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INTRODUCTION 

Lodging may be defined as a collapse or breakage of the 

primary stalk below the primary ear node. Harvest losses 

due to stalk lodging have been estimated to cost farmers 5 

to 20 percent of their crop annually (Zuber, 1973). Furth-

ermore, severe lodging can slow harvest, resulting in great-

er time and fuel consumption. Lodging resistance of corn 

Zea mays L. hybrids is affected by such factors as inherent 

stalk strength, cultural practices, soil moisture condi-

tions, diseases, insects, and date of harvest. Stalk rot 

continues to be a major factor contributing to lodging, alt-

hough commercial hybrids now have considerable resistance to 

many of the causal organisms. 

Breeding for improved stalk quality continues to be an 

important aspect of both public and private maize breeding 

programs. A recent survey by Bauman (1981) indicates that 

67% of both public and private corn breeders artificially 

inoculate with various stalk rot organisms when evaluating 

their germplasm. Iowa research comparing the popular hy-

brids of each decade from 1930 to 1970 indicates that steady 

improvements have been made in lodging resistance as well as 

yield (Russell, 1974). 
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Research has shown that crushing strength, rind 

thickness, and weight of stalk section are accurate indica-

tors of stalk strength in corn. However, accumulating this 

type of data in a breeding program is costly and time con-

suming. Clearly, corn breeders need a rapid, yet reliable 

method of evaluating their germplasm for stalk strength. A 

commercially available rind penetrometer offers the poten-

tial for meeting this requirement. This hand-held instru-

ment functions by measuring in load pounds the force re-

quired to push a dull needle through the rind of a corn 

stalk into the pi th (Agr. Res. Bull. USDA-ARS, 1975). It is 

designed to be used for evaluating rind strength of the corn 

stalk under field conditions and measurements can be ob-

tained any time from about one week prior to flowering until 

physiological maturity. Rind puncture is a non-destructive 

technique which is primarily a measure of rind ·hardness. 

The objectives of this research were: 

1. to estimate the combining abilities for stalk quali-

ty, as measured by rind puncture, for twelve inbred 

lines of maize representing elite Corn Belt germplasm 

and to investigate the relationships between stalk 

quality, grain yield, and planting density, 

2. to assess the practical utility of the rind penetrom-

eter in an applied maize breeding program. 



LITERATURE REVIEW 

Corn, Zea mays L., is a member of the grass family, 

Gramineae, with many characteristics common to other grass-

es, such as conspicuous nodes in the stem, a single leaf at-

tached to each node by a sheath surrounding the stem, and 

opposite ranking leaves (Kiesselbach, 1949). As with other 

grasses, corn has a tendency to form branches at the nodes 

and adventitious roots at the base of the internodes. All 

stems and branches normally form terminal inflorescences in 

which the flowers are produced in spikelets, each flower be-

ing enclosed between two bracts, the lemma and palea. 

Typical corn plant stems consist of alternating nodes 

and internodes, the number of which may vary depending upon 

regional type and environmental effect (Kiesselbach, 1949). 

Approximately eight internodes remain very short and below 

ground forming an inverted cone-shaped basal end of the stem 

known as the crown. Crown internodes give rise to the ad-

ventitious crown root system. Adventitious brace roots may 

develop from the base of one to several lower, above-ground 

internodes. Internodes above ground are distributed over a 

stem length of 2.54 meters or more with stem diameter being 

3 
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greatest at the basal internodes and gradually tapering to-

ward the top. 

Histological studies indicate that the stern tip becomes 

evident very early in the growth and differentiation of the 

embryo as a hemispherical mass of rneristernatic tissue (Kies-

selbach, 1949; Sass, 1977). Studies by Sharman (1942) and 

Esau (1943) indicate that the vascular bundles arise from a 

differentiation of the procarnbial strands and extend through 

both nodes and internodes. The outermost layer of cells of 

the procarnbial strand give rise to the sclerenchyrnatous bun-

dle sheath which encases the vascular bundle (Esau, 1943; 

Sass, 1977). Esau (1943) points out that though the bundle 

sheath is part of the vascular bundle, it is not sharply se-

parated from the tissue outside the bundle. The bundle 

sheath may be confluent with the hypoderrnal sclerenchyrna 

which arises partly from division and elongation of parench-

yrna cells, as does the peripheral sheath cells, and partly 

from derivatives of the protoderm. 

Sass ( 1977) describes the peripheral bundles of the 

stern as having wider sheaths than the bundles toward the 

center. Outward from the center of the stern the parenchyrna 

cells are progressively smaller and the intercellular spaces 

are smaller as well. The cells in the transition zone bet-

ween center and periphery resemble collenchyrna. The cell 
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walls become thicker as the periphery of the stem is ap-

proached, until a zone is reached in which the interfasicu-

lar cells are typical sclerenchyma. The hypodermal zone is 

considerably sclerified. Epidermal cells are small with 

very thick cell walls and a high degree of lignification. 

Stomata are present in the epidermis, though fewer in number 

than in the epidermis of the leaves. 

The zone of cells that includes the epidermis and ex-

tends inward through the sclerified parenchyma has been de-

signated the "rind" for lack of a better term (Sass, 1977). 

This zone is of particular interest in relation to stalk 

stiffness, lodging resistance, and possibly resistance to 

insect and fungal damage. The strength of the internode de-

pends upon the amount and degree of lignification of the 

sclerenchyma next to the epidermis and around the peripheral 

bundles. These differences are hereditary and are associat-

ed with stalk breaking strength and lodging resistance 

(Kiesselbach, 1949). Magee (1948) reported that a low bun-

dle number per square millimeter in the rind, a high percen-

tage of sheath per bundle, large stalk diameter, and a wide 

lignified zone were consistently related to stalk strength 

in corn. 

Chang et al. (1976), investigated the effects of recur-

rent selection for crushing strength on morphological and 
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anatomical traits in corn. They found that area of vascular 

bundles, area of lignification, area of rind, rind weight, 

and weight of stalk section in four populations were in good 

agreement with the response of rind crushing strength to se-

lection. Rind weight had the highest significant correla-

tion coefficient (. 75) with crushing strength and was the 

most important trait in predicting rind crushing strength. 

Lignif ied area of the rind and area of the vascular bundles 

in the rind were also shown to be important. 

MEASUREMENT AND INHERITANCE OF STALK STRENGTH 

Zuber and Grogan ( 1961) investigated the relationship 

between certain morphological characters and stalk lodging 

in corn. The length, diameter, and breaking pressure of the 

second internode of mature corn plants were.determined. Ad-

ditionally, rind thickness, weight of 2-inch stalk section, 

crushing strength, and diameter were determined for the 

third internode. Highly significant negative correlations 

were found between stalk lodging and breaking strength 

(-.40), rind thickness (-.57), and crushing strength (-.53). 

Rind thickness was found to be highly and significantly cor-

related with crushing strength (. 87) and weight of stalk 

section ( . 86) . 
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Studies by Thompson (1964) on comparative strength of 

corn stalk internodes indicated that the mean values for 

crushing strength, rind thickness, and internode diameter 

decreased progressively beginning with the lowest internode 

above ground and moving up to and including the internode 

immediately below the primary ear. Thompson (1970) reported 

data based on several experiments, indicating that specific 

gravity, i.e. dry weight/green volume, of stalk sections of 

corn were significantly and negatively correlated with stalk 

lodging ( - . 71 and - . 85) and were significantly correlated 

with crushing strength (.79, .88, .51), rind thickness (.76 

and .39), and rind puncture (.66 and .67). 

Chang and Loesch ( 1972) indicated that stalk lodging 

was genetically correlated with area of rind, crushing 

strength of stalk sections, rind thickness, and weight of 

stalk section. They also found crushing strength to be po-

sitively correlated with area of rind, weight of stalk sec-

tion, and rind thickness. They concluded that rind attri-

butes were more frequently correlated with stalk quality 

criteria than pith attributes. 

Cloninger et al. (1970) found that crushing strength, 

rind thickness and weight of 5.1 cm stalk sections gave the 

most precise and complete estimate of stalk quality. The 

rind accounted for approximately 65% of the total crushing 
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strength for 15 Ft single crosses not inoculated with Diplo-

dia maydis. The contribution of the rind to total crushing 

strength was approximately 63% for the Ft single crosses in-

oculated with Diplodia maydis. Additionally, they found 

that inoculated hybrids had thicker rinds and heavier stalk 

section weights. Their findings support the conclusion of 

Thompson (1963) in that rind thickness appears to be a major 

component of crushing strength. Furthermore, they concluded 

that both rind and pith contribute to stalk quality. 

Zuber et al. (1980) studied the relative contribution 

of the rind and pi th components to total stalk crushing 

strength. Experimental material consisted of the original 

population and the first, third, and fifth cycles of recur-

rent selection for high and low crushing strength in two 

maize synthetics, MSQA and MSQB·. They reported that crush-

ing strength of the intact stalk section and rind-only sec-

tion followed a linear response to selection in both high 

and low directions. The pith component contributed propor-

tionally more to stalk crushing strength in the high selec-

tions than in the low selections. They also indicated that 

the pith contribution to total stalk stength was from 20 to 

50 percent and is greater than previously realized. Addi-

tionally, the magnitude of change in rind thickness did not 

account for the increase in rind strength in the high selec-
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tions. This suggested that rind composition may be as im-

portant as rind thickness in improving total stalk strength. 

They concluded that methods of evaluating rind composition 

are needed. Further, they concluded that the pith contri-

butes significantly to total strength and that breeders who 

presently select for rind contribution (by rind puncture) 

would make greater progress by measuring strength of the en-

tire stalk section that includes both the pi th and rind. 

They also point out that since the pith contributes to total 

stalk strength, development of stalk rot resistant strains 

is important. 

Miller and Myers ( 1974) investigated the relationship 

between pith cell death and various stalk quality traits in 

two synthetic populations of maize. Their results indicate 

that pith cell death occurred earlier and in greater amounts 

in the upper internodes than in the lower internodes. Se-

lection for high crushing strength resulted in lower cell 

death ratings than selection for low crushing strength. Se-

lection for high or low crushing strength also resulted in a 

corresponding increase or decrease in stalk section weight, 

rind thickness, and rind puncture. Pith cell death ratings 

were highly and negatively correlated with all four stalk 

quality traits. 
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Zuber and Loesch (1966b) investigated the relationship 

of total ash content and potassium content to stalk strength 

in corn. Their results demonstrated a significant negative 

correlation between ash content and crushing strength, rind 

thickness, and weight of stalk section over three years and 

two locations. However, no significant correlation existed 

between potassium content and the stalk quality traits. 

Data on optimum sampling time of stalk quality in maize 

by rind puncture and crushing strength is limited. Colbert 

and Zuber (1978) evaluated stalk quality of six single 

crosses of corn by rind puncture and crushing strength at 

2-week intervals beginning at 1 week preflowering. Their 

results indicate that the greatest precision is provided by 

rind puncture data taken approximately 2-3 weeks post flow-

ering. Correlation between rind puncture and crushing 

strength at this date was highly significant (.87). 

Recurrent selection programs based on selection for su-

perior stalk traits appear quite successful at improving po-

pulations for stalk lodging resistance. Studies by Thompson 

(1963) on selection for both lodging resistance and suscep-

tibility in two maize synthetics indicated that in general, 

lodging was inversely related to crushing strength and rind 

thickness. Both crushing strength and rind thickness were 

significantly correlated with stalk lodging (-.70 and -.60, 
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respectively) and root lodging (.50 and .49, respectively). 

It was concluded that rind thickness appeared to be a major 

component of crushing strength and crushing strength in turn 

is a major component of lodging resistance. 

Thompson (1969, 1972) practiced recurrent selection in 

two maize synthetics for lodging resistance and susceptibil-

ity by counting erect plants at maturity. Changes in stalk 

and agronomic traits were determined by evaluating crosses 

between comparable cycles of the two synthetics. He found 

that as the percentage of erect plants increased, stem tis-

sue became stronger and denser; the rind became thicker and 

more resistant to puncture; the pith became more resistant 

to stalk rot and had delayed senescence; and the roots prol-

iferated more and persisted longer. Percent erect plants 

was significantly and positively correlated with crushing 

strength, rind thickness, specific gravity, and rind punc-

ture. Percent erect plants was significantly and negatively 

correlated with water content, pith rating, and stalk rot. 

Crushing strength was positively correlated with rind thick-

ness, specific gravity, and rind puncture and negatively 

correlated with pith rating and stalk rot. 

Jinahyon and Russell (1969) compared the original 

open-pollinated maize variety, 'Lancaster', with three cy-

cles of this population derived by recurrent selection for 
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improved resistance to Diolodia zeae for several stalk qual-

ity characteristics. They observed a significant increase 

in mechanical stalk strength, crushing strength, and rind 

thickness; whereas, natural stalk rot and stalk lodging de-

creased. Additionally, they found a highly significant, li-

near decrease in mechanical stalk strength among the four 

cycles over dates of sampling with samples taken at two-week 

intervals beginning four weeks after silking. However, a 

significant cycles x dates interaction indicated that the 

linear change in mechanical stalk strength over dates was 

not similar among the four cycles. 

Four cycles of recurrent selection for crushing 

strength by Zuber (1973) in two synthetics, MSQA and MSQB, 

indicated a nearly linear response to selection for rind 

thickness, stalk section weight, and rind puncture. Selec-

tion for high crushing strength gave a nearly linear de-

crease in stalk lodging for MSQA, but an erratic response 

for MSQB. 

Several researchers have studied the inheritance of 

stalk quality traits in maize to determine the genetic basis 

of stalk strength and lodging resistance. Loesch et al. 

(1963) studied the inheritance of crushing strength and rind 

thickness in four inbred lines of corn and found a close 

correspondence between rind thickness and crushing strength 
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values. Analysis of variance indicated that differences in 

crushing strength and rind thickness have a genetic basis. 

Sleper and Russell (1970) compared stalk characters 

among 43 randomly chosen S 7 inbred lines from Stiff Stalk 

Synthetic and check lines chosen for their known reaction to 

Diplodia maydis. Two single cross testers, one susceptible 

to Diplodia and one with intermediate resistance, were used 

to evaluate the lines in hybrid combination. Their results 

indicated that mechanical breaking strength, rind thickness, 

and natural stalk lodging of the random lines were correlat-

ed with the natural stalk lodging of the testcrosses, with 
. 

values of -.46, -.47, and .57, respectively. Narrow sense 

heritability estimates for mechanical strength, crushing 

strength, rind thickness, weight of stalk section, and na-

tural stalk lodging for the random lines per se were .90, 

.61, .74, .88, and .59, respectively. 

Diallel analysis by Loesch (1972) of stalk quality 

traits for 12 inbred lines of maize indicated that additive 

genetic variation usually constituted the major portion of 

the genetic variation among the 66 F 1 hybrids. Broad sense 

heritability estimates for crushing strength and rind thick-

ness were lower than for the less commonly used traits of 

diameter, stalk section weight, and density of stalk sec-

tion. 
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Arnold and Josephson (1975) studied the i~eritance of 

stalk quality characters in four inbred lines of maize, 

their six F1 's, six F 2 's, and 12 first generation backcross-

es. In general, additive genetic effects were found to be 

more important than non-additive effects for percentage 

senescent stalks, crushing strength, and rind thickness. 

Narrow sense heritability estimates for crushing strength 

ranged from .28 to .53 with a mean of .45 for all crosses. 

Narrow sense heritability estimates for rind thickness 

ranged from .33 to .62 with a mean of .44 for all crosses. 

The identification of genes or chromosome segments con-

ditioning various stalk quality traits would be useful for 

corn breeders developing inbred lines and hybrids with im-

proved stalk strength and lodging resistance. Kang et al. 

(1979) conducted studies to obtain information on the number 

of chromosome arms carrying genes conditioning stalk-section 

weight, crushing strength, and rind thickness in the inbred 

lines Bl4A and B37. Each of the twenty translocation stocks 

of the inbred line Ml4 were crossed to B14A and B37. 

They found that genes controlling stalk section weight 

were distributed in nearly all ten linkage groups. A number 

of chromosome arms of B37 were apparently involved in condi-

tioning stalk section weight. It was concluded that the 

long arm of chromosome 9 carried genes for stalk section 
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weight in this line. Genes controlling stalk crushing 

strength were apparently located on six chromosome arms of 

Bl4A. It was concluded that the short arm of chromosome 8 

carried genes for crushing strength in B14A. Seven chrome-

some arms were identified as possibly carrying genes condi-

tioning crushing strength in B37. Four chromosome arms of 

B37 were implicated in carrying genes for rind thickness. 

Data on rind thickness was inconclusive for B14A. They con-

cluded that the inheritance of these three stalk quality 

traits was polygenic, which suggested that transfer of a 

high degree of stalk lodging resistance by backcrossing may 

be difficult. 

EFFECT OF PLANT POPULATION ON STALK QUALITY 

The effect of increasing plant population per hectare 

on stalk quality and resistance to stalk lodging has been a 

major concern to corn breeders, particularly with the advent 

of applied nitrogen fertilizers and increased planting 

rates. Zuber and Grogan (1961) invest~gated the effect of 

increasing plant density per hectare on stalk lodging and 

stalk quality traits in corn. Increasing plant populations 

exerted a definite influence on stalk lodging and stalk 

quality traits. In general, as plant population was in-

creased, stalk lodging increased and crushing strength, rind 

thickness, and stalk section weight decreased. 
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Genter and Camper ( 1973) conducted an experiment to 

determine the effect of four plant populations on component 

plant part development in maize hybrids. Their results in-

dicated that as plant population increased, stalk diameter, 

percent erect plants, and weight per ear decreased. 

Russell and Machado (1978) conducted studies on inbred 

line development of maize using five selection procedures. 

Comparisons were made to determine the effect of plant den-

sities on testcross performance. In general, as plant densi-

ty increased, percent stalk lodging also increased. 

Zuber and Dicke (1964) investigated the effects of 

plant populations, nitrogen levels, and European corn borer, 

Ostrinia nubilalis Hubner, on stalk quality of corn hybrids. 

In general, as plant populations and nitrogen levels in-

creased, crushing strength and rind thickness decreased. 

Damage by European corn borers resulted in decreased crush-

ing strength but had no significant effect on rind thick-

ness. 

Thompson (1964) conducted experiments over three years 

at two or more locations to determine the effects of four 

plant densities per hectare on stalk lodging, crushing 

strength, and rind thickness. The results were in good 

agreement with those of Zuber and Grogan {1961) in that as 

plant population increased, stalk lodging increased, and 
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crushing strength and rind thickness decreased. Additional-

ly, significant interactions were detected for hybrids x lo-

cations and hybrids x years x locations. He concluded that 

obtaining data from more than one environment would be desi-

rable. Thompson (1970) also found that specific gravity de-

creased as plant population increased from 14,800 to 59,300 

plants per hectare. 

Zuber and Loesch (1966a) conducted experiments to det-

ermine the relative effects of years and locations on crush-

ing strength, rind thickness, and stalk section weight. 

They found that different years had a larger effect on 

crushing strength, rind thickness, and stalk section weight 

than did different locations. A significant first order in-

teraction for locations x years for crushing strength and 

stalk section weight but not for rind thickness suggested 

that some factor, e.g., stalk rot, was changing pith compo-

sition. It appeared that crushing strength and stalk sec-

tion weight were more influenced by the environment than was 

rind thickness. They concluded that progress can be made 

for one location but that data for more than one year was 

needed for greater precision. 
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GRAIN YIELD AND STALK QUALITY 

The association of high grain yield in maize with sus-

ceptibility to stalk breakage and . lodging has frequently 

been observed by agronomists. Previously mentioned studies 

by Thompson (1969, 1972) indicated that as percentage of er-

ect plants increased, grain yield decreased with fewer ears 

per plant but maturity did not change. Erect plants had 

significant, negative correlations with grain yield and ears 

per plant. Thompson (1963) found that selection for lodging 

resistance resulted in decreased grain yield, number of ears 

per plant, and ear height. Selection for lodging suscepti-

bility also resulted in decreased grain yield. 

In contrast, previously mentioned studies by Zuber 

( 1973) indicated that selection for high or low crushing 

strength in MSQA and MSQB had no consistent effect on grain 

yield. Increase in yield appeared to reflect selection for 

high crushing strength in synthetic MSQB, whereas, no pat-

tern of response for yield resulted from selection for eith-

er high or low crushing strength in MSQA. No definite trend 

in grain moisture was associated with selection for either 

high or low crushing strength. 

