.80 ab 27.70 ab 31.03 a 

 

1x 32.05 a 41.40 ab 13.00 

 

14.55 a 26.47 ab 29.75 ab 

 

1x-1/2x 

      

13.40 ab 28.01 ab 34.07 a 

 

2x 28.85 b 39.55 b 13.00 

 

12.75 b 23.14 b 24.99 abc 

  2x-1/2x             13.15 ab 27.05 ab 27.53 ab 

2013 1/2x 28.65 b 41.55 ab 12.75 

 

14.20 ab 27.88 ab 28.62 ab 

 

1x 31.20 ab 42.70 ab 13.30 

 

13.44 ab 28.52 a 26.68 ab 

 

1x-1/2x 

      

13.42 ab 29.76 a 25.74 ab 

 

2x 31.25 ab 44.00 a 13.20 

 

13.15 ab 26.58 ab 21.08 c 

  2x-1/2x             12.80 b 28.53 a 24.61 bc 
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Table 17: Density and year means comparisons of CG60 x CG65 for number of total florets, number of normal florets, floret row number, kernels 

per row, kernel row number and 100-kernel weight. Treatments for ear initial traits consisted of 1/2x (37,000 plants ha-1, 1x (74,000 plants ha-1), 

and 2 x (148,000 plants ha-1). Two additional treatments were imposed for mature ear traits: 1x-1/2x (74,000 plants ha-1) thinned to 37,000 

plants ha-1 one week prior to silking), 2x-1/2x (148,000 plants ha-1 thinned to 37,000 plants ha-1 one week prior to silking). Means with different 

letters indicate that the means are significantly different from one another at α = 0.05. 

Year Density Normal Florets Total florets Floret rows Kernel rows Kernels per Row 100-Kernel weight 

2012 1/2x 37.35 a 43.35 ab 14.00 

 

13.63 a 33.71 abc 33.19 a 

 

1x 36.13 a 45.31 a 13.38 

 

13.00 ab 35.63 a 32.35 a 

 

1x-1/2x 

      

12.90 ab 30.18 bcd 34.37 a 

 

2x 17.20 c 27.20 c 13.50 

 

12.80 ab 26.82 d 27.09 ab 

  2x-1/2x             13.10 ab 26.43 d 29.41 a 

2013 1/2x 31.45 b 42.95 b 13.35 

 

12.50 ab 35.48 a 33.14 a 

 

1x 32.40 b 43.20 b 13.00 

 

12.80 ab 34.11 ab 30.29 a 

 

1x-1/2x 

      

13.30 ab 33.73 abc 30.96 a 

 

2x 32.50 b 44.20 ab 13.00 

 

12.25 b 29.35 cd 22.52 b 

  2x-1/2x             12.60 ab 33.62 abc 27.94 a 
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Table 18: Density and year means comparisons of CG60 x CG102 for number of total florets, number of normal florets, floret row number, 

kernels per row, kernel row number and 100-kernel weight. Treatments for ear initial traits consisted of 1/2x (37,000 plants ha-1, 1x (74,000 

plants ha-1), and 2 x (148,000 plants ha-1). Two additional treatments were imposed for mature ear traits: 1x-1/2x (74,000 plants ha-1) thinned to 

37,000 plants ha-1 one week prior to silking), 2x-1/2x (148,000 plants ha-1 thinned to 37,000 plants ha-1 one week prior to silking). Means with 

different letters indicate that the means are significantly different from one another at α = 0.05. 

Year Density Normal Florets Total florets Floret rows Kernel rows Kernels per Row 100-Kernel weight 

2012 1/2x 33.40 a 41.50 a 14.15 

 

14.90 

 

35.30 a 30.03 a 

 

1x 30.50 ab 33.50 b 14.40 

 

14.95 

 

32.34 ab 29.41 a 

 

1x-1/2x 

      

14.70 

 

28.39 bcd 29.20 a 

 

2x 23.85 b 32.65 b 13.82 

 

13.45 

 

23.74 d 26.57 ab 

  2x-1/2x             13.47 

 

25.73 cd 26.92 ab 

2013 1/2x 31.22 a 41.89 a 14.00 

 

14.20 

 

32.70 ab 29.98 a 

 

1x 31.60 a 41.50 a 13.90 

 

14.25 

 

34.47 a 25.00 ab 

 

1x-1/2x 

      

14.50 

 

33.63 a 27.47 a 

 

2x 33.15 a 42.45 a 13.90 

 

14.00 

 

30.90 abc 22.48 b 

  2x-1/2x             14.13 

 

27.87 bcd 25.22 ab 
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Table 19: Density and year means comparisons of CG108 x 65 for number of total florets, number of normal florets, floret row number, kernels 

per row, kernel row number and 100-kernel weight. Treatments for ear initial traits consisted of 1/2x (37,000 plants ha-1, 1x (74,000 plants ha-1), 

and 2 x (148,000 plants ha-1). Two additional treatments were imposed for mature ear traits: 1x-1/2x (74,000 plants ha-1) thinned to 37,000 

plants ha-1 one week prior to silking), 2x-1/2x (148,000 plants ha-1 thinned to 37,000 plants ha-1 one week prior to silking). Means with different 

letters indicate that the means are significantly different from one another at α = 0.05. 

Year Density Normal Florets Total florets Floret rows Kernel rows Kernels per Row 100-Kernel weight 

2012 1/2x 35.95 ab 45.70 abc 14.45 

 

14.45 

 

37.76 a 35.19 a 

 

1x 36.53 a 46.93 ab 13.07 

 

13.53 

 

35.11 a 34.26 a 

 

1x-1/2x 

      

13.26 

 

33.66 abc 37.32 a 

 

2x 35.41 abc 47.59 a 13.47 

 

13.10 

 

24.91 dc 26.88 ab 

  2x-1/2x             13.55 

 

27.98 bcd 31.89 a 

2013 1/2x 31.50 d 42.90 d 14.05 

 

14.43 

 

34.58 ab 34.08 a 

 

1x 33.90 bc 44.10 dc 14.35 

 

13.76 

 

33.75 abc 30.68 a 

 

1x-1/2x 

      

14.15 

 

34.32 ab 31.22 a 

 

2x 33.50 cd 45.10 bc 14.00 

 

13.40 

 

27.30 d 20.62 b 

  2x-1/2x             13.40 

 

31.95 abc 27.01 a 
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Table 20: Density and year means comparisons of CG108 x CG102 for number of total florets, number of normal florets, floret row number, 

kernels per row, kernel row number and 100-kernel weight. Treatments for ear initial traits consisted of 1/2x (37,000 plants ha-1, 1x (74,000 

plants ha-1), and 2 x (148,000 plants ha-1). Two additional treatments were imposed for mature ear traits: 1x-1/2x (74,000 plants ha-1) thinned to 

37,000 plants ha-1 one week prior to silking), 2x-1/2x (148,000 plants ha-1 thinned to 37,000 plants ha-1 one week prior to silking). Means with 

different letters indicate that the means are significantly different from one another at α = 0.05. 

Year Density Normal Florets Total florets Floret rows Kernel rows Kernels per Row 100-Kernel weight 

2012 1/2x 37.85 ab 43.70 bc 14.60 ab 14.80 

 

35.44 a 33.82 ab 

 

1x 29.59 c 48.00 a 14.50 ab 14.65 

 

33.31 ab 30.68 abc 

 

1x-1/2x 

      

14.55 

 

37.17 a 34.13 a 

 

2x 40.15 a 47.40 a 13.95 b 13.30 

 

26.00 bc 27.99 abcd 

  2x-1/2x             14.56 

 

28.15 c 28.98 abc 

2013 1/2x 29.89 c 41.16 c 15.58 a 14.95 

 

36.73 a 31.30 ab 

 

1x 32.90 bc 43.50 bc 14.10 ab 14.74 

 

36.21 a 27.26 bcd 

 

1x-1/2x 

      

13.74 

 

33.21 ab 28.60 abc 

 

2x 35.00 b 45.75 ab 14.80 ab 14.50 

 

28.64 bc 21.36 d 

  2x-1/2x             14.45 

 

32.47 ab 24.97 cd 
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Table 21: Density means comparisons of iodent inbred lines for number of total florets, number of normal florets, floret row number, kernels per 

row, kernel row number and 100-kernel weight. Treatments for ear initial traits consisted of 1/2x (37,000 plants ha-1, 1x (74,000 plants ha-1), and 

2 x (148,000 plants ha-1). Two additional treatments were imposed for mature ear traits: 1x-1/2x (74,000 plants ha-1) thinned to 37,000 plants ha-

1 one week prior to silking), 2x-1/2x (148,000 plants ha-1 thinned to 37,000 plants ha-1 one week prior to silking). Means with different letters 

indicate that the means are significantly different from one another at α = 0.05. 

Genotype Density Normal Florets Total florets Floret rows Kernel rows Kernels per Row 100-Kernel weight 

CG60 1/2x 23.68 b 33.73 b 13.10 a 13.20 a 20.02 abc 24.15 

   1x 27.30 a 35.98 ab 12.90 ab 13.05 ab 22.44 a 22.88 

   1x-1/2x 

      

13.46 a 21.76 ab 34.73 

   2x 28.50 a 37.33 a 12.20 b 12.23 c 17.31 c 21.81 

   2x-1/2x             12.38 bc 18.87 bc 24.22 

               

CG108 1/2x 27.23 

 

39.64 

 

15.23 

 

15.26 

 

21.37 a 29.39 a 

  1x 28.90 

 

37.24 

 

15.43 

 

15.00 

 

21.43 a 27.53 a 

  1x-1/2x 

      

14.63 

 

20.74 a 28.58 a 

  2x 26.60 

 

38.88 

 

15.00 

 

14.79 

 

18.29 b 22.57 b 

  2x-1/2x             14.45 

 

19.63 ab 24.35 b 
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Table 22: Density means comparisons of stiff stalk inbred lines for number of total florets, number of normal florets, floret row number, kernels 

per row, kernel row number and 100-kernel weight. Treatments for ear initial traits consisted of 1/2x (37,000 plants ha-1, 1x (74,000 plants ha-1), 

and 2 x (148,000 plants ha-1). Two additional treatments were imposed for mature ear traits: 1x-1/2x (74,000 plants ha-1) thinned to 37,000 

plants ha-1 one week prior to silking), 2x-1/2x (148,000 plants ha-1 thinned to 37,000 plants ha-1 one week prior to silking). Means with different 

letters indicate that the means are significantly different from one another at α = 0.05. 

Genotype Density Normal Florets Total florets Floret rows Kernel rows Kernels per Row 100-Kernel weight 

CG65 1/2x 24.97 

 

34.43 a 13.74 a 12.87 

 

19.85 a 18.03 

   1x 26.15 

 

34.98 a 13.40 a 12.46 

 

20.37 a 18.45 

   1x-1/2x 

      

12.45 

 

18.50 ab 19.03 

   2x 25.18 

 

33.13 b 12.75 b 12.72 

 

16.68 bc 15.84 

   2x-1/2x             12.33 

 

15.59 c 17.91 

               

CG102 1/2x 23.93 a 34.95 b 14.00 

 

14.05 a 16.34 a 23.91 a 

  1x 29.18 b 38.16 a 14.43 

 

13.58 a 15.00 abc 22.43 abc 

  1x-1/2x 

      

12.08 a 15.74 ab 22.98 ab 

  2x 26.75 ab 34.05 b 13.67 

 

13.48 b 13.50 bc 21.83 bc 

  2x-1/2x             12.79 ab 12.64 c 20.88 c 
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Table 23: Density means comparisons of the single cross sister line for number of total florets, number of normal florets, floret row number, 

kernels per row, kernel row number and 100-kernel weight. Treatments for ear initial traits consisted of 1/2x (37,000 plants ha-1, 1x (74,000 

plants ha-1), and 2 x (148,000 plants ha-1). Two additional treatments were imposed for mature ear traits: 1x-1/2x (74,000 plants ha-1) thinned to 

37,000 plants ha-1 one week prior to silking), 2x-1/2x (148,000 plants ha-1 thinned to 37,000 plants ha-1 one week prior to silking). Means with 

different letters indicate that the means are significantly different from one another at α = 0.05. 

Genotype Density Normal Florets Total florets Floret rows Kernel rows Kernels per Row 100-Kernel weight 

CG60 x CG108 1/2x 30.53 

 

41.60 

 

12.83 

 

14.00 ab 27.79 a 28.84 a 

  1x 31.77 

 

41.83 

 

13.10 

 

14.03 a 27.44 ab 26.96 ab 

  1x-1/2x 

      

13.41 abc 29.20 a 26.15 b 

  2x 30.05 

 

41.78 

 

13.11 

 

12.95 c 24.86 b 21.44 c 

  2x-1/2x             12.98 bc 27.79 a 24.88 b 
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Table 24: Density means comparisons of hybrid genotypes with CG60 for total florets, number of normal florets, floret row number, kernels per 

row, kernel row number and 100-kernel weight. Treatments for ear initial traits consisted of 1/2x (37,000 plants ha-1, 1x (74,000 plants ha-1), and 

2 x (148,000 plants ha-1). Two additional treatments were imposed for mature ear traits: 1x-1/2x (74,000 plants ha-1) thinned to 37,000 plants ha-

1 one week prior to silking), 2x-1/2x (148,000 plants ha-1 thinned to 37,000 plants ha-1 one week prior to silking). Means with different letters 

indicate that the means are significantly different from one another at α = 0.05. 