Singh et al. ( 1969) reported on the relationship bet-

ween grain yield and three stalk quality traits for the S 0 

and S 1 progenies from the F 2 , first generation backcross-re-



19 

sistant (BC 1 R), first generation backcross-susceptible 

(BC 1 S), BC 2 R, and BC 2 S from the single cross Mo22 x Mo940. 

Mo22 has superior stalk lodging resistance and Mo940 is 

highly susceptible to both stalk rot and stalk lodging. They 

found that crushing strength and stalk section weight usual-

ly increased and grain yield decreased with increases in the 

germplasm contributed by the lodging resistant parent.- How-

ever, among the 15 genetic correlations between yield and 

stalk traits for the S 1 progenies, only yield vs stalk sec-

tion weight from the F2 and BC 1 R and yield vs crushing 

strength from the BC 1 R were significant and negative. All 

correlations between the various stalk traits in these gen-

erations were positive and significant. Genetic correla-

tions between stalk traits of the S 0 parents with yield of 

the S 1 progenies were significant only for S 0 stalk section 

weight vs S1 yield for the F 2 and BC 2 R generations. They 

concluded that little, if any genetic correlation existed 

between the three stalk traits and yield in this population. 

Furthermore, they postulated that there was considerable 

variation for stalk traits not associated with yield and 

that some progress could be made from mutual selection for 

both. 

Davis and Crane (1976) selected for increased rind 

thickness in a maize synthetic and determined the associated 
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height, and ear height. 

20 

grain yield, grain moisture, plant 

They found that lodging decreased 

from 24. 2 to 20. 7% after two cycles of selection in top-

crosses of the selected populations with five single cross 

testers and from 25.7 to 19.1% after three cycles of selec-

tion in the population per se. Grain yield decreased with 

selection for rind thickness from 64. 3 to 50. 9 quintalsjha 

in the populations per se and from 67.9 to 64.7 quintals/ha 

in the topcrosses. 

Five maize variety hybrids were evaluated by Fakorede 

and Mock (1978) for improvements in stalk quality and resis-

tance to first brood European corn borer. BSSS(R)CO x 

BSCBl(R)CO, BSSS(R)CS x BSCBl(R)C5, and BSSS (R)C7 x 

BSCBl(R)C7 were derived from a reciprocal recurrent selec-

tion program for grain yield. · BS12CO x Bl4A and BS12C6 x 

Bl4A were derived from a half-sib selection program for 

grain yield. Rind puncture and mechanical breaking strength 

significantly increased between CO x CO and C7 x · C7 for 

BSSS(R) x BSCBl(R). Percent lodging significantly decreased 

as well. Grain yield was significantly increased for all 

cycles beyond CO for the five variety hybrids. · 
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STALK ROT AND STALK QUALITY 

The effects of stalk rot on stalk quality and subse-

quent susceptibility to stalk lodging have been well docu-

mented. Christensen and Wilcoxson (1966) have discussed the 

salient points relating to stalk rot in corn and its effect 

on stalk quality. In general, they indicated that stalk rot 

perhaps causes the greatest damage when it develops in the 

basal portion of the stalk, particularly in that part ex-

tending below ground because it involves destruction of tis-

sues to which roots are attached. Under certain conditions 

much of the water and nutrients taken up by the root never 

reach the above ground portions of the plant. This results 

in barren stalks or small ears and apparent early matura-

tion. They also indicated that corn does not generally be-

come susceptible to stalk rot until about silking time. At 

that time physiological changes occur whereby plants become 

more vulnerable to attack and rot progresses more rapidly. 

Living stalk tissue is much less subject to attack by pri-

mary or secondary pathogens since many stalk rot organisms 

cannot enter healthy growing plants. 

Christensen and Wilcoxson (1966) also describe several 

other factors affecting stalk rot development in corn. They 

indicate that temperature, rainfall, and humidity have a 

marked influence on infection of stalks and development of 
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stalk rot. They also point out that many researchers have 

demonstrated that soil fertility affects yield and lodging 

in corn. High nitrogen levels will increase lodging, wher-

eas high potassium levels will tend to decrease it. Addi-

tionally, they indicate that higher planting rates generally 

make plants more prone to stalk rot. Stalks of plants grown 

under crowded condi t'ions are smaller in diameter and are 

probably more susceptible to breakage following invasion by 

stalk rotting organisms. Finally, they add that complete or 

severe defoliation of corn plants by hail, insects, or fun-

gal or bacterial blights increases the level of stalk rot. 

Stalk lodg~ng-resistant and lodging-susceptible single 

crosses were utilized by Loesch et al. (1962) to determine 

the effects of Diplodia maydis stalk rot on rind thickness 

and crushing strength. Crushing strength of lodging-suscep-

tible crosses was reduced but rind thickness was not affect-

ed by inoculation with Diplodia stalk rot. Inoculated stalk 

lodging-resistant and lodging-susceptible single crosses 

differed significantly in stalk rot ratings, al though rat-

ings for resistant crosses were nearly as great as for sus-

ceptible ones. In general, lodging-resistant plants had 

thicker rinds and stronger stalks than lodging-susceptible 

plants. It was concluded that a selection index combining 

rind thickness, crushing strength, and stalk rot rating 
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would be most useful for developing lodging-resistant corn 

lines. 

Studies previously alluded to by Cloninger et al. 

( 1970) also showed that, in general, single crosses inocu-

lated with Diplodia maydis had lower crushing strength va-

lues than non-innoculated counterparts. Inoculation did not 

affect crushing strength of single crosses involving lodg-

ing-resistant parent Bl4. Additionally, crosses involving 

lodging resistant lines had thicker rinds than crosses in-

volving lodging-susceptible lines. Inoculated treatments 

had significantly thicker rinds than non-inoculated treat-

ments. Significant negative correlations were found between 

crushing strength, rind thickness, weight of stalk section, 

and weight of rind section and Diplodia ratings. 

Loesch et al. (1972) investigated the effects of Diplo-

dia mavdis stalk rot on stalk quality in corn. They found 

that Diplodia stalk rot reduced crushing strength and in-

creased stalk rot rating but had no significant effect on 

rind thickness or stalk section weight. Increasing plant 

populations reduced crushing strength, rind thickness, and 

stalk section weight, but increased stalk rot ratings. They 

concluded that the incidence and severity of stalk rot, a 

component of stalk lodging, becomes 

population increases. Furthermore, 

more serious as plant 

they stated that high 
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stalk strength per se does not assure resistance to stalk 

lodging. 

An attempt was made by Mortimore and Wall ( 1965) to 

clarify the relationships between grain development and 

plant competition·with the incidence of stalk rot. Results 

for two single crosses showed that stalk rot occurred earli-

er and at higher levels with increasing plant population. 

As plant population increased, grain yield decreased, the 

percentage of barren plants increased, and the number of 

tillers per plant decreased. Those plants which developed 

stalk rot late in the season had higher grain yields than 

those which had stalk rot early. They concluded that the 

increasing incidence of stalk rot as plant population in-

creased may partially account for increases in stalk break-

age at higher populations; however, stalk strength based on 

morphology is also affected by plant population. 

Mortimore and Gates ( 1969) conducted experiments to 

determine the periods during plant growth when accumulated 

stress effects irreversibly impair the ability of the plant 

both to develop an ear and to maintain the best possible 

stalk condition. They found that removal of alternate com-

peting plants at any time up to four weeks after midsilk 

greatly reduced the proportion of plants developing stalk 

rot. The incidence of stalk rot increased progressively in 
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plots thinned less than four weeks before physiological ma-

turity. Similarly, up to one month before physiological ma-

turity, stress had little effect on weight of individual 

kernels but stresses imposed during the month preceding phy-

siological maturity decreased individual kernel weight sub-

stantially. Ear removal three weeks or more before maturity 

nearly eliminated stalk rot whereas later removal had pro-

gressively less effect. They concluded that the four weeks 

preceding physiological maturity are critical in determining 

stalk rot resistance. Furthermore, the ability to resist 

physiological impairment under stress conditions such as 

moisture stress and high plant populations and yet recover 

from stress effects is an essential attribute of a stalk-

rot-resistant genotype. 

The relationship between water content of living cells 

and the spread of Diplodia zeae in corn stalks was investi-

gated by Pappelis and Smith ( 1963). Their results showed 

that well-hydrated, high density pith tissue is comprised of 

living cells; whereas, low-density, white tissue contains a 

high proportion of dead parencyma cells. Furthermore, these 

two conditions are associated with resistance and suscepti-

bility, respectively. Field susceptibility to stalk rot oc-

curred only when stalk tissue contained a high proportion of 

dead cells. They concluded that inherent susceptibility was 
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related to the presence of many dead cells in the stalks and 

that the spread of Diplodia zeae was inhibited by living 

cells. 

Craig and Hooker (1961) investigated the relation bet-

ween sugar trends and pith density and Diplodia stalk rot in 

corn. Resistance to stalk rot was positively correlated 

with pith density among the inbred lines used. Sugar analy-

sis of the lines showed that a downward trend in sugar lev-

els after silking is positively associated with senescence 

and susceptibility. Decreasing sugar levels were accompa-

nied by a decrease in the number of living cells in the 

pith. They concluded that any environmental factor such as 

leaf damage, i.e., reduced photosynthetic area, that influ-

ences the degree of senescence of pith tissue would also in-

fluence invasion by stalk rottirig organisms. 

Pappelis (1970) studied the effect of root and leaf in-

jury on cell death and stalk rot susceptibility in corn. 

Results indicated a strong relationship between pi th cell 

death and stalk rot susceptibility. Rates of cell death 

changed with injuries to the plant. In general, root damage 

resulted in the greatest level of cell death and stalk rot 

susceptibility. Removal of the lower four leaves and 

sheaths resulted in little or no change in cell death rates. 

It was concluded that the natural increase in susceptibility 
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to stalk rot is related to rates of cell death of pith tis-

sue following stalk elongation. 

Dodd (1977, 1980a) has proposed a photosynthetic 

stress-translocation balance concept to explain the predis-

position of maize to stalk rot and the dynamics of host 

plant-pathogen-environmental interactions influencing stalk 

rot. According to this hypothesis, predisposition is asso-

ciated with carbohydrate shortage in the root tissue, which 

is caused by the combination of reduction of photosynthesis 

and intra-plant competition for carbohydrate by the develop-

ing kernels of grain. Consequently, root tissue has a weak-

ened cellular defense system. As a result, roots are rot-

ted, the plant wilts, and stalk rot develops. 

Dodd ( 1980b) investigated the relationship of grain 

sink size and predisposition to stalk rot in corn. In this 

~tudy, grain sink size referred to the rate of translocation 

to the ear on a plant, and not the total carbohydrate depo-

sited in the ears by the end of a season. He found that 

corn plants with rotted stalks had more kernels than geneti-

cally identical neighboring plants with healthy stalks. 

This evidence appeared to support the photosynthetic 

stress-translocation balance hypothesis of predisposition to 

stalk rot in that a higher kernel number represented an in-

creased grain sink resulting in a carbohydrate imbalance de-

trimental to the root tissue. 
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COMBINING ABILITY 

Combining ability is described as the productivity or 

worth of any line in hybrid combination (Allard, 1960). 

Diallel analysis is a method of estimating general combining 

ability (GCA) and specific combining ability (SCA). A dial-

lel crossing scheme consists of p lines with a maximum of p 2 

possible combinations (Griffing, 1956). The p 2 combinations 

are comprised of the p parental lines, one set of l/2p (p-1) 

F 1 's, and the l/2p (p-1) reciprocal F1 's. 

A fixed effects model is used when inferences are to be 

made about only the parental lines (Griffing, 1956). Exper-

imental objectives under this model are to estimate combin-

ing abilities of the parents and identify those with good 

corr~ining ability. When inferences are to be made about a 

population from which the parental lines are randomly cho-

sen, a random effects model is appropriate. Experimental 

objectives are to estimate the genetic and environmental 

components of the population variance. These two classes of 

models have been designated as models I and II, respective-

ly, by Eisenhart (1947). 

Baker (1978) has reviewed the important issues in dial-

lel analysis. A major issue concerns whether the parents 

are regarded as the population about which inferences are to 

be made (fixed model) or as a random sample from some larger 
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population of parents (random model). Additionally, the as-

sumptions concerning independent distribution of genes in 

the parents is most critical to proper interpretation, yet 

seems to be the least acceptable in actual practice. Sec-

ondly, the assumption that there is no epistasis may be in-

correct. Epistasis affects estimates of general and specif-

ic combining ability in an unpredictable manner. 

Thompson (1975) discussed some sources of difficulty in 

the underlying assumptions of Griffing's Model I which may 

lead to misinterpretation of the experimental results. It 

is pointed out that two types of random variation exist un-

der the model: that between individuals in the same plot 

(within-plot variation) and that between individuals in 

different plots (between-plot variation). It is the between 

plot variation that is relevant in comparing genotypes be-

cause comparisons are made on a between-plot basis. Howev-

er, only within-plot variation is represented in the statis-

tical model. It is suggested that using the within-plot 

mean square is inappropriate for testing genotype differenc-

es under Model I. It is proposed that in the absenc~ of any 

block x genotype interaction, then this mean square provides 

an estimate of among-plot variation and can be used as the 

denominator for testing genotype differences. 
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Sprague and Tatum (1942) compared the relative impor-

tance of general and specific combining ability in single 

cross corn hybrids. They define general combining ability 

as the average performance of a line in hybrid combinations. 

Specific combining ability is defined as those cases in 

which certain hybrid combinations do relatively better or 

worse than expected based on the average performance of the 

lines involved. 

They emphasize that estimates of the variance of gener-

al and specific effects are relative and dependent upon the 

particular group of lines involved in the hybrids being 

tested. Relative performance differences may be interpreted 

in terms of genes and gene action. Low estimates of general 

effects indicates that the particular line is average in its 

general combining ability. Large values for general effects 

may arise because a particular line is either much better or 

poorer than the remaining lines with which it is compared. 

Thus, it provides an indication of the importance of genes 

which are largely additive in their effects. Low values for 

specific effects indicate that hybrids involving this parti-

cular line have performed as would be expected based on 

their general combining ability. High specific effect va-

lues indicate that some combinations did relatively better 

than expected while while others did poorer. Specific com-
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bining ability is thus largely dependent upon genes with do-

minance or epistatic effects. 

Experiments by Sprague and Tatum (1942) evaluating 

yield and lodging performance using hybrids involving previ-

ously selected and unselected lines showed that the variance 

for general combining ability was considerably larger than 

the variance for specific combining ability for unselected 

lines. Conversely, the variance for specific combining 

ability was larger than for general combining ability for 

selected lines. 

They concluded that in a population of lines unselected 

for combining ability, genes with additive effects (GCA) are 

either more frequent or produce greater effects than genes 

with dominance or epistatic effects. However, in previously 

selected material, genes with dominance or epistatic effects 

are more important than genes with additive effects. They 

postulated that this is true only because the lines remain-

ing following selection have a higher degree of similarity 

in performance than the originial population. Since differ-

ences in additive effects have been largely eliminated, do-

minance and epistatic effects become relatively more impor-
' 

tant. 

Matzinger et al. (1959) compared the variances of gen-

eral and specific combining ability and their interactions 
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with locations and years in unselected material. Combined 

analysis over three years showed that variance components 

for specific effects and general effects were significant 

and insignificant, respectively. Highly significant inter-

actions were found for general effects x locations x years, 

general effects x years, and locations x years. Specific 

effects x locations was also significant. They concluded 

that significant estimates of the variance of general com-

bining ability effects from a single environment are subject 

to large biases from interaction of general effects with 

years and locations. Thus, the variance of general effects 

and its interaction with environments will determine pro-

gress that can be made from selection. 

The presence and magnitude of the interaction of gener-

al and specific combining ability effects with locations and 

years was investigated by Rojas and Sprague ( 1952). They 

found significant interactions for general effects x years 

and locations x years; and specific effects x locations and 

years. Interactions of specific effects with environments 

were consistently larger than the corresponding estimates 

involving general effects. They concluded that the variance 

of specific effects indicates not only non-additive devia-

tions due to dominance and epistasis, but also a considera-

ble portion of the genotype-environmental interaction. 
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Sprague and Federer (1951) estimated the relative mag-

nitude of the variety x location and variety x year interac-

tion variance components for top crosses, single crosses, 

and double crosses of maize. Their estimates were used to 

calculate average genetic advance with varying numbers of 

entries, replicates, locations, and years. They found that 

variance components for varieties x location interactions 

were greatest for single crosses, followed by top crosses 

and double crosses. They concluded that the optimum distri-

bution of a given number of plots would be one replicate at 

two or more locations for two or more years. 



MATERIALS AND METHODS 

Twelve inbred lines of maize were utilized as the pa-

rental material for this study. They are Va.79:419, A619, 

A632, B73, H93, Mol7, Val7, H60, Pa91, H96, Oh7B, and Va85. 

These lines were chosen to represent some of the more his-

torically as well as current elite Corn Belt germplasm. 

They exhibit considerable variation for many qualitative and 

quantitative traits of interest in a maize breeding program. 

In general, they all have good yielding ability and should 

yield well in combination with each other. In fact, several 

of the crosses are or have been used extensively as commer-

cial hybrids. The source and origin of the twelve lines is 

given in Table 1 (Henderson, 1980). 

The twelve inbred lines were crossed in a diallel man-

ner at Blacksburg in 1980 and 1981 to produce the 66 F1 sin-

gle cross hybrids. Paired nursery rows were used to facili-

tate crossing. Rows were 3.048 meters long with 76.2 

centimeters between. Fifteen kernels were planted per row. 

Eight to ten plant-to-plant crosses including reciprocals 

were made between plants in each pair of rows. Seed of each 

F 1 cross was harvested, shelled, bulked, and kept separate 

34 
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TABLE 1 

Pedigree, origin, and release year of the twelve maize 
inbred lines used in diallel cross to represent elite 

Corn Belt germplasm. 

Inbred 
line 

Va. 79:419 

A619 

A632 

B73 

H93 

Mol7 

Val7 

H60 

Pa91 

H96 

Oh7B 

Va85 

Pedigree 

Southern Synthetic 
A Inter)inter) S10 

(Al71 x Oh43) Oh43 

(Mt42 x Bl4) Bl4 3 

Iowa Stiff Stalk 
Synthetic Recurrent 
Sel. Pop; CS 

(B37 x GE440) x 
B37 4 Ht Ht 

(187-2 x Cl03) 

Wf9 x TS 

(Mo21A x CI.14) 
{Oh28 x OhSlA) 

(Wf9 x Oh40B)S 4 ) x 
(38-11 x L317)38-ll S4 

(HSS x H56) 

(Oh07 x 38-11) Oh07 

Va.-Long Ear Synthetic 

Release 
Origin year 

Virginia Unreleased 

Minnesota 1961 

Minnesota 1964 

Iowa 1972 

Indiana 1966 

Missouri 1964 

Virginia 1961 

Indiana 1959 

Pennsylvania 1971 

Indiana 1968 

Ohio 1956 

Virginia 1975 
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from its reciprocal. Seed supplies of some Fi hybrids were 

increased to adequate amounts by remaking those crosses in 

winter nurseries at Homestead, Florida in 1980 and 1981. 

PLANTING DENSITY EXPERIMENT 

The 66 Fi hybrids were planted at Holland, Virginia on 

10 April, and 15 and 16 April, 1981 and 1982, respectively. 

The soil type in 1981 was a coarse, loamy, siliceous, therm-

ic aquic hapludult. Fertilizer rates consisted of 448 kgjha 

of 6-12-36 applied before planting, 72.8 kg/ha actual nitro-

gen applied as a liquid at planting, and 72.8 kg/ha of actu-

al nitrogen applied as a liquid sidedress. The soil type in 

1982 was a loamy, siliceous, therrnic arenic paleudult. Fe-

tilizer rates were 392 kg/ha of 6-12-36 applied before 

planting, 72. 8 kg/ha of actual nitrogen as a liquid at 

planting, 72.8 kgjha bf actual nitrogen applied as a liquid 

sidedress, and 34.7 kgjha of actual nitrogen applied on 17 

June as a second liquid sidedress due to heavy rainfall dur-

ing early growth periods. 