Genotype Density Normal Florets Total florets Floret rows Kernel rows Kernels per Row 100-Kernel weight 

CG60 x CG65 1/2x 34.40 a 43.15 a 13.68 

 

13.05 

 

34.62 a 33.14 a 

  1x 34.06 a 44.14 a 13.17 

 

12.90 

 

34.87 a 30.48 b 

  1x-1/2x 

      

13.10 

 

31.95 ab 31.27 ab 

  2x 24.85 b 35.70 b 13.25 

 

12.53 

 

28.08 c 22.95 d 

  2x-1/2x             12.85 

 

30.02 bc 28.07 c 

              

CG60 x CG102 1/2x 32.37 

 

41.68 a 14.08 

 

14.55 

 

34.00 a 29.99 a 

  1x 31.11 

 

37.94 ab 14.07 

 

14.60 

 

33.40 a 25.40 b 

  1x-1/2x 

      

14.60 

 

31.01 a 27.63 b 

  2x 28.50 

 

37.55 b 13.87 

 

13.73 

 

27.32 b 22.85 c 

  2x-1/2x             13.77 

 

26.71 b 25.41 b 
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Table 25: Density means comparisons of hybrid genotypes with CG108 for total florets, number of normal florets, floret row number, kernels per 

row, kernel row number and 100-kernel weight. Treatments for ear initial traits consisted of 1/2x (37,000 plants ha-1, 1x (74,000 plants ha-1), and 

2 x (148,000 plants ha-1). Two additional treatments were imposed for mature ear traits: 1x-1/2x (74,000 plants ha-1) thinned to 37,000 plants ha-

1 one week prior to silking), 2x-1/2x (148,000 plants ha-1 thinned to 37,000 plants ha-1 one week prior to silking). Means with different letters 

indicate that the means are significantly different from one another at α = 0.05. 

Genotype Density Normal Florets Total florets Floret rows Kernel rows Kernels per Row 100-Kernel weight 

CG108 x CG65 1/2x 33.73 

 

44.30 b 14.25 

 

14.44 a 36.45 a 34.18 a 

  1x 35.03 

 

45.31 ab 13.80 

 

13.64 ab 34.47 a 31.06 a 

  1x-1/2x 

      

13.72 ab 34.00 ab 31.78 a 

  2x 34.38 

 

46.24 a 13.76 

 

13.25 b 26.10 c 21.19 c 

  2x-1/2x             13.48 ab 30.02 bc 27.46 b 

              

CG108 x CG102 1/2x 33.97 b 42.46 b 15.08 

 

36.06 a 36.09 a 31.55 a 

  1x 30.81 b 45.75 a 14.30 

 

34.72 a 34.76 a 27.57 bc 

  1x-1/2x 

      

35.24 a 35.19 a 29.11 ab 

  2x 37.58 a 46.58 a 14.38 

 

27.32 b 27.32 b 21.97 d 

  2x-1/2x             30.43 b 30.31 b 25.34 c 
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Table 26: Year means comparisons of inbred and single cross sister line data for number of total florets, number of normal florets, floret row 

number, kernels per row, kernel row number and 100-kernel weight. Means with different letters indicate that the means are significantly 

different from one another at α = 0.05.  

Genotype Year Normal Florets Total florets Floret rows Kernel rows Kernels per Row 100-Kernel weight 

CG60 2012 25.88 

 

33.03 b 12.14 a 13.02 

 

19.12 b 25.22 

   2013 27.10 

 

38.32 a 13.17 b 12.71 

 

21.07 a 25.51 

               

CG108 2012 27.67 

 

36.48 a 14.87 

 

14.52 a 20.86 a 28.27 

   2013 27.14 

 

40.10 b 15.34 

 

15.15 b 19.70 b 26.29 

               

CG65 2012 27.82 a 34.75 a 13.32 

 

12.58 

 

17.64 

 

26.29 a 

  2013 22.87 b 33.53 b 13.24 

 

12.55 

 

18.67 

 

17.02 b 

              

CG102 2012 25.27 

 

33.85 a 13.86 

 

13.22 

 

14.16 b 23.68 

   2013 27.97 

 

37.60 b 14.23 

 

13.23 

 

15.61 a 22.39 

               

CG60 x CG108 2012 31.10 

 

40.87 a 12.96 

 

13.54 

 

26.29 b 28.97 a 

  2013 30.20 

 

42.75 b 13.04 

 

13.40 

 

28.23 a 25.34 b 
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Table 27: Year means comparisons of single cross hybrid lines for number of total florets, number of normal florets, floret row number, kernels 

per row, kernel row number and 100-kernel weight. Means with different letters indicate that the means are significantly different from one 

another at α = 0.05.  

Genotype Year Normal Florets Total florets Floret rows Kernel rows Kernels per Row 100-Kernel weight 

CG60 x CG65 2012 29.80 

 

38.14 b 13.64 a 13.08 a 30.52 b 31.29 

   2013 32.12 

 

43.45 a 13.12 b 12.69 b 33.26 a 29.03 

               

CG60 x CG102 2012 29.16 

 

36.05 b 14.12 

 

14.30 

 

29.13 b 28.43 a 

  2013 32.02 

 

41.95 a 13.93 

 

14.22 

 

32.08 a 26.06 b 

              

CG108 x CG65 2012 35.94 a 46.04 a 13.73 

 

13.58 

 

31.87 

 

33.11 a 

  2013 32.97 b 43.51 b 14.13 

 

13.79 

 

32.19 

 

28.66 b 

              

CG108 x CG102 2012 36.19 a 46.04 a 14.32 b 14.37 

 

32.09 

 

31.12 a 

  2013 32.59 b 43.51 b 14.96 a 14.47 

 

33.36 

 

26.61 b 
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Table 28: Analysis of variance for measured and calculated traits from variety CG60 grown in the field. 

Degrees of freedom (df), type III sums of squares (SS) mean squares (MS) and P-values (Pr>F). 

Ear position (no.) 

Source df SS MS F-Value Pr > F 

Year 1 0.68 0.68 2.11 0.1495 

Treatment 2 5.02 2.51 7.82 0.0007 

Year * Treatment 2 3.35 1.68 5.22 0.0067 

Error 114 36.55 0.32 
 

  

 

Leaf number (no.) 

Source df SS MS F-Value Pr > F 

Year 1 0.30 0.30 0.89 0.3473 

Treatment 2 5.45 2.73 8.09 0.0005 

Year * Treatment 2 6.65 3.33 9.87 0.0001 

Error 114 38.40 0.34 
 

  

 

Days to 50% silking (days) 

Source df SS MS F-Value Pr > F 

Year 1 27.00 27.00 162.00 <0.0001 

Treatment 2 1.50 0.75 4.50 0.0640 

Year * Treatment 2 1.50 0.75 4.50 0.0640 

Error 6 1.00 0.17 
 

  

 

Days to 50% anthesis (days) 

Source df SS MS F-Value Pr > F 

Year 1 10.08 10.08 121.00 <0.0001 

Treatment 2 3.50 1.75 21.00 0.0020 

Year * Treatment 2 0.17 0.08 1.00 0.4219 

Error 6 0.50 0.08     
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Table 29: Analysis of variance for measured and calculated traits from variety CG65 grown in the field. 

Degrees of freedom (df), type III sums of squares (SS) mean squares (MS) and P-values (Pr>F). 

Ear position (no.) 

Source df SS MS F-Value Pr > F 

Year 1 7.01 7.01 18.65 <0.0001 

Treatment 2 2.87 1.43 3.81 0.0249 

Year * Treatment 2 4.87 2.43 6.47 0.0022 

Error 114 42.85 0.38 
 

  

 

Leaf number (no.) 

Source df SS MS F-Value Pr > F 

Year 1 0.13 0.13 0.36 0.5472 

Treatment 2 1.52 0.76 2.07 0.1305 

Year * Treatment 2 3.02 1.51 4.12 0.0187 

Error 114 41.70 0.37 
 

  

 

Days to 50% silking (days) 

Source df SS MS F-Value Pr > F 

Year 1 48.29 48.29 241.43 <0.0001 

Treatment 2 3.41 1.70 8.52 0.0245 

Year * Treatment 2 0.16 0.08 0.39 0.6956 

Error 5 1.00 0.20 

 
  

 

Days to 50% anthesis (days) 

Source df SS MS F-Value Pr > F 

Year 1 20.64 20.64 68.81 0.0004 

Treatment 2 4.63 2.31 7.71 0.0297 

Year * Treatment 2 0.50 0.25 0.83 0.4871 

Error 5 1.50 0.30     
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Table 30: Analysis of variance for measured and calculated traits from variety CG102 grown in the field. 

Degrees of freedom (df), type III sums of squares (SS) mean squares (MS) and P-values (Pr>F). 

Ear position (no.) 

Source df SS MS F-Value Pr > F 

Year 1 25.21 25.21 84.90 <0.0001 

Treatment 2 0.05 0.03 0.08 0.9193 

Year * Treatment 2 0.22 0.11 0.36 0.6951 

Error 114 33.85 0.30 

 
  

 

Leaf number (no.) 

Source df SS MS F-Value Pr > F 

Year 1 19.20 19.20 49.41 <0.0001 

Treatment 2 0.65 0.33 0.84 0.4359 

Year * Treatment 2 0.65 0.33 0.84 0.4359 

Error 114 44.30 0.39 
 

  

 

Days to 50% silking (days) 

Source df SS MS F-Value Pr > F 

Year 1 48.00 48.00 57.60 0.0003 

Treatment 2 5.17 2.58 3.10 0.1190 

Year * Treatment 2 0.50 0.25 0.30 0.7513 

Error 6 5.00 0.83 
 

  

 

Days to 50% anthesis (days) 

Source df SS MS F-Value Pr > F 

Year 1 12.00 12.00 12.00 0.0134 

Treatment 2 17.17 8.58 8.58 0.0174 

Year * Treatment 2 3.50 1.75 1.75 0.2519 

Error 6 6.00 1.00     
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Table 31: Analysis of variance for measured and calculated traits from variety CG108 grown in the field. 

Degrees of freedom (df), type III sums of squares (SS) mean squares (MS) and P-values (Pr>F). 

Ear position (no.) 

Source df SS MS F-Value Pr > F 

Year 1 0.61 0.61 2.22 0.1386 

Treatment 2 1.66 0.83 3.03 0.0523 

Year * Treatment 2 1.26 0.63 2.30 0.1052 

Error 113 30.88 0.27 
 

  

 

Leaf number (no.) 

Source df SS MS F-Value Pr > F 

Year 1 0.11 0.11 0.23 0.6325 

Treatment 2 8.36 4.18 8.57 0.0003 

Year * Treatment 2 2.16 1.08 2.22 0.1138 

Error 113 55.11 0.49 
 

  

 

Days to 50% silking (days) 

Source df SS MS F-Value Pr > F 

Year 1 52.08 52.08 69.44 0.0002 

Treatment 2 0.17 0.08 0.11 0.8966 

Year * Treatment 2 0.17 0.08 0.11 0.8966 

Error 6 4.50 0.75 
 

  

 

Days to 50% anthesis (days) 

Source df SS MS F-Value Pr > F 

Year 1 16.33 16.33 19.60 0.0044 

Treatment 2 2.00 1.00 1.20 0.3644 

Year * Treatment 2 2.67 1.33 1.60 0.2774 

Error 6 5.00 0.83     
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Table 32: Analysis of variance for measured and calculated traits from variety CG60 x CG108 grown in 

the field. Degrees of freedom (df), type III sums of squares (SS) mean squares (MS) and P-values (Pr>F). 

Ear position (no.) 

Source df SS MS F-Value Pr > F 

Year 1 27.08 27.08 0.33 0.5693 

Treatment 2 182.07 91.03 1.10 0.3379 

Year * Treatment 2 163.80 81.90 0.99 0.3764 

Error 114 9473.65 83.10 
 

  

 

Leaf number (no.) 

Source df SS MS F-Value Pr > F 

Year 1 5.63 5.63 27.68 <0.0001 

Treatment 2 5.72 2.86 14.05 <0.0001 

Year * Treatment 2 2.92 1.46 7.17 0.0012 

Error 114 23.20 0.20 
 

  

 

Days to 50% silking (days) 

Source df SS MS F-Value Pr > F 

Year 1 36.75 36.75 88.20 <.0001 

Treatment 2 4.50 2.25 5.40 0.0456 

Year * Treatment 2 0.50 0.25 0.60 0.5787 

Error 6 2.50 0.42 
 

  

 

Days to 50% anthesis (days) 

Source df SS MS F-Value Pr > F 

Year 1 24.08 24.08 57.80 0.0003 

Treatment 2 15.17 7.58 18.20 0.0028 

Year * Treatment 2 1.17 0.58 1.40 0.3170 

Error 6 2.50 0.42     
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Table 33: Analysis of variance for measured and calculated traits from variety CG60 x CG65 grown in the 

field. Degrees of freedom (df), type III sums of squares (SS) mean squares (MS) and P-values (Pr>F). 