When possible, equal amounts of Fi and reciprocal Fi 

hybrid seed were bulked for planting. Each hybrid was hand 

planted in a single row plot using a jab planter along a 

lightweight single-link chain comprised of four interchange-

able, marked segments corresponding to four different plant-
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ing densities. Each of the four density marked segments was 

made by attaching 14 plastic poultry leg rings to the chain 

at equally spaced intervals corresponding to the plant spac-

ing for a particular planting density. The intervals were 

27.7, 22.2, 18.5, and 15.9 centimeters, which corresponded 

to the four planting densities of 39,536, 49,420, 59,304, 

and 69,188 plants per hectare, respectively. Short sections 

of chain with two ( 1981) or four ( 1982) leg rings spaced 

corrrespondingly to 59,304 plants per hectare were used at 

the two ends of the entire chain length to alleviate end of 

row border effects when the four segments were attached to-

gether to plant a plot. The order of the interchangeable 

segments was randomly changed in each replicate to satisfy 

experimental randomization. 

In 1981, plots were 12.34 meters long with 91.44 cen-

timeters between rows. Alleys between replicates were 1.524 

meters wide. Three kernels were planted at each of the two 

end leg rings on both ends of the chain and at the four-

teenth leg ring of each density segment. Two kernels were 

planted at each of the remaining 13 leg rings within each 

density segment. Each plot was thinned on 21 May, 1981 to 

one plant per hill within each density, and two plants in 

the single hills separating each of the densities. Three 

plants were left in the first and last hill of each row. 
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Plots in 1982 were 12.88 meters long with 91.44 centim-

eters between rows. This increase in plot length in 1982 

was due to the addition of two extra leg bands to the short 

sections of chain attached to the end of the entire chain 

length to further alleviate end of row border effects. 

Three kernels were planted at each of the four end leg rings 

on both ends of the chain as well as at the fourteenth leg 

ring of each density segment. On 2 June, 1982 each row was 

thinned to one plant per hill within each density and two 

plants in the single hills separating the densities, as was 

done in 1981. Two plants were left in the four end hills on 

each end of the row. 

Stalk rind puncture readings were taken on five compet-

itive plants within each density in each hybrid plot using a 

hand-held, commercially available rind penetrometer (Almaco 

Rind Penetrometer Model RP-3). Stalks were punctured in the 

center of the first elongated internode above the brace 

roots at midsilk and two to three weeks later. 

The number of plants naturally stalk lodged was record-

ed just prior to harvest in 1981 and a percent erect plants 

value was derived for each hybrid-density combination in 

each replication. Because very little natural stalk lodging 

occurred by harvest time in 1982, it was impossible to dis-

criminate among hybrids for stalk lodging susceptibility. 
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As a consequence, data on soft or decayed stalks was record-

ed at harvest by pinching the stalk between thumb and index 

finger in the center of the first elongated internode above 

the brace roots. A simple rating scale of 1-3 was used to 

describe the stalk condition. A rating of 1 indicated a 

hard, green internode which did not collapse or crack upon 

pinching and exhibited no apparent evidence of decay. A 

rating of 2 indicated a semi-soft internode condition upon 

pinching with no collapse, yet indicative of inner stalk de-

cay. A rating of 3 was indicative of a total collapse or 

crushing of the internode upon pinching, with clear evidence 

of inner stalk decay. 

Ears were harvested from five competitive plants in 

each hybrid-density combination on 9 through 11 September, 

1981 and 2 and 3 September, 1982. When possible, ears from 

plants whose stalks had been punctured were harvested. In 

the event of a barren plant, an ear from a different compet-

itive plant was substituted. All ears were air dried at 

room temperature until a relatively constant moisture had 

been reached. Weight of shelled grain from each ear was re-

corded in grams. Shelled grain from each of the five ears 

was bulked and a standard volume sample was obtained to det-

ermine grain moisture percentage, using a portable John 

Deere and Company moisture meter, Model TY9304. 
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The mean grain weight per ear was calculated based on 

the weights for the five ears. This value was then convert-

ed to grain weight at 15. 5 percent grain moisture. Mean 

grain weight per ear for a given density was multipleid by 

the number of plants per hectare for that density. This va-

lue was then divided by 1,000,000 to obtain grain yield in 

megagrams per hectare (Mg/ha). 

YIELD PERFORMANCE TRIAL 

The 66 F 1 single-cross hybrids were hand planted in 

single row plots at Holland, Virginia on 14 Apri 1, 1982. 

Each plot was 7.62 meters long with 91.44 cm between rows. 

Alleys were 1. 524 meters wide between replications. The 

soil type was a loamy, siliceous, thermic arenic paleudult. 

Fertilizer rates were 392 kgjha of 6-18-36 applied before 

planting, 72.8 kg/ha of actual nitrogen applied as a liquid 

at planting, 72.8 kg/ha of actual nitrogen applied as a li-

quid sidedress, and 22.4 kg/ha of actual nitrogen applied on 

17 June as a second liquid sidedress to compensate for heavy 

rainfall during early growth periods. Each plot was overp-

lanted by 20 percent and thinned on 1 June, 1982 to a final 

stand of 59,304 plants per hectare, with two plants left in 

the first and last hill of each row. 
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Data were collected on each hybrid plot for natural 

stalk lodging, stalk rind puncture, and grain weight. Na-

tural stalk lodging was recorded as percentage erect plants 

per plot for each replication. Stalk rind puncture readings 

were taken on five competitive plants within each plot using 

a hand-held rind penetrometer. Stalks were punctured in the 

center of the first elongated internode above the brace 

roots at midsilk and two to three weeks later. 

The ears from all plants within each plot were hand 

harvested on 1 and 2 September, 1982 and shelled in bulk, 

using a tractor mounted, PTO driven, Haban Corn Husker-

Sheller. Shelled grain weight was obtained by weighing the 

total bulk of grain for each hybrid plot. A standard volume 

sample of shelled grain was obtained from each plot to det-

ermine grain moisture percentage using a portable John Deere 

and Company moisture meter, Model TY9304. Grain weight in 

pounds was converted to grain weight at 15.5 percent grain 

moisture. This value was multiplied by a factor of .650496 

to obtain grain yield in megagrams per hectare (Mg/ha). In 

some plots in replication 1, only part of each plot was har-

vested and the values were subsequently converted to whole 

plot values. 
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STATISTICAL PROCEDURES 

Planting Density Experiment 

Data were analyzed as a replicated split-plot experi-

mental design in strips with hybrids being whole plots and 

densities within a row being strips and dates being repli-

cations. For rind strength the linear model used for this 

analysis is: 

y, 'k + + s .. + 1 + = µ an e: nij yk l.J mn l.J 

+ 2 (Sy) .. k + 3 0 e:nk + e: . 'k + l.J Ill.] m 

+ 4 + ( s 0) .. + 5 e: e: . . nm l.Jm Ill.Jm 
6 7 + (yc)km + e:nkm + ($yo) ikm + e:ijkmn 

where 

Y. 'k = the observation l.J mn mean 

i ~ j = 1,2, .•. 12 in 

replicate n. 

µ = the population mean 

an = the effect due to the 

s .. = the effect due to the l.] 
i,j = 1,2, ..•. ,12, i 

1 e: .. = residual error (1) Ill.] 

for the .th .th l. x J 

density k, on date 

nth replicate, n 

(i x j)th hybrid 

< j 

yk = the effect due to the kth density, k = 
2 

e:nk = residual error (2) 

cross 

m in 

= 1,2,3 

1,2,3,4 
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(Sy). 'k 1J = the interaction of the {ix j)th hybrid with 

the kth density 
3 

e:nijk = residual error (3) 

0 = the effect due to the mth date, m = 1,2 m 
4 residual error (4) e:nm = 

(So) .. = the 1Jm interaction of the (ix j)th hybrid with 

the mth date 
5 residual error (5) e: nijm = 

{yo) km = the interaction of the kth d . ensi ty with the 
th date m 

6 
e:nkm = residual error (6) 

(Syo) .. k = 1J m the interaction of the {i x j) th hybrid with 

the kth density and the mth date 
7 residual error (7) e:ijkmn = 

For days to silk, percent erect plants, stalk pinch, 

and grain yield the linear model used is: 

Y. "k l.J n 

where 

Y. "k =the mean observation for the (ix j)th hybrid 1J n 
i ~ j = 1,2, ••• ,12 in density kin replicate n 

and all parameters are as described in the previous model. 

Analysis of variance was performed according to the above 

models on the F 1 hybrid means for rind puncture, days to silk, 

percent erect plants, stalk pinch values, and grain yield 
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using the ANOVA procedure of SAS (SAS User's Guide, 1979j. 

Percentage data for percent erect plants was transformed 

prior to analysis using the arcsine transformation. Stalk 

pinch values were analyzed as a continuous variable, al-

though they may be regarded as discrete data. Tests of 

significance were conducted by F-tests using the appropriate 

error terms for a split-plot analysis in strips. 

Data were not available for certain hybrid-density 

combinations for some crosses in 1981 and 1982. Addition-

ally, data for three crosses or cells of the diallel were 

completely missing in 1981. As a result, missing plot 

values were estimated so as to facilitate computer analysis 

of a complete diallel cross with no partially or completely 

missing cells. 

The missing plot technique used is that of multiple 

analysis of covariance (Coons, 1957) as adapted by Hinkel-

mann (1968) to the situation of diallel experiments. The 

missing values were obtained separately for each density-

replication combination. A simple example for two missing 

values involving four different parent lines is given to 

illustrate this procedure. 

Suppose the missing crosses are p x q, r x s, where 

p x q ~ r x s. 

From the analysis of covariance (using the notation of 

Hinkelmann, 1968) : 
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2 
~(-n--~1~)~(-n--~2~) = .0182 for n = the number of parents 

in the experiment, 
1 

= 1 = 2 n-1 = .8182. We then have to solve the 

system of equations: 

( .8182 
• 0182 

• 0182) 
.8182 (i ) _ (·l(Y + Y ) - .009Y.) 

ypq - .l(Yp + Yq) - .009Y . rs r s 

where Yp = total of all observations for hybrids with 

parent p in a given replicate and density. 

Y. = 2(grand total of all observations in a given 

replicate and density) 

Then, [¥ ) = (·8182 .0182]-l (·l(Y 
ypq . . 0182 • 8182 .1 (Ypr · rs 

+ Y) - .009Y.) 
+ Yq) - .009Y. s 

are the estimated missing values. Analysis of variance with 

estimated missing values requires that the degrees of free-

dom for error (residual sum of squares) be reduced by the 

number of estimated values. However, for the analysis 

given in this study, appropriate error degrees of freedom 

have not been adjusted since doing so did not appear to 

change the outcome of tests of significance. Therefore, 

F-tests are regarded as approximate tests of significance. 

Combining Ability 

Combining ability analyses were performed on the means 

of the F 1 crosses for days to silk, rind puncture, percent 

erect plants, stalk pinch values, and grain weight. A fixed 

effects model, referred to as Model I by Eisenhart (1947), was 

assumed for this experiment. Method 4 of Griffing (1956), 
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originally presented by Sprague and Tatum (1942), was 

used for the calculations. 

The model for combining ability analysis assuming 

Model I is given by Griffing (1956) as 

Y .. = µ + g. + g. + s .. + e .. k 1J 1 J 1J 1J n 
i,j 

k 
n 

= 
= 
= 

1, 2, • • • I 12 
1,2,3 
1,2,3,4 

where µ is the population mean, gi and gj are the general 

combining ability effects for lines i and j, s .. is the 
1) 

specific combining ability effect for hybrid i x j such 

thats .. = s .. , and 
1) )1 

e. 'k is the error effect for the J.J n 
ijknth observation. The restrictions rg.=0 and I s .. =O 

i ]. i~j 1 J 
(for each j) are imposed on the combining ability effects. 

A computer analysis program developed by Schaff er and 

Usanis (1969) was utilized to obtain least squares esti-

mates for general combining ability effects and specific 

combining ability effects. 

The average SCA of the series of crosses involving 

one line was compared to the average SCA for the series of 

crosses involving a different line by computing 

"2 
0 s. 

1 
for each line 

"2 The SCA effects were used to calculate o as follows s. 
according to Griffing (1956): 

" 2 1 
0 = s. p-2 

]. 

2 
~ s .. 

1) 
E.:2. "2 
p-2 °RxH 

1 
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where "2 cr = SCA variance s. 
l 

2 s .. =the squared value of the SCA effect (s .. ) lJ lJ 
for hybrid i x j 

and "2 crRxH = error (1) divided by either 4 densities x 

3 replicates x 2 dates for rind puncture or 

4 x 3 for all other traits. A factor of 2 

would also be included for analyses combined 

over years. 

Under the assumption that the twelve parental lines 

were randomly chosen to represent elite Corn Belt germ-

plasm, a random effects model (Model II) was assumed for 

deriving appropriate expected mean squares to estimate 

variance components for GCA, SCA, and error. 

Upper limit, narrow-sense heritability estimates for 

the characters studied were calculated on an entry-mean 

basis from estimates of variance components following the 

procedure outlined by Hallauer and .Miranda (1981, p. 63) 

as modified for the case of inbred parents where: 

= f qr rind punr.ture --2 
crRxH 
4x3x2 + 

" 2 --2 
crSCA + 2 crGCA 

and 

= for percent erect 

plants, stalk pinch, and grain yield. 



Combined over years, 

= 

and 

A2 
0 RxH 

4x3x2x2 + 
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2 
20GCA 

A2 
0 RxH A2 
4x3x2 + 0SCA + 

A2 
20 GCA 

plants, stalk pinch and grain yield. 

A2 
(J 

4x3x2 + 

or 

= 

or combined over years 

or 

= A2 
(J + 

4x3x2 

for rind puncture 

for percent erect 
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Simple correlation coefficients were calculated between 

overall mean rind puncture values (over all densities and 

dates) and overall mean percent erect plants, overall mean 

rind puncture and overall mean stalk pinch values, and overall 

mean rind puncture (over all densities, dates, and years) 

and overall mean grain yields. 

Yield Performance Trial 

Data were analyzed as a randomized complete block 

design with three replications. The general linear model 

used for this analysis for rind puncture is: 

Y .. =µ+o +a +s( .. ) iJmn m mn lJ 

+ (So)(") + e:(ij)mn lJ m 

where 

if j = 1,2, .•. ,12 
m = 1,2,3 
n = 1,2,3 

Y .. = the mean observation lJmil for the (i x j)th hybrid 

on the mth date in the th block. n 

µ = the population mean 

om = the effect due to the mth date 

the effect due to the th block within the th a. = n m mn 

date. 

s(ij) = the effect due to the (ix j)th hybrid 

(So)('') = the effect due to the interaction of the 
iJ m 

(ix j)th hybrid with the mth date 

e:(ij)mn = residual error 
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The linear model for the traits percent erect plants, 

days to silk, and grain yield is 

Y .. = µ +a + S(. ') + E: .. lJn n lJ lJn 

where 

i -:/- j = 1, 2 f • • • / 12 
n = 1,2,3 

Y .. =the mean observation for the (ix j)th cross l)n 
in the nth block 

µ = the population mean 

a = n the effect due to the nth block 

s (ij) = the effect due to the (i x j) th hybrid 

E:(ij)n = residual error 

Analysis of variance was performed on the F 1 hybrid 

means for rind puncture, days to silk, percent erect plants, 

and grain yield, using the ANOVA procedure of SAS (SAS 

User's Guide, 1979). Percentage data for percent erect 

plants was transformed prior to analysis using the arcsine 

transformation. Tests of significance were conducted by 

and F-test using the residual error mean square. Missing 

values were estimated using the technique previously de-

scribed for the planting density experiment. Values were 

obtained separately for each hybrid entry. Error degrees 

of freedom were not adjusted since doing so did not appear 

to change the outcome of tests of significance. Therefore, 

F-tests are regarded as approximate tests of significance. 
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Combining Ability 

Combining ability analyses were performed on the means 

for the F 1 crosses for rind puncture, days to midsilk 

percent erect plants, and grain yield. Model I, Method 4 

of Griffing (1956) is written as 

Y .. = µ + g. + g. + s. · + e:. 'k 1J 1 J 1J 1J n i,j 
k 
n 

= 
= 
= 

1, 2 I• • • f 12 
1,2,3 
1,2,3,4,5 

where µ is the population mean, gi and gj are the general 

combining ability effects for line i and j, s .. is the 
1] 

specific combining ability effect for hybrid i x j such 

thats .. = s .. , and e:.kk is the error effect for the ijknth 1J J1 1 n 
observation. The restrictions lg.=0 and l s .. =O (for each 

i 1- i~j 1] 

j) are imposed on the combining ability effects. 

General least squares estimates for general combining 

ability effects and specific combining ability effects were 

obtained by the computer analysis program of Schaffer and 

Usanis (1969). 

Model II was assumed for deriving appropriate expected 

mean squares to estimate variance components for GCA, SCA, 

and error. 

Narrow-sense heritability estimate for the characters 

studied were calculated on an entry mean basis from esti-

mates of variance components following the procedure out-

lined by Hallauer and Miranda (1971,p.63) and modified for 

the case of inbred parents where: 
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for rind puncture 

h2 
cr where 3x 2 = residual error divided by 3 blocks x 2 dates 

and 

= for percent erect plants 

and grain yield. 

Appropriate standard errors (S.E.) are 

or 

2 S.E. (h ) = 

This information can then be compared on an empirical 

basis to that obtained from the density experiment. 

A simple correlation coefficient was calculated 

between mean rind puncture values at 59,304 plants per 

hectare from the density experiment and mean rind puncture 

values from the yield performance trial for 1982. Simi-

larly, a simple correlation coefficient was calculated 

between mean grain yields at 59,304 plants per hectare 

in the density experiment and mean grain yields from the 

yield performance trial for 1982. 



RESULTS AND DISCUSSION 

Planting Density Experiment 

Analyses of variance for rind strength as measured by 

rind puncture for the years 1981 and 1982 are presented in 

Table 2. Mean squares for hybrids and densities were highly 

significant for both years. The mean square for dates was 

not significant in either year, indicating that rind punc-

ture values did not change or differ significantly between 

the two dates of measurement. This is in general agreement 

with the results of Colbert and Zuber (1978) in that among 

their four sampling dates, single cross hybrid rind puncture 

values recorded after flowering did not differ significant-

ly. However, they did detect significant differences bet-

ween rind puncture values taken one week preflowering and 

one or three weeks postflowering for some hybrids. 

Variation due to differences among hybrids was further 

partitioned into general combining ability and specific com-

binlng ability, hereafter referred to as GCA and SCA, re-

spectively. Mean squares for GCA and SCA were highly signi-

ficant for both years. The mean square for GCA was also 

considerably larger than the mean square for SCA in both 
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Table 2. Analysis of variance for rind puncture values measured at two dates on 66 Fl hybrids (12-parent diallel) grown at 
~---f_our_p~ant densities in 1981 and 1982, and e~ected mean squares .P_ased on two models. 

Source of Mean ~guares Expe~ted m~_~q~~----~------
variation df 1981 1982 Model I Hodel II 
-------------------------· 
Reps 2 40.0877 .. 36.1431** 

Hybrids 65 28.0693** 22.6930*• 2 2 2 
24~11 

2 2 2 2 
07 + 2o 3 + 801 + 07 + 203 + Bo 1 + 240 11 

11 134.1949•• 112.0708** 2 lo~ + 2 240 2 2 2 2 2 
GCJ\ 07 + 8111 +TI-~GCA "1 + 203 + Bo 1 + 24oSCA +240oGCA 

SCI\ 54 6.4511•• 4.4864*• 2 
07 + 2 203 + 2 

Bo l 48 
+IOil·~scA 

2 
07 + 

2 2o 3 + 2 Oo 1 + 24oscr, 

Error (l) 130 3. 3310 2.4682 2 
07 + 2 

203 + 2 
Bo l 

2 
07 + 2 

203 + 2 Bo 1 

Density 3 161. 4524** 71. 7599•. 2 2 2 396tD 2 2 2 2 
396~0 07 + 203 + 13202 + 07 + 203 + 13202 + 60 nxD + 

6. 3187 0.9165 2 2 Error (2) 6 "7 + 2o 3 + 2 13202 
2 

07 + 2 2a 3 + 2 
13202 

Hybrid x Density 195 1. 2546 0.6981 2 
"7 + 

2 
203 + 2 

6 4'HxD 
2 

07 + 2 2o 3 
2 

+ 60nxD 

Error (3) 390 1. 0752 0.7576 2 
07 + 2 

203 
2 

07 + 
2 2o 3 

1 1.9083 5.2532 2 2 2 2640~ 792~Da 
2 2 2 2 

792tDa Dates 07 + 6606 + 405 + + 07 + 405 + 26404 + 120 HxDa + 

Error (4) 2 0.1865 9.9679 2 
07 + 

2 6606 + 2 
405 + 2 26404 2 

07 + 
2 405 + 2 26404 

3.1914 2.6137** 2 2 2 2 2 2 Hybrid x Date 65 "7 + 405 + 12 4'nxDa 07 + 4•15 + 120nxDa 

Error (5) 130 2.4929 1. 4799 2 
07 + 2 2 2 

405 07 + 405 

1. 7488 0.0262 2 2 + 198 tDxlla 
2 2 3o 2 198 ~oxDa Density x Date 3 07 + 6606 07 ~ 6606 + + llxDxDa 

2 2 2 2 Error (6) 6 1.5467 0.6712 07 + 6606 07 + 6606 

Hybrid x Density 195 0.6981 0.4335 2 
HllxDxDa 

2 3o 2 x Date 07 + 07 + HxDxDa 

(7) 390 0.6160 0.4712 2 2 
Error "1 "1 
c.v. 10.5319 7.5951 

•,••significant at the .05 and .01 probability levels, respectively for Model I. 