Ear position (no.) 

Source df SS MS F-Value Pr > F 

Year 1 0.03 0.03 0.13 0.7180 

Treatment 2 0.87 0.43 1.70 0.1867 

Year * Treatment 2 0.07 0.03 0.13 0.8773 

Error 114 29.00 0.25 
 

  

 

Leaf number (no.) 

Source df SS MS F-Value Pr > F 

Year 1 0.53 0.53 1.61 0.2073 

Treatment 2 0.05 0.03 0.08 0.9274 

Year * Treatment 2 2.92 1.46 4.40 0.0145 

Error 114 37.80 0.33 
 

  

 

Days to 50% silking (days) 

Source df SS MS F-Value Pr > F 

Year 1 6.75 6.75 27.00 0.0020 

Treatment 2 15.17 7.58 30.33 0.0007 

Year * Treatment 2 1.50 0.75 3.00 0.1250 

Error 6 1.50 0.25 
 

  

 

Days to 50% anthesis (days) 

Source df SS MS F-Value Pr > F 

Year 1 0.08 0.08 0.33 0.5847 

Treatment 2 16.67 8.33 33.33 0.0006 

Year * Treatment 2 0.67 0.33 1.33 0.3318 

Error 6 1.50 0.25     
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Table 34: Analysis of variance for measured and calculated traits from variety CG60 x CG102 grown in 

the field. Degrees of freedom (df), type III sums of squares (SS) mean squares (MS) and P-values (Pr>F). 

Ear position (no.) 

Source df SS MS F-Value Pr > F 

Year 1 1.88 1.88 8.89 0.0035 

Treatment 2 0.87 0.43 2.05 0.1329 

Year * Treatment 2 0.20 0.10 0.47 0.6237 

Error 114 24.05 0.21 
 

  

 

Leaf number (no.) 

Source df SS MS F-Value Pr > F 

Year 1 0.83 0.83 2.77 0.0988 

Treatment 2 0.05 0.03 0.08 0.9203 

Year * Treatment 2 0.12 0.06 0.19 0.8240 

Error 114 34.30 0.30 
 

  

 

Days to 50% silking (days) 

Source df SS MS F-Value Pr > F 

Year 1 14.08 14.08 33.80 0.0011 

Treatment 2 6.17 3.08 7.40 0.0240 

Year * Treatment 2 0.17 0.08 0.20 0.8240 

Error 6 2.50 0.42 

 
  

 

Days to 50% anthesis (days) 

Source df SS MS F-Value Pr > F 

Year 1 0.33 0.33 0.67 0.4454 

Treatment 2 24.67 12.33 24.67 0.0013 

Year * Treatment 2 0.67 0.33 0.67 0.5477 

Error 6 3.00 0.50     
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Table 35: Analysis of variance for measured and calculated traits from variety CG108 x CG65 grown in 

the field. Degrees of freedom (df), type III sums of squares (SS) mean squares (MS) and P-values (Pr>F). 

Ear position (no.) 

Source df SS MS F-Value Pr > F 

Year 1 2.13 2.13 13.51 0.0004 

Treatment 2 1.52 0.76 4.80 0.0099 

Year * Treatment 2 1.52 0.76 4.80 0.0099 

Error 114 18.00 0.16 
   

Leaf number (no.) 

Source df SS MS F-Value Pr > F 

Year 1 2.70 2.70 10.80 0.0013 

Treatment 2 7.02 3.51 14.03 <0.0001 

Year * Treatment 2 0.15 0.08 0.30 0.7414 

Error 114 28.50 0.25 

   

Days to 50% silking (days) 

Source df SS MS F-Value Pr > F 

Year 1 18.75 18.75 75.00 0.0001 

Treatment 2 5.17 2.58 10.33 0.0114 

Year * Treatment 2 1.50 0.75 3.00 0.1250 

Error 6 1.50 0.25 

   

Days to 50% anthesis (days) 

Source df SS MS F-Value Pr > F 

Year 1 6.75 6.75 27.00 0.0020 

Treatment 2 9.50 4.75 19.00 0.0025 

Year * Treatment 2 0.50 0.25 1.00 0.4219 

Error 6 1.50 0.25     
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Table 36: Analysis of variance for measured and calculated traits from variety CG108 x CG102 grown in 

the field. Degrees of freedom (df), type III sums of squares (SS) mean squares (MS) and P-values (Pr>F). 

Ear position (no.) 

Source df SS MS F-Value Pr > F 

Year 1 0.83 0.83 3.07 0.0822 

Treatment 2 0.07 0.03 0.12 0.8844 

Year * Treatment 2 1.67 0.83 3.07 0.0501 

Error 114 30.90 0.27 
 

  

 

Leaf number (no.) 

Source df SS MS F-Value Pr > F 

Year 1 4.03 4.03 12.07 0.0007 

Treatment 2 2.22 1.11 3.32 0.0398 

Year * Treatment 2 1.12 0.56 1.67 0.1927 

Error 114 38.10 0.33     

 

Days to 50% silking (days) 

Source df SS MS F-Value Pr > F 

Year 1 27.00 27.00 32.40 0.0013 

Treatment 2 4.67 2.33 2.80 0.1384 

Year * Treatment 2 2.00 1.00 1.20 0.3644 

Error 6 5.00 0.83 
 

  

 

Days to 50% anthesis (days) 

Source df SS MS F-Value Pr > F 

Year 1 14.08 14.08 33.80 0.0011 

Treatment 2 12.50 6.25 15.00 0.0046 

Year * Treatment 2 5.17 2.58 6.20 0.0347 

Error 6 2.50 0.42     
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Table 37: Density and year means comparisons of iodent inbred lines for leaf axil position of the primary ear, leaf number days to 50% silking and 

days to 50% anthesis. Treatments for ear initial traits consisted of 1/2x (37,000 plants ha-1, 1x (74,000 plants ha-1), and 2 x (148,000 plants ha-1). 

Means with different letters indicate that the means are significantly different from one another at α = 0.05. 

Genotype Year Density Ear position (no.) Leaf number (no.) Days to 50% silking (days) Days to 50% anthesis (days) 

CG60 2012 1/2x 11.05 c 16.60 ab 64.00 b 65.00 c 

  

1x 11.65 ab 16.95 a 65.50 b 66.00 bc 

  

2x 11.15 bc 16.10 b 65.50 b 66.50 b 

 

2013 1/2x 11.10 c 16.25 b 68.00 a 67.00 ab 

  

1x 11.45 abc 16.85 a 68.00 a 68.00 a 

  

2x 11.75 a 16.85 a 68.00 a 68.00 a 

       

CG108 2012 1/2x 11.80 ab 17.05 a 65.00 b 66.00 

 

  

1x 11.90 ab 17.20 a 65.00 b 66.50 

 

  

2x 11.42 b 16.32 b 65.00 b 68.00 

 

 

2013 1/2x 11.75 ab 16.85 ab 69.00 a 69.00 

 

  

1x 11.95 a 17.15 a 69.50 a 69.50 

 

  

2x 11.85 ab 16.75 ab 69.00 a 69.00 
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Table 38: Density and year means comparisons of stiff stalk inbred lines for leaf axil position of the primary ear, leaf number days to 50% silking 

and days to 50% anthesis. Treatments for ear initial traits consisted of 1/2x (37,000 plants ha-1, 1x (74,000 plants ha-1), and 2 x (148,000 plants 

ha-1). Means with different letters indicate that the means are significantly different from one another at α = 0.05. 

Genotype Year Density Ear position (no.) Leaf number (no.) Days to 50% silking (days) Days to 50% anthesis (days) 

CG65 2012 1/2x 12.95 a 19.00 ab 71.00 b 72.00 c 

  

1x 12.90 a 18.90 ab 71.00 b 72.00 c 

  

2x 12.80 a 18.85 ab 72.00 b 73.50 bc 

 

2013 1/2x 11.90 b 18.50 b 75.50 a 75.50 ab 

  

1x 12.65 a 19.15 a 75.00 a 74.50 abc 

  

2x 12.65 a 18.90 ab 76.50 a 76.00 a 

       

CG102 2012 1/2x 9.15 b 14.05 bc 64.50 c 65.50 b 

  

1x 9.10 b 13.95 c 66.00 bc 68.00 ab 

  

2x 9.10 b 14.00 c 66.50 abc 69.50 a 

 

2013 1/2x 9.95 a 14.90 a 69.00 ab 68.50 ab 

  

1x 10.10 a 14.90 a 70.00 a 70.50 a 

  

2x 10.05 a 14.60 ab 70.00 a 70.00 a 
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Table 39: Density and year means comparisons of the single-cross sister line for leaf axil position of the primary ear, leaf number days to 50% 

silking and days to 50% anthesis. Treatments for ear initial traits consisted of 1/2x (37,000 plants ha-1, 1x (74,000 plants ha-1), and 2 x (148,000 

plants ha-1). Means with different letters indicate that the means are significantly different from one another at α = 0.05. 

Genotype Year Density Ear position (no.) Leaf number (no.) Days to 50% silking (days) Days to 50% anthesis (days) 

CG60 x CG108 2012 1/2x 11.40 

 

16.85 a 62.50 c 62.00 c 

  

1x 16.25 

 

16.70 a 63.00 bc 63.50 bc 

  

2x 10.95 

 

16.00 b 63.50 bc 65.50 ab 

 

2013 1/2x 11.95 

 

16.95 a 65.50 ab 65.50 ab 

  

1x 12.00 

 

17.05 a 66.50 a 66.50 a 

  

2x 11.80 

 

16.85 a 67.50 a 67.50 a 
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Table 40: Density and year means comparisons of the single-cross hybrid genotypes with CG60 for leaf axil position of the primary ear, leaf 

number days to 50% silking and days to 50% anthesis.  Treatments for ear initial traits consisted of 1/2x (37,000 plants ha-1, 1x (74,000 plants ha-

1), and 2 x (148,000 plants ha-1). Means with different letters indicate that the means are significantly different from one another at α = 0.05. 

Genotype Year Density Ear position (no.) Leaf number (no.) Days to 50% silking (days) Days to 50% anthesis (days) 

CG60 x CG65 2012 1/2x 11.70 

 

17.55 ab 64.50 c 65.50 b 

  

1x 11.85 

 

17.70 ab 65.00 c 66.00 b 

  

2x 11.95 

 

17.90 a 67.50 ab 68.50 a 

 

2013 1/2x 11.70 

 

17.75 ab 67.00 ab 66.00 b 

  

1x 11.85 

 

17.65 ab 66.00 bc 65.50 b 

  

2x 11.85 

 

17.35 b 68.50 a 68.00 a 

       

CG60 x CG102 2012 1/2x 10.90 ab 16.10 

 

63.50 c 64.50 b 

  

1x 10.75 b 16.00 

 

64.50 bc 66.50 ab 

  

2x 11.00 ab 16.10 

 

65.00 abc 68.50 a 

 

2013 1/2x 11.05 ab 16.20 

 

65.50 abc 64.50 b 

  

1x 11.10 ab 16.25 

 

66.50 ab 66.50 ab 

  

2x 11.25 a 16.25 

 

67.50 a 67.50 a 
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Table 41: Density and year means comparisons of the single-cross hybrid genotypes with CG108 for leaf axil position of the primary ear, leaf 

number days to 50% silking and days to 50% anthesis.  Treatments for ear initial traits consisted of 1/2x (37,000 plants ha-1, 1x (74,000 plants ha-

1), and 2 x (148,000 plants ha-1). Means with different letters indicate that the means are significantly different from one another at α = 0.05. 

Genotype Year Density Ear position (no.) Leaf number (no.) Days to 50% silking (days) Days to 50% anthesis (days) 

CG108 x CG65 2012 1/2x 12.35 a 18.05 a 65.50 cd 66.00 b 

  

1x 12.40 a 18.00 ab 64.50 d 66.00 b 

  

2x 11.90 b 17.55 bc 66.00 bcd 67.50 b 

 

2013 1/2x 11.95 b 17.70 ab 67.00 bc 67.00 b 

  

1x 11.95 b 17.80 ab 67.50 ab 67.50 b 

  

2x 11.95 b 17.20 c 69.00 a 69.50 a 

       

CG108 x CG102 2012 1/2x 11.25 ab 16.40 ab 63.50 b 64.50 b 

  

1x 10.95 b 15.95 b 64.00 b 65.50 b 

  

2x 11.25 ab 15.90 b 64.00 b 65.50 b 

 

2013 1/2x 11.25 ab 16.50 a 65.50 ab 65.50 b 

  

1x 11.45 a 16.50 a 67.00 ab 67.00 ab 

  

2x 11.25 ab 16.35 ab 68.00 a 69.50 a 
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Table 42: Density means comparisons of iodent lines for leaf axil position of the primary ear, leaf number days to 50% silking and days to 50% 

anthesis. Treatments for ear initial traits consisted of 1/2x (37,000 plants ha-1, 1x (74,000 plants ha-1), and 2 x (148,000 plants ha-1). Means with 

different letters indicate that the means are significantly different from one another at α = 0.05. 