U1 
ii::. 



55 

years. This suggests that GCA, which is associated with ad-

ditive genetic variation, is of greater importance and ac-

counts for a larger portion of the total genetic variability 

for rind strength among these twelve inbred lines than does 

SCA, which is associated with non-additive genetic varia-

tion. Previous studies by Loesch (1972) and Arnold and Jo-

sephson ( 1975) have also indicated that additive genetic 

variation constituted the major portion of the genetic vari-

ability for stalk quality traits in maize. 

The hybrid by density interaction mean square was not 

significant in either 1981 or 1982. This would indicate 

that hybrids responded relatively consistently over the four 

densities. The mean square for the hybrid by date interac-

tion was not significant in 1981 but was highly significant 

in 1982. This suggests that years had an effect on how the 

hybrids responded over dates. Mean square values for the 

density by date interaction were not significant in either 

year. 

Rind puncture means for the 66 F1 single cross hybrids 

at each of the four plant densities per hectare for 1981 and 

1982 are shown in Table 3. In general, as plant population 

per hectare increased, rind puncture values decreased in 

both 1981 and 1982. These results are in good agreement 

with those of Zuber and Grogan (1961) and Thompson (1964) 



'l'able 3. Hind puncture values for 66 F1 maize sin<Jle cross hybrids (12-parent diallel) grown at 
four plant <:tensities in 1981 and 1982. 

·--------------·---·--·----·-
Hind ~uncture means in~ for indicated densities !el ants/ha) in 1981 and 1982 

39,536 49,420 59,304 69,188 Average 
__ r 1~id 1981 1982 1981 1982 1981 1982 1981 1982 1981 1982 

va.79:419 x A619 6.58 9.28 6.28 8. 37 5.63 0 .11 5.34 8.19 5.96 8.49 
x A632 8.29 9.91 ~.29 8.37 7.63 8.57 6.48 8.22 7.67 8. 77 
x B73 7.91 8.96 8.29 8.84 7.43 8.23 7.08 8.02 7.68 8.51 
x 1193 10.76 10 .13 9.47 9.91 10.22 9.54 B.48 9.10 9.73 9.67 
x Mol7 7.87 10.05 8.22 9.28 7.57 8.85 6.73 8.82 7.60 9.25 
x Val7 8.44 10 .11 7.96 9.82 7.06 8.79 6.36 8.49 7.45 9.30 
x H60 6.86 8.47 6 .15 7.58 7.14 7.26 5.98 7.08 6.53 7.6G 
x Pa91 8 .11 9.67 7.05 9.19 8.22 9.93 6.05 E.79 7.36 9 .14 
x 1196 7.07 8.67 6.95 8.41 7 .11 7.99 6.16 7.60 6.82 8.24 Ul 

0) 

x Oh7B 8.26 9.55 a.OB 9.58 7.42 B.85 6.28 10. 31 7.51 9.57 
x Va85 7.28 8.76 6.99 8.23 6.67 7.87 6.39 7.51 6.83 II. 09 

A619 x A632 7.60 9.25 8.22 8.44 7.45 8.72 6. 72 8.42 7.50 8.71 
x B73 8.20 9.00 7.63 9.14 7.36 8.72 6.34 8.05 7.38 8.73 
x 1193 9.49 10.35 9.65 10.15 8.90 9.76 7 .96 9.05 9.00 9.83 
x Mol7 8.01 9.63 7.47 9.40 ., . 34 9.01 5.81 8.66 7 .16 9.17 
x Val 7 8.41 9.61 8.08 9.57 7.79 9 .19 7.40 8.95 7. 'J2 9.)] 
x 1160 6. 77 8.63 7.17 7.99 7.86 7.84 6.96 7.45 7. 19 7.98 
x Pa91 6.67 8.57 6.83 8.43 6. 71 7.34 6.37 7.25 6.64 7.90 
x 1196 7.70 9. 37 7. O'L 0.26 7.54 8.99 E.13 8.0-1 7.10 8.66 
x Oh7D 8.23 8.54 8.08 8.04 7.42 7.96 7.29 7.46 7.76 8.00 
x Va85 6.25 7.16 6.04 7.58 5.49 7.10 5.27 7.13 5.76 7.24 

A632 x B73 0.85 9.67 8.17 9. 34 8.17 8.01 6.89 8.26 8.02 9.02 

x H93 11.02 11. 26 9.66 10.46 10.82 10.64 9.16 10.25 10 .16 10.65 
-----·-·----



Table 3. Continued 

Rind 12uncture means in kt;! for indicated densities (plants/ha) in 1981 and 1982 
59,536 _49,~ 59,304 69,188 Avera~e 

E'1 hybrid 1981 1982 1981 1982 1981 1982 1981 1982 1981 1982 

A632 x Mol7 8.67 10.28 7.34 10.25 7.08 9.88 6.89 9.79 7.50 10.05 .. 
x Val? 7.60 10.87 B.32 10.03 7.49 B.75 6.06 9.85 7.37 10.12 

II x H60 7.58 9.26 6. 72 9.28 6.40 B.58 6.27 8.29 6. 74 8.85 
x Pa91 8.35 8.88 7.60 8.88 7.17 B.20 6.18 8.10 7.32 8.52 
x H96 7.13 B.96 6. 77 8.55 6.78 8.31 6.25 8.31 6.73 8.53 

II x Oh7B 9.76 10.38 7.89 9.58 7.93 9.19 7.48 9.14 8.26 9.57 .. x Va85 6.61 8.88 6.54 8.16 5.63 7.78 5.83 7.48 6.15 8.07 
B73 x H93 9.23 10.47 9. 29 10.14 9.02 10.50 8.43 9.38 8.99 10.12 

II x Mol7 9.93 9.58 8.41 10.34 9.35 9.82 7.10 9.79 8.70 9.88 
II x Val? 8.90 11.08 8.96 10.13 8.81 11.11 6.92 10.34 8.40 10.66 U1 

-...J 
II x H60 6.72 10.64 8.31 9.70 9.06 B.75 7.85 9.14 8.47 9.56 
II x Pa91 7. 33 9.75 6.42 9.02 6.87 9.09 5.99 8.75 6.65 9.15 
II x 1196 8.48 9.01 8.20 9.23 7.01 8.16 5.78 8.16 7.37 8.64 
II x Oh7B 8.54 10.58 8.10 10.37 7.61 10.34 5.81 10.37 7.51 10.41 
II x Va85 7.54 7.95 6.27 7.84 6.43 7.40 5.96 6.98 6.55 7.54 

1193 x Mol7 11.23 12.47 11.17 11.43 10.28 11. 76 9.87 10.17 10.64 11.46 
x Val? 11.55 11.83 10.46 11.59 9.79 10.93 9.05 10.64 10.21 11. 25 
x H60 10.38 9.67 9.23 8.98 8.51 8.99 8.61 8.43 9.18 9.02 
x Pa91 8.52 10.27 9.06 10.00 8.22 9.37 7.10 8.94 8.22 9.65 
x H96 9.04 9.56 7.93 9.25 8.28 B.46 7.46 8.75 8.18 9.00 
x Oh7B 9.52 9.97 9.55 10.02 7.92 9.67 B.78 9.39 8.94 9.76 
x Va85 8.05 9.28 7.60 10.20 7.49 9.32 6.92 8.89 7.51 9.42 

Mol7 x Val7 9.88 11.67 9.63 11.82 7.95 10.25 6.83 9.84 8.57 10.76 .. x 1160 7.81 9.19 8.16 8.94 7.20 8.45 7.25 7.92 7.60 8.62 
-----



'l'able 3. Continued 

~ind puncture means in kg for indicated densities (plants/ha) in 1981 and 1982 
39,536 491420 59,304 69,188 Avera-;ze 

F1 hybrid 198) 1982 1981 1932 1981 1982 191ll 1982 1981 1982 

Mol7 x Pa91 7.79 10.81 7.42 10.05 7.19 9.35 6.51 9.70 7.23 9.98 
x H!>6 7.49 9.10 7 .19 9.55 7.07 8.64 5.92 9.49 6.92 9 .19 
x Oh7B 8.11 10.53 7.75 10.15 7.83 9.60 5.99 9.23 7.42 9.88 
x Va85 7.07 9.34 6.86 8.60 6.48 B.45 6.81 8.79 6.80 8.79 

Val7 x H60 7.02 10. 21 7.23 10.52 6.67 9.52 5.75 9.46 6.67 9.93 

" x Pa91 8.14 9.13 7.04 9.63 7.49 9.46 5.69 9.05 7.09 9.31 
x H96 7. 34 10.28 7.70 8.75 7.87 8.84 6.22 8.75 7.28 9.15 
x Oh7B 9.72 10.57 8.28 10.20 7.16 9.43 6.72 10.49 7.97 10.17 
x Va85 6.90 8.88 7.23 8.39 6.75 7.92 5.21 7.11 6.52 8.07 

H60 x Pa91 6.37 8.26 6.33 8.08 5.28 7.78 5.66 8.37 5. 91 8.12 U1 
00 

x 1196 6.87 9.32 5.95 8.64 6.37 8.25 5.24 7.54 6.11 8.44 .. x Oh7B 7.34 9.67 6.96 9.31 6.28 B.60 5.98 0. 31 6.64 8.97 
x Va85 6.14 7.88 6.26 7.61 5.24 7.02 5.72 6.78 5.84 7.32 

Pa91 x 1196 7.69 9.19 6.72 9.17 6.66 8.67 6 .16 8.45 6.81 ll. 87 
x Oh7B 6.69 9.31 6.64 9.50 6.07 8.57 4.60 8.34 6.07 8.93 .. x Va85 6.21 7.04 5.68 7.76 6.74 6.86 5.62 6.49 6.06 7.04 

1196 x Oh7B 7. 61 9.29 6.93 9.53 7.25 8.40 5.51 8.49 6.83 8.93 
x Va85 7.51 8.19 7.84 7.26 7.04 6.83 5.74 6.48 7.03 7.19 

Oh7B x Va85 6.23 7.69 6.74 7.70 6.10 8.10 5.24 7.55 6.17 7.76 

Overall Means 8.09 9.55 7.70 9.21 7.43 8.82 6.58 8.59 7.45 9.04 
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whose studies indicated that as plant population per hectare 

increased, crushing strength and rind thickness decreased. 

The overall experimental mean of 9. 04 kilograms for rind 

puncture in 1982 was greater than the corresponding experi-

mental mean of 7.45 kilograms in 1981. Rind puncture means 

for most hybrids over the four densities were greater in 

1982 than in 1981 as well. Lower rind puncture values for 

1981 may be partially due to greater moisture stress incur-

red just prior to and during silking, whereas moisture was 

not limiting during this same period in 1982. 

In 1981 the hybrid H93 x Val 7 had the highest rind 

puncture value ( 11. 55 kg) at 39, 536 plants per hectare, 

whereas H60 x Va85 had the lowest (6.14 kg) at this density. 

At this same density in 1982, H93 x Mol7 had the highest 

rind puncture value (12.47 kg) ~nd Pa91 x Va85 had the low-

est (7.04 kg) value. At 49,420 plants per hectare, H93 x 

Mol7 (11.17 kg) and Pa91 x Va85 (5.68 kg) had the highest 

and lowest rind puncture values, respectively in 1981 and 

Mol 7 x Val 7 ( 11. 82 kg) and H96 x Va85 ( 7. 26 kg) had the 

highest and lowest values, respectively in 1982. The hy-

brids A632 x H93 (10.82 kg) and H60 x Va85 (5.24 kg) had the 

highest and lowest rind puncture values, respectively at 

59,536 plants per hectare in 1981 whereas, H93 x Mol7 (11.76 

kg) and H96 x Va85 (6.83 kg) had the highest and lowest, re-
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spectively in 1982 at this density. At 69, 188 plants per 

hectare, H93 x Mol7 (9.87 kg) and H93 x Val7 (10.64 kg) had 

the highest rind puncture values for 1981 and 1982, respec-

tively, whereas Pa91 x Oh7B (4.60 kg) and H96 x Va85 (6.48 

kg) had the lowest values for 1981 and 1982, respectively. 

In 1981, H93 x Mol7 (10.64 kg) had the highest rind puncture 

value when averaged over all four densities and A619 x Va85 

(5.76 kg) had the lowest. Similarly for 1982, H93 x Mol7 

(11.46 kg) had the highest rind puncture value when averaged 

over all four densities and Pa91 x Va85 ( 7. 04 kg) had the 

lowest value. 

The mean rind puncture values of the eleven crosses for 

each of the twelve inbred lines at each of the four densi-

ties for 1981 and 1982 are given in Table 4. These values 

may be interpreted as an "average combining ability" of each 

line in hybrid combination. From this table as well as Ta-

ble 2, it is clear that H93, with values of 9.16 kg in 1981 

and 9.98 kg in 1982, had the highest mean rind puncture va-

lue or average combining ability in hybrid combinations over 

all densities in both years. In contrast, Va85, with values 

of 6.47 kg and 7.87 kg in 1981 and 1982, respectively, had 

the lowest mean rind puncture value or average combining 

ability over all densities in both years. 



Table 4. Mean rind puncture values for each of the parents of a 12-parent diallel when crossed 
to the other 11 parents (Fl single-cross hybrids) grown at four plant densi ti.es in 

1981 and 1982. 
Rind euncture means in kg for indicated densities (plants/ha) and years 

Inbred 39,536 __ _!2.L 42Q ___ -~304 __ 691188 Average 
line i 901----pre2- 1981 1982 1981 1982 1981 1982 1981 1982 

Va. 79:419 7.95 9. 41 7.61 8.87 7.46 8.54 6.48 8.38 7.38 8.78 

A619 7. 63 9.04 7.50 8.67 7.2] 8.43 6.51 8.06 7.22 8.78 
A632 8.31 9.78 7.77 9.21 7.50 8.95 6.75 8. 74 7.58 9 .17 

873 8.51 9.70 8.00 9.46 7.92 9.18 6.74 8.84 7.79 9.29 

1193 9.89 10. 48 9. 37 10.19 9.04 9.90 8.35 9.36 9.16 9.98 
Mol7 8.53 10.24 ·0.15 9.98 7.76 9.46 6.88 9.29 7.83 9.73 0\ 

Val7 8.54 10.39 8.26 10.04 7.71 9.56 6.56 9.36 7. 77 9.82 
I-' 

H60 7.44 9.20 7 .13 8.78 6. 91 8.28 6.48 8.07 6.99 8. 58 
Pa91 7.47 9.17 6.98 9.06 6. 97 8.60 5.99 8.38 6.85 8.78 

1196 7.63 9.18 7.20 8.78. 7.18 8.32 6.05 8.19 7.02 8.62 
Oh7D 8.21 9.64 7.73 9.45 7.18 8.97 6.33 9.01 7.37 9.27 
Va85 6.89 8.28 6.73 8.12 6.37 7.70 5.88 7.38 6.47 7.87 
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Estimates of GCA effects for rind puncture for each of 

the twelve inbred lines and SCA effects for the 66 F 1 cross-

es for 1981 and 1982 are presented in Tables 5 and 6, re-

spectively. Estimates of the SCA variances for each line 

for rind puncture in both years are presented in Tables 5 

and 6 as well. The relative significance of the GCA and SCA 

effects can be determined by comparing their absolute value 

to the standard error for a GCA effect or SCA effect. Ef-

fects that are greater than their standard errors are con-

sidered different from zero. The SCA variance enables one 

to compare the average SCA of the series of crosses involv-

ing one line with the average SCA of the series of crosses 

involving a different line. The SCA variances for each line 

and their relative magnitudes can also be compared directly. 

A relatively low SCA variance for a line indicates that it 

uniformly transmits its high or low rind puncture character 

to all of its F 1 hybrids. A relatively high SCA variance 

for a line indicates that there are specific combinations 

with other lines which produce a higher or lower rind punc-

ture value than expected. 

Inbred line H93 had the highest or most positive GCA 

effect for rind puncture in both years with values of 1.88 

and 1.05 exceeding their respective standard errors of 0.11 

and 0. 10, re spec ti vely (Tables 5 and 6) . Similarly, the 



Table 5. 

va.79:419 

A619 

A632 

D73 

1193 

Mol7 

Val7 

1160 

Pa91 

1196 

Oh7D 

Va85 

Estimates from a 12-parent diallel cross of GCA effects, SCA effects, and SCA variances for rind puncture 
values averaged over two dates and four plant densities in 1901. 

-----
SCA effects GCA SCA 

va.79:419 A619 A632 873 1193 Mol7 Val7 1160 Pa91 H96 Q!l7B Va85 cf feet variance 
-1.15 0.16 -0.06 0.48 -0.19 -0.26 -0.33 0.65 -0.07 0.23 0.54 -0.08 0.13 

0.16 -0.18 -0.07 -o. 4 5 0.38 o. 51 0.11 0.39 0.65 -0.36 -0.26 0 .15 

0.05 0.69 -0.52 -0.58 -0.35 0.39 -0.39 0.76 -o. 37 0.14 0.10 

-0. 71 0.46 0.22 1.15 -0.51 0.02 -0.22 -0.20 0.37 0.12 

0.89 0.53 0.36 -0.45 -0.67 -0.30 -0.74 1. 88 0.25 

0.36 0.25 0.02 -0.47 -0.36 0.01 0.41 0.08 

-0.62 -0.05 -0.04 0.26 -0.20 0.35 0.03 

-0.37 -0.36 -0.21 -0.03 -0.51 0.15 

0.50 -0.63 0.34 -0.66 0.07 

-0.06 1.13 -O.d8 0 .14 

-0.11 -0.09 0.06 

-1. 07 0.14 

S. E. (GCA effect) 0 .11 
S.E. (SCA effect) 0.34 

0) 
w 



~·able 6. 

va.79:419 

A619 

A632 

B73 

H93 

Mol7 

Val7 

1160 

Pa91 

1196 

Oh7B 

Va85 

Estimates from a 12-parent diallel cross of GCA effects, fiCA effects, and SCA variances for rind puncture 
values averaged over two dates and four plant densities in 1902. 

" A e[fe!;ltii! 
Va. 79•419 A619 A632 B73 !.f93 Mol7 Val 7 H60 Pa9l 

0.27 -0.14 -0.53 -0.13 -0. 27 -0.32 -0.66 0.67 

0.06 -0.05 0.29 -0.09 -0.04 -0.02 -0.32 

-o. 44 0.43 0.11 0.07 0.17 -0.38 

-0.24 -0.20 0.48 o. 74 0.11 

0.62 -0.30 -0.56 -0.15 

0.09 -0.68 0.46 

0.53 -0.31 

-0.13 

1196 

-0.06 

0.62 

-0.19 

-0.22 

-0.62 

-0.15 

-0.29 

0.36 

0.57 

GCA 
Oh7B vaes effects 

0.56 0.62 -0.28 

-0. 75 0.03 -0.54 

0.14 0.18 0.14 

0.84 -0.49 0.28 

-0.57 0.63 1.05 

-0.17 0.28 0.76 

0.02 -0.54 0.86 

0.18 0.07 -0.50 

-0.08 -0.43 -0.28 

0.09 -0.11 -o. 46 

-0.24 0.25 

-1. 29 

S.E. (GCA effect) 0.10 
S. E. (SCA effect) 0. 29 

SCA 
variance 

0.12 

0.03 

-0.02 

0.14 

0.13 

0.04 

0.03 

0.13 

0.06 

0.05 

0.11 

0.08 
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line Va85 had the lowest or most negative GCA effect for 

rind puncture in both years, with values of -1.07 and -1.29. 

These values also exceed their re spec ti ve standard errors. 

This suggests that H93 has very high general combining abil-

ity for inherent rind strength or hardness in hybrid combi-

nation as measured by rind puncture and that Va85 has low or 

poor general combining ability. Evidence for this also is 

found in Table 4 where H93 has the highest mean rind punc-

ture value or average combining ability over its eleven 

crosses and Va85 the lowest. 

In both 1981 and 1982 certain hybrid combinations had 

better or poorer rind puncture values than expected based on 

the average performance of the parent lines involved. In 

1981 (Table 5), B73 x H93, A632 x Mol7, and A632 x Val7 had 

relatively large, negative SCA effect values of -0.71, -0.52 

and -0.58, respectively, indicating that these crosses had a 

lower rind puncture than expected based on the average per-

formance of the parents involved. Similarly, Pa91 x H96, 

Pa91 x Va85, and H96 x Va85 had relatively large, positive 

SCA effect values of 0.50, 0.34 and 1.13, respectively, in-

dicating that these crosses had a higher rind puncture than 

expected based on the average performance of the parents. 

In 1982 (Table 6), A632 x B73 had a large negative SCA ef-

fect value of -0.44 indicating that this cross had a lower 
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rind puncture than expected based on the average performance 

of the parents. The hybrids A619 x H96 and Pa91 x H96 had 

large, positive SCA values of 0.62 and 0.57, respectively, 

indicating that these crosses had a higher rind puncture 

than expected based on the average performance of the pa-

rents. 

Additionally from Tables 5 and 6, Mol7 and Val7 tended 

to have high general combining ability for rind strength 

coupled with relatively low SCA variances of 0.08 and 0.03, 

and 0.04 and 0.03 for 1981 and 1982, respectively. This 

suggests that they tend to uniformly transmit their superior 

stalk strength to their Fi crosses. 

Since the hybrid by date interaction was highly signi-

ficant in 1982, a separate analysis of variance for each of 

the two dates was conducted. Analyses of variance for rind 

puncture for the two dates of measurement in 1982 are pre-

sented in Table 7. Mean squares detected for hybrids and 

density components were highly significant for both dates. 

GCA and SCA mean squares were highly significant and signi-

ficant, respectively, for both dates. Hybrid by density in-

teraction was not significant for either date. 

Rind puncture means for the 66 Fi crosses on the two 

dates of measurement for 1982 are presented in Table 8. The 

highly significant hybrid by date interaction from the ove-



'l'able 7. 

Source of 
variation 

Rep 

Hybrids 

GCA 

SCA 

Error (1) 

Density 

Error (2) 

Source of variation, mean squares, and expected mean squares for l~ind puncture at two dates 
of measurement for 1982. 

Mean sguares Exeected mean sguares 
df Date l Date 2 Model I Model II 

2 8.4981** 37.6128** 

65 8.9173 .. 16.3898** 2 2 + 12t11 
2 2 2 

"3 + 4.,1 o 3 + 401 + 120 11 

2 2 120 2 4o 2 + 
? 2 11 41. 7370** 78.1763** 03 + 401 +rr+ccA "3 + l 1 ;,:"scA +120oGCA 

54 2.2318* 3.80Jl* 2 2 24 2 -t· 4o~ 2 
"3 + 401 + lOB~SCA 03 + 12oSCA 

130 1. 4247 2.5233 2 2 2 4o 2 "3 + 401 03 + l 

3 37.1809*• )4.6052H 2 2 
+ 19841D 2 2 198+0 "3 + 6602 "3 -~ 6602 + 

6 .7470 .8407 2 2 2 2 
03 + 6602 "3 + 6602 

Hybrid x Density H5 .5655 .5661 2 
-~ 3+ 2 2 

03 03 + 30ttxD 
llXD 

Error (3) 390 .6167 .6121 2 2 
"3 03 

c.v. 8.7447 8.6021 

*,**Significant at the .05 and .Ol probability levels, respectively for Model I. 

°' -...] 
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Table 8. Hean rind punctmre values in kg for 66 F1 single· 
cross hybrids (12-parent diallel) measured at two 
dates (mid-silk date and 2 to 3 weeks later) in 
1982. 

F1 hybrid Date 1 Date 2 Average 
Va.79:419 x A619 9.26 7.72 8.49 

II II x A632 8.86 8.67 8.77 

" II x B73 8.76 8.27 8.51 

II II x H93 9.43 9.91 9.67 

II II x Mol7 9.58 8.92 9.25 

II II x Val7 9.62 8.99 9.30 

II II x H60 8.19 7.01 7.60 

II II x Pa91 9.37 8.92 9.14 

II II x H96 8.45 8.03 8.24 

II II x Oh7B 9.27 9.87 9.57 

II II x Va85 8.25 7.94 8.07 

A619 x A632 8.87 8.54 8.71 

II x B73 8.47 8.98 8.73 

II x H93 9.74 9.92 9.83 

II x Mol7 9.56 8.78 9.17 

II x Val7 9.23 9.42 9.33 

II x H60 8.70 7.25 7.98 

II x Pa91 7.70 8.09 7.90 

II x H96 8.52 8.81 8.66 

II x Oh7B 8.07 7.93 8.00 

II x Va85 7.52 6.96 7.24 

A632 x B73 8.65 9.39 9.02 
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Table 8. Continued 

Date 1 Date 2 Mean 

A632 x H93 10.37 10.93 10.65 

II x Mol7 9.86 10.24 10.05 

" x Val7 9.94 10.29 10.12 

II x H60 8.84 8.86 8.85 

" x Pa91 8.57 8.46 8.52 

II x H96 8.40 8.67 8.53 

II x Oh7B 9.64 9.50 9.57 

II x vai35 8.32 7.83 8.07 

B73 x H93 9.68 10.57 10.12 

II x Mol7 9.59 10.17 9.88 

II x Val7 10.36 10.97 10.66 

" x H60 8.87 10.25 9.56 

II x Pa91 8.37 9.94 9.15 

II x H96 8.42 8.85 8.64 

II x Oh7B 9.82 11.00 10.41 

II x Va85 7.23 7.85 7.54 

H93 x Mol7 10.50 12.42 11. 46 

II x Val7 11. 08 11. 42 11.25 

II x H60 9.07 8.97 9.02 

II x Pa91 9.64 9.65 9.65 

II x H96 9.14 8.87 9.00 

II x Oh7B 9.44 10.09 9.76 
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Table 8. Continued 

Date 1 Date 2 Mean 

H93 x Va85 9.27 9.58 9.42 

Mol7 x Val7 10.57 10.94 10.76 

II x H60 8.75 8.49 8.62 

II x Pa91 9.80 10.15 9.98 

II x H96 9.11 9.28 9.19 

II x Oh7B 9.24 10.52 9.88 

II x Va85 9.20 8.38 8.79 

Val7 x H60 10.09 9.76 9.93 

" x Pa91 9.12 9.51 9.31 

" x H96 9.15 9.16 9.15 

" x Oh7B 9.85 10.50 10.17 

II x Va85 8.12 8.03 8.07 

H60 x Pa91 7.89 8.36 8.12 

II x H96 8.83 8.04 8.44 

II x Oh7B 8.47 9.47 8.97 

II x Va85 7.20 7.44 7.32 

Pa91 x H96 8.90 8.84 8.87 

II x Oh7B 9.25 8.61 8.93 

" x Va85 6.94 7.14 7.04 

H96 x Oh7B 8.76 9.10 8.93 

II · x Va85 7.26 7.12 7.19 

Oh7B x Va85 7.76 7.76 7.76 

Overall Mean 8.98 9.10 9.04 
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rall analysis is evident here since rind puncture values for 

some crosses increased while others decreased. The hybrid 

H93 x Va17 had the highest mean rind puncture of 11.08 kg at 

date 1 (midsilk), whereas Pa91 x Va85 had the lowest mean 

rind puncture of 6.94 kg at this date. At date 2 (2 to 3 

weeks post-flowering) the hybrid H93 x Mo17 had the highest 

mean rind puncture of 12.42 kg whereas A619 x Va85 had the 

lowest mean rind puncture of 6.96 kg at this date. The hy-

brid H93 x Mo17 had the highest rind puncture value of 11.46 

kg while Pa91 x Va85 had the lowest at 7.04 kg when averaged 

over both dates. 

The mean rind puncture values for the eleven crosses 

involving each inbred line at each date are given in Table 

9. At both dates 1 and 2, hybrid combinations involving H93 

had the highest mean rind puncture at 9.76 kg and 10.21 kg, 

respectively. Hybrids with Va85 as a common parent had the 

lowest mean rind puncture of 7.92 kg at date 1 and 7.82 kg 

at date 2. Their hybrid combinations also had the highest 

and lowest rind punctures of 9.99 kg and ·7.87 kg, when aver-

aged over both dates. 

Estimates of GCA and SCA effects for the twelve lines 

and 66 F 1 crosses for date 1 (midsilk) are given in Table 

10. The line H93 had the highest or most positive GCA ef-

fect of .86 for rind puncture at date 1 while Va85 had the 
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Table 9. Mean rind puncture values in kg measured at two 
dates (mid-silk and 2-3 weeks later) for each 
of the inbred lines of a 12-parent diallel when 
crossed with the othe_r 11 inbreds and grown at 
four plant densities in 1982. 

Inbred line 

Va79:419 

A619 

A632 

B73 

H93 

Mol7 

Val7 

H60 

Pa91 

H96 

Oh7B 

Va85 

Date 1 

9.00 

8.69 

9.12 

8.93 

9.76 

9.61 

9.74 

8.63 

8.69 

8.63 

9.05 

7.92 

Date 2 

8.57 

8.40 

9.22 

9.66 

10.21 

9.84 

9.91 

8.54 

8.88 

8.62 

9.49 

7.82 

Average 

8.79 

8.55 

9.17 

9.30 

9.99 

9.73 

9.83 

8.59 

8.79 

8.63 

9.27 

7.87 



Table 10. Estimates iro1n a 12-parent diallel cross of GCA effects and scr, etr"cts for rind puncture values 
measured at mid-silk, averaged over four plant densities in 19B2. 

SCA effects 
va.79:419 ~H2- A632 871 1193 Mol7 Val7 

Va79:419 0.57 -0.30 -0.19 -0.H -0.12 -0.22 

A619 0.05 -0.14 0.22 0.20 -0.27 

A632 -0.41 0.38 0.03 -0.02 

873 -0.10 -0. 03 0.60 

1193 -0.04 0.41 

Mol7 0.06 

Val7 

1160 

Pa91 

1196 

Ob7B 

Va05 

1160 Pa91 

-0.43 0.69 

0.42 -0.64 

0.10 -0.24 

o. 33 -(). 23 

-0.38 0.13 

-0.54 0.44 

0.67 -0. 37 

-0.36 

GCA 
1196 Oh7B Va85 effects 

-0.17 0.19 o. 42 0.02 

0.24 -0.68 0.03 -0.31 

-0.35 0. 4 3 0.35 0.15 

-0.12 0.82 -0.52 -0.06 

-0.31 -0.48 0.61 0.86 

-0.JB -0.52 0.70 0.70 

-0.28 -0.05 -0.52 O.B3 

0.62 -0.20 -0.22 -0.39 

0.63 0.52 -0.54 -0.32 

0.08 -0.17 -0.39 

-0.13 0.08 

-1.17 

S.E. (GCA effect) 0.10 
S.E. (SCA effect) 0.31 

-...] 
w 
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lowest or most negative GCA effect of -1. 17. The hybrid 

Pa91 x H96 had a positive SCA effect of .63 indicating that 

this hybrid had a better rind puncture value than expected 

based on the average performance of the parents. 

Estimates of GCA and SCA effects for the twelve lines 

and 66 F 1 hybrids for date 2 are given in Table 11. Similar 

to date l, the lines H93 and Va85 had the highest or most 

positive and lowest or most negative GCA for rind puncture 

of 1.23 and -1.40, respectively. The hybrid A632 x B73 had 

a negative SCA effect of -.46 indicating that this cross had 

a poorer or lower rind puncture value than expected based on 

the average performance of the parent lines. The hybrid 

Pa91 x H96 had a positive SCA effect of .51, indicating its 

rind puncture value was higher than expected based on the 

average performance of parents. 

The combined analysis of variance over two years for 

rind strength is presented in Table 12. Highly significant 

mean squares were detected for years, hybrids, and densi-

ties. Mean squares for GCA and SCA were highly significant 

as well. The mean square for dates was not significant. 

Significant interactions were detected for years x hy-

brids, years x density, and year x hybrid x date. This sug-

gests that rind puncture values for the hybrids differed 

between years and that rind puncture values differed for the 



Table 11. Estimates from a 12-parenl diallnl eras:; of GCA effects and SCA effects for rind puncture at two 
to three weeks post-flowering avera~1ed over four Plant densities in 1982. 

SCA effects 
va.79:419 A619 A632 B7) 1193 Mol7 Val7 1160 

va.79:419 -0.03 0.02 -0. 86 0.16 -0.42 -0.42 -0.89 

A619 0.08 0.03 0.36 -0.38 0.20 -0.47 

A632 -0.46 0.48 0.19 0.17 0.24 

B73 -O.J7 -o. 37 0.36 1.15 

H93 1. 27 0.20 -o. 74 

Mol7 0.13 -0.82 

Val7 0.39 

1160 

Pa91 

1196 

Oh71l 

Va85 

Pa91 

0.64 

0.00 

-0.53 

0.46 

-0.43 

0.47 

-0.24 

0.12 

GCA 
H96 Oh7B Va85 effects 

0.05 0.93 0.82 -0.58 

1. 01 -0.63 0.03 -o. 76 

-0.04 -0.16 o.oo 0.13 

-0.33 0.86 -0.47 0.62 

-0.93 -0.67 0.66 l. 23 

-0. ll 0.17 -0.13 0.82 

-0.30 0.08 -0.56 0.89 

0. 0') 0.56 0.37 -0.61 

0.51 -0.68 -0.32 -0.24 

0.10 -0.05 -0.53 

-0.36 0.43 

-l. 40 

S.E. (GCA effect) 0.14 
S.E. (SCA effect) 0.41 

-...] 
lJl 



Table 12. source of variation, mean squares, and expected mean squares for rind puncture combined over two years. 

Model I 
Expected ntaan >;<Juares 

Model II 
Sout·ce of 
variation df Mean square 

Years l 1990.7284** 

Rep (Year) 4 30.4186 

Hybrids 65 44.1712** 2 2 2 + 4B~H 2 2 2 2 
a7 + 2a3 + Ba 1 07 + 203 + Ba 1 + 4 Ba II 

GCl\ 11 229.6690** 2 2 2 480 2 2 2 2 2 
"1 + 203 + Bo 1 +u tGCA 07 + 203 + Oo 1 + 4BoSCA t480 "GCA 

SCA 54 6.3846** 2 2 2 
+ 4~'scA 

2 2 2 2 
07 + 203 + Bo 1 "foe 07 + 203 + Bo 1 + 4BaSCA 

Year x Hybrid 65 6.5910** 2 2 2 
244Yxll 

2 2 2 2 
a7 + 203 + 8"1 + 07 + 203 + Bo 1 + 24oYxll 

Error (1) 260 2.8996 2 
a7 + 

2 203 + 2 
801 

2 
07 + 

2 
2a3 

2 + 801 

Density 3 217. 2376** 2 2 2 
792~D 

2 2 2 2 
+ 792~1) a7 + 2al + 132a2 + 07 + 203 + 1321.12 + 396oYxD -.....) 

Year x Density 3 15.9807* 2 2 2 2 2 2 2 O'I 

"1 + 203 + l 32a2 + 396tYxD 07 + 203 + 13202 + 396oYxD 

Error (2) 12 3.6176 2 2 2 2 2 2 
07 + 203 + ] 3202 07 + 203 + 13202 

Hybrid x Density 195 0.9626 2 2 2 2 2 ? 
07 + 203 + 12411xD 07 + 203 + 60 YxHxD + 12oiixo 

Year x Hybrid x Density 195 0.9901 2 2 2 2 2 
07 t 2"3 + 64 'lxllxD 07 + 203 + 60 YxllxD 

Error ( 3) 780 0.9164 2 2 2 2 
07 + 203 07 t 203 

Dates l 0.4146 2 2 .2 2 
1584~Da 

2 2 2 2 2 
07 + 405 + 6606 + 264 0 4 ... 07 + 405 + 26404 + 792oYxDa + l 504~Da 

Year x Date 6.7470 2 2 2 2 
792 ~YxDa 

2 2 2 2 
07 + 405 + 6606 + 26404 + 07 + 405 + 26404 + 792oYxDa 

Error (4) 4 5. 0772 2 2 2 2 2 2 2 
07 + 405 + 6606 + 26404 07 + 4a5 + 26404 

llybr id x Date 65 2.3626 2 2 
24 t11xna 

2 2 2 2 
a7 + 405 + "1 + 405 + 120YxllxDA + 24 auxoa 



'J'able 12. Continued 

Source of Exeected niean s9uares 
variation df Mean square Model I Model II 

'/ear x llybr id Date 65 3. 4425** ~ 2 
12"'11xllxDa 

2 2 2 x 07 + 405 + 07 + 405 + 120YxHxDa 

Error (5) 260 1.9864 2 2 2 2 
07 + 405 07 + 405 

Densi t}' x 3 0.8577 2 2 
396 ~DxDa 

2 2 2 
396~D>:Da Date 07 + 6606 + ''7 + 66a 6 + 1980'/xDxDa + 

'/ear x Density x Date 3 0. 917 2 2 2 
198 ~'/xDxDa 

2 2 2 
07 + 6606 t a7 + 66a 6 + 1980YxDX[J3 

Error (6) 12 1. 10119 2 2 2 2 
07 + 6606 07 + 6606 

Year x Uybr id x Density x Date 390 0. 5658 2 + 3 ~YxllxDxDa 
2 Jo2 07 07 + llxllxDxDa 

Error (7) 780 0. 5436 2 2 
07 U7 

c.v. 8.9423 

•,••significant at the .05 and .Ol probability level, respectively for Model I. 
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same density from 1981 to 1982. Zuber and Loesch (1966a) 

and Thompson (1964) also found different years to have sig-

nificant effects on stalk quality traits. No significant 

interaction was detected in the combined analysis for hybrid 

by density or hybrid by date. 

Rind puncture means over the two years for the 66 F 1 

hybrids at each of the four densities are presented in Table 

13. The overall experimental mean for rind puncture over 

the two years was 8.25 kilograms. The hybrid H93 x Mol7 was 

the highest at each of the four densities with mean rind 

puncture values of 11.85 kg, 11.30 kg, 11.02 kg, and 10.02 

kg. The hybrid Pa91 x Va85 had the lowest rind strength at 

39,536, 49,420 and 69,188 plants per hectare over the two 

years with mean rind puncture values of 6.62, 6.72, and 6.06 

kg, respectively. At 59,304 plants per hectare, the hybrid 

H60 x Va85 had the lowest rind puncture value of 6. 13 kg. 

Averaging over all four densities and the two years, A619 x 

Va85, with a mean of 6.50 kg, had the lowest rind strength 

of the 66 F1 hybrids. 

The mean rind puncture value of the eleven crosses of 

each inbred line over two years at each of the four densi-

ties are given in Table 14. The line H93 had the highest 

mean rind puncture value or average combining ability over 

two years at all four plant densities with values of 10.19, 



'fable 13. Mean rinJ puncture values for 66 F1 maize single cross hybrids (12-parent 
diallel) grown for two years (1981 and 1982) at four plant densities. 