Genotype Density Ear position (no.) Leaf number (no.) Days to 50% silking (days) Days to 50% anthesis (days) 

CG60 1/2x 11.08 b 16.43 b 66.00 

 

66.00 b 

 

1x 11.55 a 16.90 a 66.75 

 

67.00 a 

 

2x 11.45 a 16.48 b 66.75 

 

67.25 a 

          

CG108 1/2x 11.78 ab 16.95 a 67.00 

 

67.50 

 

 

1x-1/2x 11.93 a 17.18 a 67.25 

 

68.00 

 

 

2x 11.64 b 16.53 b 67.00 

 

68.50 
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Table 43: Density means comparisons of stiff stalk lines as well as the single cross sister line for leaf axil position of the primary ear, leaf number 

days to 50% silking and days to 50% anthesis. Treatments for ear initial traits consisted of 1/2x (37,000 plants ha-1, 1x (74,000 plants ha-1), and 2 

x (148,000 plants ha-1). Means with different letters indicate that the means are significantly different from one another at α = 0.05. 

Genotype Density Ear position (no.) Leaf number (no.) Days to 50% silking (days) Days to 50% anthesis (days) 

CG65 1/2x 12.43 b 18.75 

 

73.25 ab 73.75 ab 

 

1x 12.78 a 19.03 

 

73.00 b 73.25 b 

 

2x 12.73 ab 18.88 

 

74.25 a 74.75 a 

          

CG102 1/2x 9.55 

 

14.48 

 

66.75 

 

67.00 b 

 

1x 9.60 

 

14.43 

 

68.00 

 

69.25 a 

 

2x 9.58 

 

14.30 

 

68.25 

 

69.75 a 

      

CG60 x CG108 1/2x 11.68 

 

16.90 a 64.00 b 63.75 b 

 

1x 14.13 

 

16.88 a 64.75 ab 65.00 b 

 

2x 11.38 

 

16.43 b 65.50 a 66.50 a 
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Table 44: Density means comparisons of single-cross hybrid genotypes with CG60 for leaf axil position of the primary ear, leaf number days to 

50% silking and days to 50% anthesis. Treatments for ear initial traits consisted of 1/2x (37,000 plants ha-1, 1x (74,000 plants ha-1), and 2 x 

(148,000 plants ha-1). Means with different letters indicate that the means are significantly different from one another at α = 0.05. 

Genotype Density Ear position (no.) Leaf number (no.) Days to 50% silking (days) Days to 50% anthesis (days) 

CG60 x CG65 1/2x 11.70 

 

17.65 

 

65.75 b 65.75 b 

 

1x 11.85 

 

17.68 

 

65.50 b 65.75 b 

 

2x 11.90 

 

17.63 

 

68.00 a 68.25 a 

          

CG60 x CG102 1/2x 10.98 

 

16.15 

 

64.50 b 64.50 b 

 

1x 10.93 

 

16.13 

 

65.50 ab 66.50 a 

 

2x 11.13 

 

16.18 

 

66.25 a 68.00 a 
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Table 45: Density means comparisons of single-cross hybrid genotypes with CG108 for leaf axil position of the primary ear, leaf number days to 

50% silking and days to 50% anthesis.  Treatments for ear initial traits consisted of 1/2x (37,000 plants ha-1, 1x (74,000 plants ha-1), and 2 x 

(148,000 plants ha-1). Means with different letters indicate that the means are significantly different from one another at α = 0.05. 

Genotype Density Ear position (no.) Leaf number (no.) Days to 50% silking (days) Days to 50% anthesis (days) 

CG108 x CG65 1/2x 12.15 a 17.88 a 66.25 b 66.50 b 

 

1x 12.18 a 17.90 a 66.00 b 66.75 b 

 

2x 11.93 b 17.38 b 67.50 a 68.50 a 

          

CG108 x CG102 1/2x 11.25 

 

16.45 a 64.50 

 

65.00 b 

 

1x 11.20 

 

16.23 ab 65.50 

 

66.25 ab 

 

2x 11.25 

 

16.13 b 66.00 

 

67.50 a 
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Table 46: Year means comparisons of inbred lines as well as the single-cross sister line for leaf axil position of the primary ear, leaf number days 

to 50% silking and days to 50% anthesis. Means with different letters indicate that the means are significantly different from one another at α = 

0.05. 

Genotype Year Ear position (no.) Leaf number (no.) Days to 50% silking (days) Days to 50% anthesis (days) 

CG60 2012 11.28 

 

16.55 

 

65.00 b 65.83 b 

  2013 11.43 

 

16.65 

 

68.00 a 67.67 a 

          

CG108 2012 11.71 

 

16.86 

 

65.00 b 66.83 b 

  2013 11.85 

 

16.92 

 

69.17 a 69.17 a 

          

CG65 2012 12.88 a 18.92 

 

71.33 b 72.50 a 

  2013 12.40 b 18.85 

 

75.67 a 75.33 b 

          

CG102 2012 9.12 b 14.00 b 65.67 b 67.67 b 

  2013 10.03 a 14.80 a 69.67 a 69.67 a 

          

CG60 x CG108 2012 12.87 

 

16.52 b 63.00 b 63.67 b 

  2013 11.92 

 

16.95 a 66.50 a 66.50 a 
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Table 47: Year means comparisons of single-cross hybrid lines for leaf axil position of the primary ear, leaf number days to 50% silking and days 

to 50% anthesis. Means with different letters indicate that the means are significantly different from one another at α = 0.05. 