Rind euncture means in k2 for indicated densities (elantsLhal 
F1 hybrid 391536 49i420 59,304 691188 Avera9e 

Va.79:419 x A619 7.93 7.32 6.87 6. 77 7.22 
II x A632 9.10 8.33 0.10 7.35 8.22 .. x 873 8.44 8.57 7.83 7.55 0.10 
II x 1193 10.44 9.69 9.88 8.79 9.70 

II x Mol7 8.96 8.75 0.21 7.78 8.42 
II x Val7 9.28 8.89 7.92 7.42 8.38 

x 1160 7.67 6.86 7.20 6.53 7.07 
II x Pa91 8.89 8.12 8.57 7.42 8.25 

II x 1196 8.92 7.68 7.55 6.08 7.53 
x Oh78 8.91 8.83 8.14 8.29 8.54 ~ 

II x Va85 8.02 7.61 
\.0 

7.27 6.95 7.46 
A619 x A632 8.42 8. 33 0.00 7.57 8.10 

" x 873 8.60 8.38 8.04 7.20 8.05 
x 1193 9.92 9.90 9.33 8.50 9.41 
x Mol7 8.82 8.44 8.17 7.23 8.16 
x Val7 9.01 8.82 8.49 8.17 8.62 
x 1160 7.70 7.58 7.85 7.20 7.58 

II x Pa91 7.62 7.63 7.02 6.81 7.27 
x 1196 8.53 7.64 8.26 7.08 7.88 
x Oh78 8.38 8.06 7.69 7.38 7.88 
x Va85 6.70 6.81 6.29 6.20 6.50 

A632 x 873 9.26 8.75 0. 49 7.57 8.52 .. x 1193 11.14 10.06 10.73 9.70 10.41 
x Mol7 9.47 8.79 8.48 8.34 8. 77 
x Val7 9.23 9.16 8.62 7.95 8.74 



'!'able 13. Continued 

Rind~cture means in k~ for indicated densities C12lantsLha) 
39,536 49_, 420 - 59,304 ____ ~~~~ Average 

A632 x 1160 8.42 8.00 7.49 7.28 7.80 

" x Pa91 8.62 8.24 7.69 7.14 7.92 

" x 1196 8.04 7.66 7.54 7.28 7.63 
x Oh7B 10.07 8.73 8.56 8.31 B.92 
x Va85 7.75 7.35 6.70 6.65 7.11 

B73 x 1193 9.85 9. 72 9.76 8.91 9.56 
x Mol7 9. 75 9.38 9.59 8.44 9.29 
x Val? 9.99 9.54 9.96 B.63 9.53 
x 1160 9.68 9.00 a.ea 8.50 9.01 

00 
" x Pa91 8.54 7. 72 7.98 7.37 7.90 0 

x H96 8. 74 e. 12 7.58 6.97 e.oo 
x Oh7B 9.56 9.23 8.98 B.09 B.96 

" x Va85 7.74 7.05 6.91 6.47 7.05 
1193 x Mol7 11.85 11. 30 11.02 10.02 11.05 

x Val? 11. 69 11. 03 10.36 9.84 10.73 
x H60 10.03 9.10 8.75 8.52 9.10 

" x Pa91 9.40 9.53 0. 79 8.02 8.94 
x H96 9.30 8.59 8.37 8.10 8.59 
x Oh7B 9.75 9.78 8.79 9.08 9.35 
x Va85 8.66 B.90 8.41 7.91 8.47 

Mol7 x Val7 10.78 10.45 9HO 8.33 9.66 
II x H60 8.50 B.55 7.82 7.58 B.11 

" x Pa91 9.30 8.73 8.27 8.10 B.60 
x 1196 8.29 8.37 7.86 7.70 B.06 



Tdble 13. Continued 

Hind 12uncture medns in .k~ for indicated densities (Elants/ha) 
39,536 '±2.,_420 __ 59 304 69_, 188 Average 

Mol7 x Oh7B 9.32 8.95 8. 11 7.61 8.65 
x Va85 8.20 7.28 7.46 7.80 7.80 

Val7 x H60 8.62 a.ea 8.10 7.61 8.30 
II x Pa91 8.63 8~33 8.47 7.37 8.20 
II x H96 8.81 8.23 8.35 7.48 8.22 
II x Oh7B 10 .14 9.24 8.29 8.60 9.07 
II x Va85 7.89 7.81 7.33 6.16 7.30 

H60 x Pa91 7.32 7.20 6.53 7.01 7.02 00 
II x H96 8.10 7.29 7. 31 6.39 7.27 I-' 

II x Oh7B 8.51 8.13 7.44 7 .14 7.81 
x Va85 7.01 6.94 6.13 6.25 6.58 

Pa91 x H96 8.44 7.94 7.67 7.30 7.84 
II x Oh7B 8.13 8.07 7.32 6.47 7.50 

" x Va85 6.62 6. 72 6.80 6.06 6.55 
1196 x Oh7B 8.45 8.23 7.82 7.00 7.88 

II x Va85 7.85 7.55 6,93 6.11 7 .11 
Oh7B x Va85 7.16 7.22 7.10 6.39 6.97 

Overall Ma ans 8.82 8.46 8.12 7.59 8.25 



Table 14 Mean rind puncture values for each of the inbred lines of a 12-parent 
diallel when crossed with the other 11 inbreds and grown for two years 
(1981 and 1982) at four plant densities. 

Mean rind puncture value in k9: for indicated J2lant density {plants/ha) 

39,536 49,420 59,304 69,188 Average 

Va79:419 8.68 8.24 8.00 7.43 8.09 

A619 8.34 8.09 7.83 7.29 7.89 

A632 9.05 8.49 8.23 7.75 8.38 

B73 9.11 8.73 8.55 7.79 8.55 
00 

H93 10.19 9.78 9.47 8.86 9.58 IV 

Mol7 9.39 9.07 8.61 8.09 8.79 

Val7 9.47 9.15 8.64 7.96 8.81 

H60 8.32 7.96 7.60 7.28 7.79 

Pa91 8.32 8.02 7.79 7.19 7.83 

H96 8.41 7.99 7.75 7.12 7.82 

Oh7B 8.93 8.59 8.08 7.67 8.32 

Va85 7.59 7.43 7.04 6.63 7.17 

Average 8.82 8.46 8.13 7.59 8.25 
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9.78, 9.47, and 8.86 kilograms. Similarly, Va85 had the 

lowest mean rind puncture value over two years at all four 

plant densities with values of 7.59, 7.43, 7.04, and 6.63 

kilograms. 

Estimates of GCA effects for rind puncture over two 

years for each of the twelve inbred lines and SCA effects 

for the 66 F 1 crosses are presented in Table 15. The SCA 

variance associated with each of the twelve lines is also 

presented in Table 15. The line H93 had the highest or most 

positive GCA effect of 1.46 over two years whereas Va85 had 

the lowest or most negative GCA effect value of -1.18. Both 

of these values exceeded the standard error of 0. 07 for a 

GCA effect. The cross B73 x H93 had a negative SCA effect 

of -0.47 exceeding the standard error of 0.22 for a SCA ef-

fect. This suggests that this cross tended to have a lower 

rind puncture value than expected over the two years based 

on the average performance of the parent lines. In con-

trast, Pa91 x H96 had an SCA effect of 0. 53, indicating a 

higher rind puncture value than expected over the two years 

based on the average performance of the parent lines. Lines 

Mol 7 and Val 7 had GCA effect values of 0. 59 and 0. 61, re-

spectively. In addition, their relatively low SCA variances 

of 0.05 and 0.02 indicated that they consistently transmit-

ted their superior rind strength to their respective F 1 's. 



Table 15. Estirhates from a 12-parent diallel ccoss 
puncture values averaged over tw0 d.ites, 

IJa. 79:U9 A619 A632 B73 1193 
Va.79:419 -0.44 0.01 -0.30 0.17 

A619 0.11 -0.12 0.11 

A632 -o. 20 0.56 

B73 -0. 47 

1193 

Mol7 

Val7 

H60 

Pa91 

1196 

Oh7B 

Va35 

of GCA effects, SCA effects, and SCA variances for rind 
four plant densities, and 

SCA effects 
Mol7 Val? 1160 Pa91 

-0.23 -0.29 -0.49 0.66 

-o. 27 0.17 0.24 -0.10 

-0.21 -0.25 -0.09 o.oo 
0. l l 0.35 0.95 -0.20 

0.75 o. 42' -0.10 -0.30 

0.23 -0.21 0.24 

-0.05 -0.18 

-0.25 

two yeacs. 

1196 
-0.06 

0.51 

-0.29 

-0.10 

-0.65 

-0.31 

-0 .16 

0.00 

0.53 

GCA SCA 
Oh7B Va BS effect variance 
0.39 0.58 -0.18 0.11 

-0.05 -0.16 -0.40 0.01 

0.45 -0.10 0.14 0.02 

0.31 -0.35 0.33 0.11 

-0.44 -0.06 l. 46 0.15 

-0.27 0.14 0.59 0.05 

0.14 -0.37 0.61 0.02 

-0.02 0.02 -0.51 0.08 

-0.36 -0.05 -0.47 0.06 

0.02 0.51 -0.47 0.09 

-0.18 0.08 0.03 

-1.18 0.04 

S.E. (<:CA effect) 0.07 
S.E. (SCA effect) 0.22 
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Analysis of variance for percent erect plants in 1981 

is presented in Table 16. The mean square for differences 

among hybrids was highly significant. Mean squares for GCA 

and SCA were also highly significant. While the mean square 

for differences among densities was not significant, the hy-

brid by density interaction mean square was significant at 

the . 05 probability level. This implies that hybrids did 

not perform consistently over plant densities. This seems 

rather unexpected and is in contrast with the findings of 

previous studies by Genter and Camper (1973) and Russell and 

Machado (1978) whose studies indicated that as plant popula-

tions increased, percent erect plants increased or converse-

ly, percent stalk lodging increased. 

The means for percent erect plants for the 66 F 1 hy-

brids at each of the four plant densities are presented in 

Table 17. It should be noted that these data are presented 

as transformed data using the arcsin transformation proce-

dure. In this case, a transformed value of 90% would be 

equivalent to 100% for the actual observation. In some cas-

es, two hybrids may not have had identical percent erect va-

lues in each of the three replications, yet when averaging 

over replications, display identical percent erect values. 

The percent erect values for each replication were first 

transformed and then averaged over replications to obtain a 



Table 16. Source of variation, mean squares, and expected mean squares for percent 
erect plants in 1981. 

Source of Expected mean squares 
variation df Mean squares Model I Model II 

Rep 2 1289.6679** 

Hybrids 65 2163.2901** 2 2 + 12<j>H 2 2 2 
03 + 401 03 + 4o1 + 12oH 

11 8504.8043** 2 2 120 2 2 2 2 GCA 03 + 401 +ll<j>GCA 03 + 4o 1 + 12oSCA +120oGCA 

54 871.5001** 2 2 24 2 2 2 SCA 03 + 401 +108 <l>scA 03 + 4o1 + 12oSCA 

(1) 130 403.8077 2 2 2 2 Error 03 + 401 03 + 4o 1 co 
O'I 

Density 3 1459.9743 2 2 + 198<!>0 
2 2 + 198<!> 0 03 + 6602 03 + 6602 

(2) 6 457.2824 2 2 2 2 Error 03 + 6602 03 + 6602 

Hybrid x Density 195 179.1769* 2 
+ 3 <1>HXD 

2 + 3 2 03 03 0HxD 

( 3} 390 144.6683 2 2 Error 03 03 

c.v. 18.0893 

*,**Significant at the .05 and .01 probability levels, respectively for Model I. 



Table 17. Mean percent (arcsine transformed) erect plants for 66 F1 maize single-
cross hybrids (12 parent diallel) grown at four plant densities in 1981. 

% erect elants for indicated Eo2ulation (plants/ha) 

F1 hybrid 39,536 49,420 59,304 69,188 Average 
Va. 79:419 x A619 82.3 90.0 90.0 90.0 88.l 

x A632 64.7 77.0 §9.3 52.3 6 3. 3 

x B73 68.0 68.7 84.7 7 4. 3 73.9 

x H93 84.7 53.3 50.0 57.7 61. 4 
x Mol7 5 8. 3 72.0 74.0 79.3 70.9 
x Val7 80.3 76.7 69.0 65.7 72.9 

x H60 77.0 74.7 75.0 76.3 75.8 
x Pa91 65.3 71. 7 84.7 77.0 74. 7 
x H96 18.7 40.3 43.0 33.0 33.8 00 

-....) 
x Oh7B 58.3 73.3 71. 7 53.3 64.2 
x Va85 72.0 71. 0 68.0 67.0 69.5 

A619- x A632 77.0 85.0 84.7 90.0 84. 2 
x B73 79.3 69.7 67.0 71. 0 71. 8 
x H93 90.0 84.7 90.0 80.3 86.3 
x Mol7 fl4. 7 84.3 90.0 90.0 8 7. 3 
x Val7 80.3 90.0 90.0 84.7 86. 3 
x H60 90.0 84.7 84.7 90.0 87. 3 
x Pa91 84.7 90.0 90.0 90.0 88.7 
x H96 61. 0 51. 0 60.0 40.7 5 3. 2 
x Oh7B 64.7 60.0 58.0 58.0 60.2 
x Va85 79. 7 77.0 72. 3 70.7 74.9 

A632 x B73 50.0 47.0 56.7 47.3 50.3 
x H93 79.3 71. 0 70.0 72. 3 73.2 
x Mol7 82.3 69.7 62.0 68.0 70.5 



Table 17. Continued 

% erect elants for indicated EOEulation (Elants/ha) 

F1 hybrid 39,536 49,420 59,394 69,180 Average 

A632 x Val7 58.7 78.7 72. 7 52.3 65.6 
x H60 60.0 74.7 71. 7 72. 7 69.8 
x Pa91 69.7 79.3 75.0 64.0 72.0 
x H96 48.0 69.0 57.7 45.7 55.1 
x Oh7B 77. 3 62.7 52.3 40.3 58.2 
x Va85 56.0 41.0 50.3 39.0 46.6 

B73 x H93 84.7 84.7 79.3 79.3 82.0 .. x Mol7 79.3 79.3 77.0 84.7 80.1 
x Val? 90.0 84.7 84.7 73.3 83.2 co 

00 .. x H60 90.0 74.0 79.0 74.0 79.3 
II x Pa91 75.0 60.0 80.3 59.0 68.6 

x H96 71. 0 76.0 60.3 39.0 61.6 
x Oh7B 64.7 70.7 68.7 57.7 65.4 .. x Va85 62.0 45.7 57.0 48.7 53.3 

H93 x Mol7 84.7 77.0 84.7 73.3 79.9 
x Val? 71. 7 84.7 84.7 90.0 82.8 
x H60 90.0 74.0 70.3 74.7 77.3 

II x Pa91 90.0 77.0 72. 7 66.0 76.4 
II x H96 63.7 61.3 61. 7 51. 3 59.5 
II x Oh7B 77 .0 72.3 67.3 76.7 73.3 

x Va85 69.3 65.0 57.7 60.0 63.0 
Mol7 x Val? 58.7 74.0 67 .o 72.3 68.0 

II x H60 69.0 75.3 73.3 61. 3 69.8 
x Pa91 41. 0 52.3 39.7 53.7 46.7 



Table 17. Continued 

% erect 12lants for indicated EOEulation (Elants/ha) 

F1 hxbrid 39,536 49,420 59,394 691188 Avera9e 

Mol7 x H96 51. 0 51. 7 59.3 51. 7 53.4 

" x Oh7B 54.7 50.0 57.3 53.7 53.9 

" x Va85 67.3 69.7 66.3 64.7 67.0 
Val7 x H60 66.0 90.0 64.0 76.3 74.1 

x Pa91 70.0 59.3 58.0 69.3 64.2 
x H96 54.7 36.7 47.0 32.0 42.6 

x Oh7B 74.3 76.0 75.3 72.3 74.5 00 

x Va85 62.3 73.0 60.7 50.7 61. 7 \.0 

H60 x Pa91 57.7 71. 7 64.3 66.3 65.0 
x H96 61. 7 37.3 39.7 26.3 41.3 

x Oh7B 37.7 53.3 58.0 48.3 49.3 
x Va85 39.7 55.3 52.0 51. 7 49.7 

Pa91 x H96 43.0 41. 3 43.0 35.0 40.6 
x Oh7B 64.7 66.7 73.0 69.7 68.5 
x Va85 65.3 75.0 76.7 61. 7 69.7 

H96 x Oh7B 48.7 50.0 57.3 19.3 43.8 
x Va85 59.0 59.0 35.3 31. 0 46.l 

Oh7B x Va85 66.0 64.3 70.7 54.0 63.8 

Overall means 67.8 68.3 67.4 62.5 66.5 



90 

mean transformed percent erect value. Therefore, mean 

transformed values for two hybrids having the same actual 

mean percent erect value may be slightly different. 

From Table 17, the transformed experimental mean for 

percent erect plants was 66.5. At 39,536 plants per hectare 

several crosses, such as A619 x H93, B73 x Val7, and H93 x · 

Pa91, had percent erect values of 90.0. The cross Va.79:419 

x H96 had the lowest percent erect value of 18. 7 at this 

same density. The crosses Va79: 419 x A619, A619 x Val 7, 

A619 x Pa91, and Val7 x H60 had percent erect values of 90.0 

at 49,420 plants per hectare. At this same density, Val7 x 

H96 had the lowest percent erect value of 36. 7. Several 

crosses, such as Va. 79:419 x A619, A619 x H93, and A619 x 

Pa91, had percent erect values of 90.0 at 59,536 plants per 

hectare. The cross H96 x Va85 had the lowest percent erect 

value of 35.3 at this density. At 69,188 plants per hectare 

several crosses, such as Va79:419 x A619, A619 x A632, and 

A619 x Pa91, had percent erect values of 90.0. The cross 

H96 x Oh7B had the lowest percent erect value of 19. 3 at 

this same density. The cross A619 x Pa91 had the highest 

mean percent erect plants value of 88.7 over all four densi-

ties and, Va.79:419 x H96 had the lowest at 33.8. 

Although the hybrid by density interaction was signifi-

cant, some crosses appeared not to vary in percent erect 
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plants over densities. These crosses are Va.79:419 x A619, 

A619 x Pa91, B73 x H93, B73 x Mol7, and Mo17 x Oh7B. 

The mean values for percent erect plants for the eleven 

crosses of each of the twelve inbred lines at each of the 

four densities for 1981 are given in Table 18. At 39, 536 

plants per hectare, H93 had the highest at 80.5 and H96 the 

lowest at 52.8. At densities of 49,420, 59,304, and 69,188 

plants per hectare A619 had the highest percent erect values 

of 78.8, 79.7, and 78.9, respectively. The line H96, with 

values of 52.7, 51.3, and 36.8, had the lowest at these same 

three densities. Over all densities, A619 had the highest 

mean percent erect value of 79.2 and H96 the lowest value of 

48.4. 

Estimates of line GCA and hybrid SCA effects for per-

cent erect plants in 1981 for the diallel cross are present-

ed in Table 19. The line A619 had the highest GCA for per-

cent erect plants with a highly positive value of 13.66 and 

H96 the lowest with a highly negative value of -20.06. The 

negative SCA effect of -12 .19 for A619 x B73 indicated a 

lower percent erect value than expected based on the average 

performance of its parents. Conversely, the cross Oh7B x 

Va85 had a positive SCA effect of 9.51 indicating a better 

percent erect value than expected. 



'I'able 18. Average percent erect plants for each of the inbred lines of a 12-parent 
diallel when crossed with the other 11 inbreil.s and grown in 1981 at four 
plant densities. 

Inbred Mean Qercent erect Qlants for indicated 2lant density (2lantslha) 
Line 39,536 49,420 59,304 69,188 Average 

Va79:419 66.3 69.9 69.9 66.0 68.0 

A619 79.4 78.8 79. 7 78.9 79.2 

A632 65.7 68.6 64.8 58.5 64.4 

B73 74.0 69.1 72.2 64.4 69.9 

H93 80.5 73.2 71.7 71.1 74.1 

Mol7 66.5 68.7 68.2 68.4 68.0 

Val? 69.7 74.9 70.3 67.2 70.5 

H60 67.2 69.5 66.5 65.3 67.1 

Pa91 66.0 67.7 68.9 64.7 66.8 

I-196 52.8 52.7 51.3 36.8 48.4 

Oh7B 62.6 63.6 64.5 54.8 61.4 

Va85 63.5 63.3 60.6 54.5 60.5 

·J·Values in this table are arcsin /percentage -transformation values. In this case a 
transformed value of 90% is equivalent.to an actual observation of 100%. 

<..O 
N 



Table 19. Estimates from a 12-parent diallel cross of GCA.and SCA effects for percent erect plants averaged 
over two dates and four plant densities in 1981. 