Genotype Year Ear position (no.) Leaf number (no.) Days to 50% silking (days) Days to 50% anthesis (days) 

CG60 x CG65 2012 11.83 

 

17.72 

 

65.67 b 66.67 

   2013 11.80 

 

17.58 

 

67.17 a 66.50 

           

CG60 x CG102 2012 10.88 b 16.07 

 

64.33 b 66.50 

   2013 11.13 a 16.23 

 

66.50 a 66.17 

           

CG108 x CG65 2012 12.22 a 17.87 a 65.33 b 66.50 b 

  2013 11.95 b 17.57 b 67.83 a 68.00 a 

          

CG108 x CG102 2012 11.15 

 

16.08 b 63.83 b 65.17 b 

  2013 11.32 

 

16.45 a 66.83 a 67.33 a 
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APPENDIX B: 

Table 1: Kendall’s Tau B rank correlation analysis for pooled inbred and hybrid data between the number 

of total and normal florets per row as well as the number of kernels per row. * denotes significant 

source of variation at p < 0.05, ** denotes significant source of variation at p < 0.0001, and n.s. denotes 

no significance 

Inbreds 

  Total Florets Kernels per Row 

Normal Florets 0.34 -0.02 

  * n.s. 

Total Florets  
0.08 

  
 

n.s. 

Hybrids 

  Total Florets Kernels per Row 

Normal Florets 0.59 0.06 

  ** n.s. 

Total Florets  
-0.02 

  
 

n.s. 
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Table 2: Heterosis analysis for the number of normal florets and number of total florets from ears 

harvested one week prior to silking. Hybrid and midparent means were calculated from 2012 and 2013 

data. Percent heterosis was only calculated in the event of significant difference in pair-wise t-test 

between hybrid and midparent data. 

Normal Florets 
 

Total Florets 

CG60 x CG108 
 

CG60 x CG108 

 
Mean SE P-value 

  
Mean SE P-value 

Hybrid 30.69 0.41 <.0001 
 

Hybrid 41.73 0.45 <.0001 

Midparent 26.45 0.39 
  

Midparent 36.26 0.43 
 % Heterosis 

  
116.02 

 
% Heterosis 

 
115.07 

         CG60 x CG65 
 

CG60 x CG65 

 
Mean SE P-value 

  
Mean SE P-value 

Hybrid 31.00 0.50 <.0001 
 

Hybrid 40.89 0.47 <.0001 

Midparent 25.96 0.50 
  

Midparent 34.99 0.46 
 % Heterosis 

  
119.42 

 
% Heterosis 

 
116.86 

         CG60 x CG102 
 

CG60 x CG102 

 
Mean SE P-value 

  
Mean SE P-value 

Hybrid 30.61 0.64 <.0001 
 

Hybrid 39.05 0.60 <.0001 

Midparent 26.55 0.62 
  

Midparent 35.08 0.58 
 % Heterosis 

  
115.29 

 
% Heterosis 

 
111.33 

         CG108 x CG65 
 

CG108 x CG65 

 
Mean SE P-value 

  
Mean SE P-value 

Hybrid 34.35 0.30 <.0001 
 

Hybrid 45.26 0.24 <.0001 

Midparent 26.43 0.29 
  

Midparent 35.96 0.24 
 % Heterosis 

  
129.98 

 
% Heterosis 

 
125.85 

         CG108 x CG102 
 

CG108 x CG102 

 
Mean SE P-value 

  
Mean SE P-value 

Hybrid 34.53 0.66 <.0001 
 

Hybrid 44.79 0.38 <.0001 

Midparent 26.78 0.62 
  

Midparent 37.26 0.39 
 % Heterosis 

  
128.96 

 
% Heterosis 

 
120.21 
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Table 3: Heterosis analysis for the number of kernels per row and the number of rows found on mature 

ears. Hybrid and midparent means were calculated from 2012 and 2013 data. Percent heterosis was 

only calculated in the event of significant difference in pair-wise t-test between hybrid and midparent 

data. 

Kernels per Row   Kernel Row Number 

CG60 x CG108   CG60 x CG108 

 
Mean SE P-value 

  
Mean SE P-value 

Hybrid 27.30 0.30 <.0001 
 

Hybrid 13.47059 0.10 0.019 

Midparent 20.22 0.29 
  

Midparent 13.81 0.10 
 % Heterosis 

 
135.02 

 
% Heterosis 

 
97.54 

         CG60 x CG65   CG60 x CG65 

 
Mean SE P-value 

  
Mean SE P-value 

Hybrid 31.90 0.34 <.0001 
 

Hybrid 12.88442 0.08 0.1271 

Midparent 19.15 0.34 
  

Midparent 12.71 0.08 
 % Heterosis 

 
166.52 

     

         CG60 x CG102   CG60 x CG102 

 
Mean SE P-value 

  
Mean SE P-value 

Hybrid 30.58 0.37 <.0001 
 

Hybrid 14.26154 0.11 <.0001 

Midparent 17.83 0.37 
  

Midparent 13.01508 0.11 
 % Heterosis 

 
171.54 

 
% Heterosis 

 
109.58 

         CG108 x CG65   CG108 x CG65 

 
Mean SE P-value 

  
Mean SE P-value 

Hybrid 32.03 0.41 <.0001 
 

Hybrid 13.68254 0.11 0.90 

Midparent 19.22 0.40 
  

Midparent 13.70101 0.11 
 % Heterosis 

 
166.60 

     

         CG108 x CG102   CG108 x CG102 

 
Mean SE P-value 

  
Mean SE P-value 

Hybrid 32.72 0.40 <.0001 
 

Hybrid 14.42051 0.11 0.0416 

Midparent 17.81 0.39 
  

Midparent 14.09137 0.11 
 % Heterosis 

 
183.67 

 
% Heterosis 

 
102.33 
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Table 4: Heterosis analysis 100 kernel weight. Hybrid and midparent means were calculated from 2012 

and 2013 data. Percent heterosis was only calculated in the event of significant difference in pair-wise t-

test between hybrid and midparent data. 

100 Kernel weight 

CG60 x CG108 

 
Mean SE P-value 

Hybrid 25.65 0.81 0.7909 

Midparent 25.95 0.80 
 

    

    CG60 x CG65 

 
Mean SE P-value 

Hybrid 29.24 0.81 <.0001 

Midparent 21.61 0.81 
 % Heterosis 

 
135.3312 

    CG60 x CG102 

 
Mean SE P-value 

Hybrid 26.29 0.81 0.0404 

Midparent 23.95 0.79 
 % Heterosis 

 
109.7693 

    CG108 x CG65 

 
Mean SE P-value 

Hybrid 29.08 0.45 <.0001 

Midparent 22.07 0.45 
 % Heterosis 

 
131.7308 

    CG108 x CG102 

 
Mean SE P-value 

Hybrid 27.02 0.35 <.0001 

Midparent 24.49 0.35 
 % Heterosis 

 
110.3525 
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Figure 5: Representative composite images of ear initials harvested one week prior to silking and stained 

using basic fuschin. 

 

 