SCA effects GCA 
Va79:419 A619 A632 B73 1193 Mol7 Val7 1160 Pa91 1196 Oh711 ~ effects 

Va.79:419 6.23 -2.58 l.93 -15.14 1.12 0.30 6.86 6.12 -14.39 1.61 7.93 1. 70 

A619 6.30 -12.19 -2.26 5.50 1.67 6.48 8.16 -6.93 -14.35 1.39 13 .66 

A632 -17.75 0.60 4.69 -3.05 4.04 7.44 l.0.93 -0.41 -11.00 -2.28 

B73 3.36 8.20 8.46 0.26 -2.05 11.36 0.76 -10.33 3.79 

H93 3.46 3.47 1. 70 1.21 4. 71 4.11 -5.23 8.36 

Mol7 -4.52 0.96 -21.78 5.38 -8.54 5.53 1.60 

Val7 2.46 -7.10 -8.28 9.21 -2.63 4.43 
\0 
w 

1160 -2.54 -5 .89 -12.23 -10.90 0.70 

Pa91 -6.20 7.29 9.45 0.35 

H96 3.03 6.27 -20.06 

Oh7B 9.51 -5.63 

Va85 -6.62 

S.E. (GCA effects) 1. 76 
S.E. (SCA effects) 5.25 
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A significant positive correlation of .35 was detected 

between rind puncture and percent erect plants over all 66 

Fi hybrids for 1981. Although this value does not indicate 

a strong association, its positive value is not unexpected 

and implies that as rind puncture values increase, percent 

erect plants also increases. This trend agrees with the 

findings of Thompson ( 1969, 1972) in that as percentage of 

erect plants increased, the rind became more resistant to 

puncture. 

Analysis of variance for the character stalk pinch in 

1982 is presented in Table 20. As indicated previously, 

stalk pinch is a relative ranking assigned to each hybrid 

describing the overall condition of the lower internodes of 

the stalk at harvest. This ranking has been treated as a 

quantitative measurement to facilitate analysis. 

Mean squares for differences among hybrids and mean 

squares for GCA and SCA were highly significant. Mean 

scr~ares for densities and the hybrid by density interaction 

were not significant. 

The mean stalk pinch values for the 66 Fi hybrids at 

each of the four plant densities are presented in Table 21. 

The hybrid Va.79:419 x A619, with values of 3.00 across all 

densities, had the poorest stalk pinch value. Conversely, 

the hybrids H93 x Val 7 and Val 7 x Va85 had the best stalk 



Table 20. Source of variation, mean squares, and expected mean squares for stalk 
pinch 

Source of Mean Expected mean squares 
variation df square_ Model I Model II 

Rep 2 .1085 

Hybri<;ls 65 4.4477** 2 2 + l2<j>H 2 2 2 
0"3 + 4a1 03 + 4a1 + 12aH 

11 20.6651** 2 2 120 2 2 2 +120a;CA GCA 0"3 + 4a 1 +Tl<f>scA 0"3 + 4a 1 + 12aSCA 

54 1.1442** 2 2 24 2 2 2 SCA 0"3 + 4a1 +100<l>scA 0"3 + 4a 1 + 12aSCA 

( 1) 130 .2589 2 2 2 2 Error 0"3 + 4a1 0"3 + 4a 1 \D 
LT1 

Density 3 4.4633 2 
0"3 + 

2 66a 2 + 198<j>D 2 
0"3 + 

2 66a 2 + 198<j>D 

( 2) 6 2.1299 2 2 2 2 Error 0"3 + 66a 2 0"3 + 66a 2 

Hybrid x Density 195 .1574 2 
+ 3 <1>HxD 

2 
30HxD a 0"3 + 3 

Error (3) 390 .1293 2 2 
0"3 a3 

c.v. 19.3028 

*,**Significant at the .05 and .01 probability level, respectively for Model I. 



Table 21. Mean stalk pinch values (l~hard, 3~soft) for 66 F1 maize single-cross 
hybrids(l2-parent diallel) 9rown at four plant densities in 1982. 

Mean einch values for indicated elant densities (plants/ha) 
__ F1 11}'.brid 39,536 49,420 59,304 69,180 Average 

Va79: 419 x A619 3.00 3.00 3.00 3.00 3.00 

x A632 2.60 2.93 3.00 3.00 2.88 

x B73 2.47 2.67 3.00 2.80 2.73 

" " x 1193 2.27 2.60 2.80 2.47 2.53 

" x Mol7 1. 93 2.53 2. 60 2.27 2.33 

x Val7 l.00 1.13 I.BO l.B7 1.45 

" x 1160 2.27 2.33 2.67 2.20 2.37 

" " x Pa91 2.27 2.13 2. 33 2.53 2.32 

x 1196 1. BO 2.20 2.BO 2.33 2.2B \0 

x Oh7B 2.20 2.40 2.67 2.53 2.45 O'I 

" x VaB5 2.13 2.13 2.07 2.27 2.15 

A619 x A632 2. 4 0 1. 60 2.47 2.40 2.22 

x B73 2.27 2.40 2.BO 2.60 2.52 

x 1193 1. 47 1. 20 1. 40 1. 73 1. 45 

x Mol7 2.BO 2.73 3.00 3.00 2.8B 

x Val7 1. 00 1.13 1.00 1.00 1.03 

" x 1160 1. 93 1.60 1. 93 2.47 1. 9B 

x Pa91 2.33 2.20 2.20 2.67 2.35 

x 1196 1. 27 1.13 1. 20 1.13 l.lB 

" x Oh7B 2.60 2.73 2.13 3.00 2.62 

x VaB5 1. 07 1.07 1. 33 1.47 1. 23 

A632 x B73 2.67 2. 33 2.B7 2.47 2.5B 

x 1193 1. 93 1.67 2.53 2.40 2.13 

" x Mol7 2.27 2.60 2.07 2.13 2.27 



Table 21. Continued 

Mean einch values for indicated elant densities <elants/ha) 
F1 h}'.brid 39, 536 4 9, 4 :.!O 59,304 691188 Avera9e 

A632 x Val7 1. 27 1. 00 1. 00 1.13 1.10 
II x 1160 1. 07 1.27 1. 60 1.87 1.45 

x Pa91 1. 73 l. 60 2.53 1. 73 1.90 
x 1196 1. 80 1.67 2.47 2.47 2.10 

" x Oh7B 2.87 2.53 2.87 2.80 2.77 
II x Va85 1. 20 1.00 1. 33 1.27 1. 20 

873 x 1193 2.13 1. 33 2.07 1. 93 1.87 
x Mol7 1. 73 l. 87 2.47 2.80 2.22 

II x Val7 1. 00 1.20 1. 07 1. 00 1.07 
x H60 1.13 1.60 2.00 2.00 1.68 

"° II x Pa91 1.27 1.13 1.00 1.60 1. 25 '1 

x 1196 l. 20 1.40 2.13 1.80 l. 63 
II x Oh7B l. 93 2.27 2.53 2.73 2.37 

x Va85 1.53 1.00 1.67 1.13 1. 33 
1193 x Mol7 2.00 2.40 2.27 1. 93 2.15 

x Val7 1. 00 1.00 1.00 1.00 1.00 
II x 1160 1. 07 1.20 1. 73 1.33 1.33 

x Pa91 1.13 1.60 1.47 1.47 1.42 
II x 1196 1. 00 1.07 l. 27 1.47 1. 20 
II x Oh7B 2.13 2 .13 2.67 2. 33 2.32 

x Va85 1. 00 .l. 00 1.00 1.20 1.05 
Mol7 x Val7 1. 53 1. 07 1. 93 1.67 1.55 

x 1160 2.07 2.27 2.60 2.13 2.27 
If x Pa91 2.33 2.73 2.80 3.00 2. 72 

x 1196 2.60 2.27 2.93 2.20 2.50 



Table 21. Continued 

Mean 12inch values for indicated elant densities <elants/ha) 
F1 hybrid 39, 5 36 49,420 591304 69,188 Avezia9e 

Mol7 x Oh7B 2.67 2.93 3.00 3.00 2.90 

" x Va05 1. 40 1. 53 2 .13 1.80 1. 72 
Val7 x H60 1. 20 1.00 1. 00 1.20 1.10 

" x Pa91 1. 07 1.00 1.00 1. 20 1. 07 

" x H96 1. 27 1. 00 1.20 1.27 1.18 
x Oh7B 1. 00 1. 00 1.40 1.07 1.12 
x Va85 1.00 1.00 1. 00 1.00 1.00 

H60 x Pa91 1.67 2.00 2.47 2.20 2.08 l.O 
(X) 

" x H96 1. 40 1. 53 1. 93 1. 73 1.65 
x Oh7B 1.60 1.33 2.27 2.33 1. 88 

" x Va85 1.00 1.13 1.07 1.13 1.08 
Pa91 x 1196 1.33 1. 27 1.20 1.27 1.27 

" x Oh7B 2.67 1. 07 2.73 2.47 2.43 
x Va05 1. 20 1. 27 1. 27 1.13 1.22 

1196 x Oh7B 2.27 1.80 2.07 2.27 2.10 
x va85 1. 33 1. 00 1. 53 1. 87 1.43 

Oh7B x VaB5 1. 07 1.33 1.40 1.60 1. 35 

Overall Means 1. 74 1. 73 2.01 1.97 1.06 
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pinch values with 1. 00' s being consistent across the four 

densities. Some other hybrid combinations such as A632 x 

H60, B73 x Mol7, B73 x Oh7B, Mol7 x Pa91, and Mol7 x Oh7B 

tended to have higher stalk pinch values and poorer stalks 

as plant density per hectare increased. 

The only notable environmental stress during the 1982 

growing season was anthracnose leaf blight, Colletotrichum 

graminicola (Ces) G. W. Wils. Hybrid combinations involving 

Val7 and Va85 appeared to be very tolerant or resistant to 

the disease as judged by their having a high percentage of 

green leaf tissue at harvest. Hybrid combinations involving 

these lines tended to have many of the lower or better stalk 

pinch values, indicating that their stalk quality did not 

deteriorate as much as others. Intuitively, it would seem 

that the ability of these hybrids to keep their leaves green 

longer may have reduced stalk decomposition and resulted in 

lower stalk pinch values at harvest. Christensen and Wil-

coxson (1966) have previously reported that severe defolia-

tion by leaf blights increases the level of stalk rot. 

Craig and Hooker ( 1961) concluded that any environmental 

factor such as leaf damage (i.e., reduced photosynthetic 

area) that influences the senescence of pi th tissue would 

also influence invasion by stalk rotting organisms. 
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Mean stalk pinch values of the eleven crosses for each 

line at each of the four densities are given in Table 22. 

The line Va17 had the lowest or best stalk pinch values at 

each of the four densities with values of 1.12, 1.05, 1.22, 

and 1.22. The line Va85 also had very good stalk pinch va-

lues across the four densities with an overall mean of 1.34. 

In contrast, Va. 79:419 had the highest or poorest stalk 

pinch value of 2.41 across densities. 

Estimates of GCA effects for stalk pinch for each of 

the twelve inbred lines and SCA effects for the 66 F 1 cross-

es for 1982 are presented in Table 23. In this case, a re-

latively large negative GCA effect would indicate high gen-

eral combining ability for stalk pinch. A positive GCA 

effect would indicate low or poor general combining ability 

for stalk pinch. The lines Val 7 and Va85 had values of 

-0.78 and -0.57, respectively, which exceeded the standard 

error of 0.04 for a GCA effect. This would indicate that 

Val7 and Va85 had the best or highest GCA for stalk pinch. 

This also supports the conclusions drawn previously from Ta-

bles 21 and 22 regarding these lines. 

The cross Va.79:419 x Mo17 had an SCA effect of -0.63 

indicating that this cross performed better than expected 

based on the average performance of the lines involved. Si-

milarly, Val 7 x Va85 had an SCA effect of 0. 49 suggesting 



Table 22. Mean stalk pinch ( l=hard; 3=soft) values for each of the inbred lines of a 
12-parent diallel when crossed with the other 11 inbreds and grown at four 
plant densities ·in 1902. 

Inbred Mean stalk Einch value for indicated Elant densitx (J2la:hts/ha) 
line 39,536 49,420 59,304 69,188 Avera9:e 

Va.79:419 2.18 2.37 2.61 2.48 2.41 

A619 2.01 1.89 2.04 2.22 2.04 

A632 1. 98 1. 84 2.25 2.15 2.06 

B73 1. 96 1. 75 2.15 2.08 1. 99 

H93 1. 56 1. 56 1.84 1. 75 1. 68 ...... 
0 
I-' 

Mol7 2.12 2.27 2.53 2.36 2.32 

Val? 1.12 1. 05 1.22 1.22 1.15 

H60 1.49 1.57 1. 93 1.87 1. 72 

Pa91 1. 73 1. 71 1. 91 1. 93 1.82 

H96 1. 57 1. 49 1.88 1. 80 1. 69 

Oh7B 2.09 2.03 2.34 2.38 2.21 

Va85 1. 27 1. 22 1. 44 1.44 1.34 



'fable 23. 

Va.79:419 

A619 

A632 

B73 

1193 

Mol7 

Val7 

1160 

Pa91 

1196 

Oh7B 

Va85 

Estimates from a 12-parent diallel cros!i of GCA and SCA effects for stalk pinch values 
averaged over four plant .Jc.,nsities in 1982 • 

SCA effects 
Va.79:419 A619 A632 873 1193 Mol7 Val7 1160 

0.34 0.21 0.19 0.27 -0.63 -0.23 0.06 

-0.05 0.38 -0.41 0.32 -0.24 0.011 

0.43 0.26 -0.31 -0.19 -0.46 

0.13 -0.22 -0.09 -0.09 

-0.01 0.12 -0.16 

-0.03 0.06 

0.18 

Pa91 

-0.10 

0.34 

-0.13 

-0.64 

-0.19 

o. 40 

0.03 

0.43 

GCA 
1196 Oh7B Va85 effects 

0.02 -0.39 0.26 0.60 

-0.68 0.18 -0.25 0.20 

0.22 0.31 -0.JO 0.21 

-0.11 0.05 -0.03 0.08 

-0.26 0.28 -0.04 -0.20 

0.33 0.16 -0.07 0.50 

0.30 -o. 34 0.49 -o. 78 

0.14 -0.20 -0.05 -0.16 

-0.35 0.24 -0.03 -0.05 

0.05 0.34 -0.20 

-0.32 0.38 

-0.57 

S.E. (GCA effect) 0.04 
S.E. (SCA effect) 0.13 

...... 
0 
N 
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that this cross performed poorer than expected based on the 

average performance of the two lines. As pointed out from 

Table 21, the cross Val7 x Va85 had a stalk pinch value of 

1. 00 across all densities indicating that it had the best 

performance possible based upon the ranking scale. This 

paradox seems to indicate that the range of values on the 

ranking scale was not broad enough from a statistical point 

of view to account for the SCA effects for some crosses. In 

essence, one would have expected the cross Val 7 x Va85 to 

have stalk pinch value less than l, even though this was not 

possible due to the limits of the ranking scale. This sug-

gests that the means for a trait based on a ranked scale are 

useful for interpretation of results, however, strict quan-

titative analysis of this type data has limitations and 

should be interpreted cautiously. 

A non-significant correlation of .038 was detected bet-

ween rind puncture and stalk pinch over all 66 F 1 hybrids 

for 1982. This lack of correlation seems to indicate that 

stalk pinch evaluations are relatively independent of rind 

strength. In fact, as pointed out previously, stalk pinch 

evaluations are indicative of the degree of stalk decomposi-

tion present at harvest and more likely reflect genetic ca-

pacity for resisting environmental stresses present as phy-

siological maturity approaches. 
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The analyses of variance for grain yield for 1981 and 

1982 are presented in Table 24. Highly significant differ-

ences were detected among hybrids in both years. Mean 

squares for GCA and SCA were also highly significant in both 

years. The mean square due to differences among densities 

was significant in 1981 and highly significant in 1982. The 

hybrid by density interaction mean square was significant in 

both years. This indicates that hybrids did not perform 

consistently for grain yield across the four densities in 

either year. 

The mean grain yields in megagrams per hectare (Mg/ha) 

for the 66 Fi single cross hybrids at each of the four plant 

densities for 1981 and 1982 are presented in Table 25. Me-

gagrams per hectare can be converted to bushels per acre by 

multiplying by a factor of 15.944. In general, yield levels 

of the 66 Fi hybrids were considerably higher in 1982 than 

in 1981, with an experimental mean yield of 10. 464 Mg/ha 

compared to 6.740 Mg/ha for 1981. The 1982 season was very 

favorable for corn production at Holland, Virginia because 

of favorable temperatures and adequate rainfall. Heat and 

moisture stresses during the growing season contributed to 

lower yields in 1981. 

In 1981 at 39,536 plants per hectare, the hybrid H93 x 

Pa91 had the highest mean yield of 7.987 Mgjha, whereas H60 



Table 24. Source of variation, mean squares, and expected mean squares for grain yield for 1981 
and 1982 

Source of Mean s9uares Ex~ected mean s9uares 
variation df 1981 1982 Model I Model II 

Rep 2 15. 0285** 7.0901** 

Hybrids 65 11. 7446** 18.4282** 2 
03 + 

2 
401 + 12.pll 

2 
03 + 

2 
4ol + 

2 
12011 

GCA 11 31. 6402** 75.9299** 2 2 
+_!~Q.4>GCA 

2 2 2 2 
03 + 401 03 + 401 + 12oSCA +l20oGCA 

11 
SCA 54 7.6918** 6.7149** 2 

03 + 
2 

401 
24 

+100"'scA 
2 

03 + 
2 

4ol + 
2 

12oSCA 

2 2 2 2 Error (1) 130 3.6599 2.6743 03 + 401 03 + 4ol 

Density 3 38.5124* 214.5181** 2 2 + l98.p 0 
2 2 + 198 .p 0 03 + 66a 2 03 + 6602 

Error (2) 6 5.7637 2. 34 73 2 2 2 2 
03 + 6602 03 + 6602 

Hybrid x Density 195 1.0103* .8203* 2 
3"'nxD 

2 2 
03 + 03 + 30HxD 

Error (3) 390 .7736 .6217 2 2 
03 03 

c.v. 13. 0486 7.5356 

*,**Significant at the • 05 and .01 probability level, respectively for Model I. 

I-' 
0 
U1 



Table 25. Mean grain yields for 66 F1 maize single cross hybrids grown at four plant densities 
in 1981 and 1982. 

Grain A'..!elds (Mg/ha) for indicated plant densities (plants/ha) and years 
39,536 49,420 59,304 69,188 Average 

~-F~1.__h~y~b_r_i_d~~~~l~9~8~l~·~-=-19,82 1981 1982 1981 1982 1981 1982 1981 1982 

Va79:419 x A619 
II 

II 

II 

II 

It 

II 

II 

.. 

II 

II 

II 

II 

II 

II 

II 

x A632 
x 873 
x H93 
x Mol7 
x Val7 
x 1160 
x Pa91 
x 1196 
x Oh78 

11 x Va85 
A619 x A632 

II 

II 

II 

II 

II 

II 

II 

II 

II 

x 873 
x H93 
x Mol7 
x Val7 
x H60 
x Pa91 
x 1196 
X Oh78 
x Va85 

A632 x 873 
II x H93 

5. 914 
6.585 
5.945 
7.136 
5.922 
6.764 
5.232 
5.824 
5.223 
6.190 
6.418 
7.245 
7.093 
7.192 
3.127 
7.794 
4.654 
5.281 
6.358 
7.039 
4.858 
6.194 
7.029 

6.760 
8.045 
6.969 
8.098 
8.355 
8.229 
7.452 
8.949 
8.437 
7.366 
8.166 
9.363 
8.958 
7.583 
8.155 
9.781 
8.355 
8.155 
9.867 
9. (JlJ 

7. 453 
7.991 
8.564 

5.908 7.521 
6.937 8.141 
6.720 8.858 
6.941 8.450 
6.479 8.917 
7.024 9.892 
5.433 7.694 
6.153 9.522 
5.831 8.870 
5.517 8.172 
6.511 9.499 
8.112 10.296 
6.768 9.724 
8.419 8.572 
5.248 9.173 
7.359 9.254 
5.312 9.271 
4.737 8.817 
6.013 10.299 
6.954 10.041 
5.741 8.327 
6.474 9.930 
6.734 9.229 

5.391 
7,051 
8.337 
7.670 
5.606 
7.578 
5.801 
7.374 
6.650 
6.717 
5.363 
8.111 
8.018 
8.155 
3.882 
7.637 
6.172 
6.361 
7.375 
7,918 
4.979 
7.532 
8.678 

8.000 
9.189 
9.131 
9.339 
9.431 

10.187 
7.908 
9.595 

10.121 
8.682 

10.052 
11. 256 
10.993 

9.732 
9.035 

11.022 
10.334 

9.290 
10. 740 

11. 713 
8.510 

10.769 
9,800 

5.631 
5.670 
6.362 
7.759 
6.594 
6.938 
4.793 
5.542 
5.053 
5.644 
4.783 
7.610 
6,355 

8.158 
9.298 

10.500 
10.307 

9.400 
9.702 
9.022 

11. 709 
10.074 

9.215 
9.219 

11.425 
11.231 

8.441 8.425 
3.441 9.726 
7. 054 11. 223 
5.748 10.642 
5.860 8.710 
5. 422 11. 478 
8.347 10.585 
4.877 9.220 
6.112 11.230 
6.739 10.784 

5. 711 
6.561 
6.841 
7.377 
6.150 
7.076 
5.315 
6.223 
5.689 
6.017 
5.769 
7.769 
7.058 
8.052 
3.923 
7.461 
5.471 
5.560 
6.292 
7.564 
5.114 
6.578 
7.295 

7.610 
8.676 
8.865 
9.048 
9.026 
9.502 
8.019 
9.944 
9.375 
8.359 
9.234 

10.585 
10.226 

8.578 
9.022 

10.320 
9.650 
8.743 

10.596 
10.338 

8.377 
9.980 
9.594 



Table 25. Continued 

F1 hybrid 

A632 x Mol7 
II 

H 

.. 
II 

II 

x Val7 
x 1160 
x Pa91 
x 1196 
x Oh7B 

11 x Va85 
873 x H93 .. 

II 

II 

II 

x Mol7 
x Val7 
x H60 
x Pa91 
x 1196 
x Oh7B 

" x Va85 
H93 x Mol7 

II 

.. 
II 

II 

x Val7 
x 1160 
x Pa91 
x 1196 
x Oh7B 
x Va85 

Mol7 x Val7 

Grai_!!_yields (Mg/ha) for indicatt'ld pl~1t densities (plants/ha) and years 
39,536 49,420 59,304 69,188 Average 

1981 1982 1981 1982 1981 1982 l9Rl 1982 1981 1982 

6.567 9.184 
5.840 10.089 
5.181 
7.255 
7.240 
7.082 
6.144 
6.339 
7.152 
7.459 
7.215 

8.628 
9.542 
8.756 
8.295 
8.668 
8.543 

10.077 
10.158 

9.678 
6.596 11.155 
7.261 8.918 
6.260 10.015 
6.989, 9.738 
7.516 8.150 
7.655 lQ.495 
6.349 8.463 
7.987 
6.471 
5.923 
6.377 

8.297 
8.896 
9.531 
9.8ll 

6.042 10.931 

6.592 10.831 
7.267 10.587 
5. 771 
7.627 
7.565 
7.406 
5.862 
6.836 
6.460 
9.209 
7.489 
7.482 
8.214 
6.763 
6.666 
7.354 
8.589 
6.858 
9.229 
6.921 
7 .114 
7.915 

10.030 
11. 232 
10.025 
10.126 

8.797 
10.251 
11.835 
11. 578 
11.682 
12.759 
10.315 
11.443 
11. 393 

9.359 
11. 630 

9.163 
11.164 
10.057 
10.016 
10.356 

7.079 12.813 

7 .154 11. 387 
6.998 12.328 
5.454 
7.580 
8.565 

10.866 
11.190 
10.390 

7.908 10.991 
6.489 9.724 
7.575 11.714 
8.608 13.027 

10.184 14.101 
9.356 12.934 
9.366 13.267 
8.701 1.0.863 
7.452 12.038 
7.830 12.201 
8.316 11.049 
8.511 11.545 
6.789 10.494 
8.270 
8.026 
6.393 
8.139 

11. 358 
11.383 
11. 075 
11.324 

7.043 12.496 

7. 499 11.855 
6.009 12.284 
5.453 
6.958 
7.651 
6.695 
6.863 
7.638 
6.289 
7.705 
7.373 
7.310 
7.205 
7.181 
6.312 
9.046 
8.141 
7 .475 
7.912 
7.741 
8.085 
7.438 

11. 231 
12.426 
11. 958 
10.946 
10.173 
10.901 
12.756 
14 .479 
14.491 
14.800 
11. 740 
13.726 
12.631 
10.640 
12.786 
11.014 
11.026 
11. 759 
12.171 
11. 755 

7. 208 13. 276 

6.953 10.814 
6.529 11.322 
5.465 
7.355 
7.755 
7 .273 
6.340 
7.097 
7.127 
8.659 
7.858 

10.189 
11. 097 
10.282 
10.089 

9.341 
10.352 
11. 924 
12.579 
12.196 

7.688 12.995 
7.845 10.459 
6. 914 11. 806 
6.949 11.491 
8.058 9.800 
8.224 11.614 
6.868 9.784 
0.350 10.461 
7.290 10.524 
6.879 10.898 
7.467 10.811 
6.843 12.379 

I-' 
0 
-...] 



Table 25. Continued 

Grain :tields (Mg/ha) for indicated Elant densities <elants/ha) and years 
39,536 49,420 591304 691188 Avera~ 

F1 hybrid 1981 1982 1981 1982 1981 1982 1981 1982 1981 1982 

Mol7 x H60 5.554 8.558 5.665 8.608 5.614 9.508 5.263 9.266 5.524 8.985 
x Pa91 5.153 11.321 5.403 12.216 6.345 12.102 5.604 13.120 5.626 12.189 
x H96 4.641 9.093 5.447 10.798 6.242 11. 466 5.082 11. 934 5.353 10.823 
x Oh7B 6.136 0. 745 5.756 10.254 8.021 11.113 6.259 11.311 6.543 10.356 

II x Va85 6.620 10.218 7.758 12.090 9. 707 12.960 8.657 14.643 8.186 12.478 
Val7 x H60 5.099 10.175 5.904 11. 573 5.557 11. 719 4 .~ 99 13.073 5.215 11.635 

II x Pa91 7.655 9.560 7.397 10. 719 6.876 10.547 8.029 12. 671 7.989 10.874 ..... 
x H96 6.096 11.llll 6.686 12.277 7.008 12.387 5. 960 13.481 6.437 12.331 0 

00 
x Oh7B 7.042 9.942 6. 831 11. 547 7. 27 9 12.236 6.415 11. 523 6.892 11.312 
x Va85 6. 747 10.240 7.057 11. 558 6.835 12.468 6.745 12.984 6.846 11.812 

1160 x Pa91 6.229 9. 971 6.720 11.156 6. 316 11.839 6.766 11.541 6.508 11.127 
x 1196 5.943 8. 575 6.257 10.628 6.851 12.146 5.804 12.355 6.214 10.926 

II x Oh7B 4.494 9.322 4.893 10.357 5.258 12.027 4.889 12.044 4.884 10.938 
x Va85 5.252 9.266 6.113 10.567 5.965 11.263 6.072 11. 765 5.851 10.715 

Pa91 x 1196 7.583 10.222 7.615 11. 920 9.362 13. 376 7.324 14.036 7 .971 12.388 
II x Oh7B 5.056 B.568 5.577 10.810 5.703 10.646 5.180 11. 571 5.379 10.399 

x Va85 6.262 10.117 6.463 11. 302 9.527 10.564 6. 717 12.257 7.242 11.060 
H96 x Oh7B 6.181 9.530 7.297 11.106 8.191 11.446 5.441 12.311 6.778 11.098 

x Va85 7.296 9.043 8.158 10.270 8.255 10.638 7.621 10.841 7.832 10.198 
Oh7B x Va85 4.946 10.899 6.827 10.859 8.560 13. 54 7 7.439 12.948 6.943 12.063 

Overall means 6.302 9.100 6.750 10.251 7.432 11.021 6.569 11. 4 82 6.740 10.464 
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x Oh7B was the lowest at 4.494. At 49,420 plants per hec-

tare, B73 x Val 7 was the highest yielding at 9. 289 Mg/ha 

while A619 x Pa91 was the lowest at 4.737. The cross B73 x 

Val 7 also had the highest yield of 10 .184 Mg/ha at 59, 304 

plants per hectare, whereas, A619 x Mol7 had the lowest at 

3.882. At the highest density of 69,188 plants per hectare 

in 1981, H93 x Mol 7 was the highest at yielding at 9. 046 

Mg/ha and A619 x Mol7 was the lowest at 3.441. 

In 1982, Mol 7 x Pa91 had the highest yield of 11. 321 

Mg/ha at 39,536 plants per hectare, whereas Va.79:419 x A619 

had the lowest at 6.760. At 49,420 plants per hectare, Mol7 

x Val7 was the highest yielding at 12.813 Mg/ha and 

Va.79:419 x A619 was the lowest yielding at 7.521. The hy-

brid B73 x Val 7 had the highest yield of 14. 101 Mg/ha at 

59,304 plants per hectare in 1982, whereas Va.79:419 x H60 

had the lowest at 7.908. At 69,188 plants per hectare in 

1982, B73 x Pa9 l was the highest yielding at 14. 800 Mg/ha 

and Va.79:419 x A619 the lowest at 8.158. Averaging over 

all densities in 1981, the hybrid B73 x Val7 was the highest 

yielding at 8.659 Mgjha, whereas A619 x Mo17 was the lowest 

at 3. 923. For 1982 the hybrid B73 x Pa91 had the highest 

yield of 12.995 Mg/ha and Va.79:419 x A619 had the lowest 

yield at 7.610. 
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The mean grain yields of the eleven crosses for each of 

the twelve inbred lines at each of the four densities in 

1981 and 1982 are given in Table 26. In 1981, the line H93 

had the highest mean grain yield in hybrid combinations at 

39,536, 49,420 and 69,188 plants per hectare with values of 

6.907, 7.537, and 7.856 Mgjha, respectively. At 59,304 

plants per hectare in 1981, B73 had the highest mean grain 

yield in hybrid combinations with a value of 8.451 megagrarns 

per hectare. The line H60 had the lowest mean yield in hy-

brid combinations at all four densities in 1981 with values 

of 5.564, 6.038, 6.285, and 5.812 Mgjha. 

In 1982, the line Val 7 had the highest mean yield in 

hybrid combinations at 39,536 and 49,420 plants per hectare 

with values of 10.071 Mg/ha and 11.221 Mgjha, respectively 

(Table 26). At 59,536 and 69,188 plants per hectare B73 had 

the highest mean yield in hybrid combinations with values of 

11.913 and 12.590 Mgjha, respectively. The line Va.79:419 

had the lowest mean yield in hybrid combinations at all four 

densities in 1982 with values of 7.893, 8.688, 9.240, and 

9.691 Mgjha. 

When averaged over all four densities in 1981, the line 

H93 had the highest mean grain yield or average combining 

ability with a value of 7.542 Mgjha, whereas H60, with a va-

lue of 5.925 Mg/ha, had the lowest. Similarly for 1982, the 



Table 26. Mean grain yield for each of the inbred lines of a 12-parent diallel when crossed to the 
other 11 inbreds (F1 single-cross hybrids) grown at four plant densities in 1981 and 1982. 

Mean 9rain lield (H9/ha) for indicated elant densities <elants/ha) and lears 
39,536 49,420 59,304 69, 108 Average 

Inbred line 1981 1982 1981 1982 1981 1982 1981 1982 1981 1982 

Va79:419 6.105 7.893 6. 314 8.688 6.685 9.240 5.000 9.691 6.248 0. 010 

A619 6.050 8.495 6 .415 9.209 6.727 10.057 6.253 10.075 6.362 9.459 

A632 6.578 8.830 6.941 9.932 7 .411 10.717 6.660 11.237 6 .898. 10.179 

B73 6. 773 9.291 7.196 10.888 8.451 11. 913 6.895 12.590 7.329 11.171 I-' 
I-' 
I-' 

H93 6.907 8.766 7.537 9.841 7.866 10.874 7.856 11. 052 7.542 10.133 

Mol7 5.857 9.344 6.295 10.627 6.958 11. 234 6.449 11. 630 6.390 10.709 

Val7 6.745 10. 071 7.317 11.221 7.591 11. 912 6. 773 12.498 7.107 11.426 

1160 5.564 8.949 6.038 10.066 6.285 11. 003 5.812 11.495 5.925 10.378 

Pa91 6.444 9.623 6.764 11. 056 7.735 11. 252 6.655 12.170 6.900 11.025 

1196 6.390 9.320 6.909 10.597 7.748 11. 360 6.391 11.997 6.860 10.819 

Oh7B 6.032 9.202 6.449 10.430 7. 210 11. 483 6.507 11. 668 6.552 10.696 

Va85 6.174 9.420 6.825 10.456 7.423 11. 205 6.684 11.676 6.777 10.689 
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line Val7 had the highest mean yield of 11.426 Mg/ha in hy-

brid combinations and Va.79:419 the lowest at 8.878 Mg/ha. 

Estimates of GCA effects for grain yield for each of 

the twelve inbred lines and SCA effects for the 66 F 1 cross-

es for 1981 and 1982 are presented in Tables 27 and 28, re-

spectively. Additionally, estimates of the SCA variances 

for each of these lines for yield in both years are present-

ed. The line H93 with a positive GCA effect of 0.88, had 

the highest general combining ability for grain yield in 

1981 (Table 27). H93's SCA variance of 0.13 was also rela-

tively low given its high GCA for yield. 

that H93 tended to uniformly transmit its 

This suggests 

high yielding 

ability to its F 1 crosses. The significant negative GCA ef-

fect of -0.90 for H60 indicates that this line had very low 

or poor general combining ability for yield. 

The SCA effect value of -1.17 for B73 x H93 in 1981 in-

dicates that this cross performed poorer than expected based 

on the average performance of the parents. The cross A632 x 

B73 also had a negative SCA effect of -0.98 indicating that 

this cross also had a lower yield than expected based on the 

average performance of the parents. The cross A619 x A632 

had a significant positive SCA effect of 1. 27 indicating 

that this cross yielded better than expected based on the 

average peformance of the parents. 



'l'able 27. Estimates from a 12-parent diallel cross of GCA effects, SCA effects, and SCA variances for grain yield averaged over four plant densjties in 1981. 

SCA effects GCA SCA 
Va.79:419 A619 A632 B73 H93 Mol7 va17 1160 Pa91 1196 Oh71l Va85 effects variance 

va.79:419 -0.07 0.19 -0.0l 0.30 0.34 0.47 0.01 -0.15 -0.64 0.03 -0.47 -0.54 -0.16 

A619 l. 27 0.09 0. 85 -2.01 0.73 0.04 -0.94 -0.16 1. 45 -1.25 -0.42 0.88 

A632 -0.98 -0.50 o. 43 -0.79 -0.55 0.27 0.71 0.57 -0.61 0.17 0.25 

B73 -1.17 0.13 0.87 1. 37 0.13 0.33 -0.27 -0.48 0.65 0.27 

1193 0.82 0.20 0.14 0.55 -0.46 -0.53 -0.19 0.88 0.13 

Mol7 0.09 0.07 -0.90 -1 .13 0.40 l. 79 -0.39 0.78 I-' 
I-' 
w 

Val7 -1. 03 0.67 -0.84 -0.04 -0.34 0.40 0.18 

1160 0. 49 0.24 -0.76 -0.03 -0.90 0.14 

Pa91 0.92 -1.33 0.29 0. l"/ 0.28 

1196 0.11 0.92 0.13 0.23 

Oh7B 0.37 -0.21 0.27 

Va85 0.04 0.41 

S.E. (GCA effect) 0.17 
S.E. (SCA effect) 0.50 



Table 28. Estimates from a 12-parent diallel cross of GCA effects, SCA effects, and SCA variances for grain yield 
averaged over four plant dtonsities in 1982. 

SCA effects 
Va.79:419 A619 A632 D73 1193 Mol7 Val? 1160 

Va.79:419 0.00 0.27 -0.63 0.69 0.04 -0.28 -0.61 

A619 1. 54 0.09 -0.42 -0.61 -0.10 0.39 

A632 -0.95 -0.19 0.39 0.11 0.13 

B73 -0.53 0.41 0.28 1. 05 

1193 -0.57 0.46 -0.22 

Mol7 0.59 -1.65 

Val7 0.21 

1160 

Pa91 

1196 

Oh7B 

vaB5 

Pa91 1196 

0.61 0.27 

-1. 23 0.85 

0.33 -0.26 

1.14 -l.17 

-0.26 0.03 

0.84 -0.30 

-1.27 0.42 

0.14 0.17 

o. 92 

GCA SCA 
Oh7B Va85 effects variance 

-0.62 0.27 -1. 74 

0.72 -1.23 -1.11 

-0.32 -1.06 -0.31 

0.31 o.oo 0. 78 

0.54 0.46 -0.36 

-0.63 l. 50 0.27 

-0.47 0.04 1.06 

0.31 0.10 -0.09 

-0.94 -0.27 0.62 

-0.0l -0.90 0.39 

1.10 0.26 

0.25 

S.E. (GCA effect) 0.14 
S.E. (SCA effect) 0.43 

0.03 

0.53 

0.30 

0.37 

0.01 

0.55 

0.08 

0.26 

0.54 

0.22 

0.22 

0.53 



115 

Inbred line Val7, with a positive GCA effect of 1.06, 

had the highest GCA for yield in 1982 (Table 28). The cor-

responding SCA variance of 0.08 for Val7 indicates that this 

line also tends to uniformly transmit its high yielding ca-

pacity to its F 1 crosses. The line Va.79:419, with a nega-

tive GCA effect of -1.74, had the lowest or poorest GCA for 

yield. 

As in 1981, the crosses A632 x B73 and B73 x H93 had 

negative SCA effects of -0.95 and -0.53, respectively. How-

ever, in 1982 A632 and H93 had significant negative GCA ef-

fects of -0.31 and -0.36, respectively, indicating that they 

did not have a high overall performance in the more favora-

ble environment of 1982. The cross A619 x A632 again had a 

positive SCA effect of 1. 54 indicating that this cross 

yielded better than expected based on the average perfor-

mance of the parent lines. 

It is of general interest to note that in both years, 

the hybrids A619 x A632, A632 x Mol 7, B73 x Mol 7, B73 x 

Pa91, B73 x H60, and H93 x Mol7 tended to have positive SCA 

effects for yield indicating a high level of performance. 

These hybrids or their closely related versions except for 

B73 x H60 are or have been major commercial hybrids produced 

and marketed in areas using 105-120 day relative maturity 

hybrids. The hybrid A619 x A632 was marketed extensively in 
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the northern Corn Belt and several improved versions of this 

hybrid are currently very popular. The hybrids B73 x Mo17 

and B73 x Pa91 are still widely produced and marketed 

throughout the United States. 

The combined analysis of variance over two years for 

grain yield is presented in Table 29. Differences among 

years, hybrids, and densities were highly significant. The 

mean squares for GCA and SCA were also highly significant. 

The hybrid by year interactions were highly signifi-

cant. This indicates that grain yields among the hybrids 

were different for the two years. A highly significant den-

sity by year interaction indicates that yield levels at each 

density were not consistent for the two years. The hybrid 

by density interaction was also highly signficant, indicat-

ing that hybrids did not peform consistently across densi-

ties. A significant hybrid by density by year interaction 

implies that hybrids did not perform consistently across 

densities over the two years. 

Mean grain yields over the two years for the 66 F 1 hy-

brids at each of the four densities are presented in Table 

30. The experimental mean yield over two years and all four 

densities was 8. 602 Mg/ha. The hybrid H93 x Val 7 had the 

highest mean grain yield of 9. 075 Mg/ha over two years at 

39,536 plants per hectare while the hybrid A619 x Mo17 was 



•rable 29. Source of variation, mean squares, and expected mean squares foi: grain yield combined 
over two-years. 

Source of Exeected mean s:;iuares 
variation df Mean s~uare Model I Model II 

Years l 5488. 9343** 

Rep (Year) 4 11.0592 

Hybrids 65 20.8387** 2 2 + 24+u 2 2 2 
03 + 4ol 03 + 401 + 24011 

11 76. 2106** 2 2 240 2 2 2 2 GCA 03 + 401 + 11·"'cc11 03 + 401 + 24oSCA +240oGCA 

54 9.5593** 2 2 48 2 2 2 SCA 0:1 + 401 + 10e•scA 03 + 401 + 24oSCA 

Hybrid x Year 65 9.3341** 2 2 
+ 12 +HxY 

2 2 2 
03 + 401 03 + 401 + 12oHxY 

Error (1) 260 3.1671 2 2 2 2 
03 + 401 03 + 4ol 

Density 3 176.4274** 2 + 2 396+0 2 2 396oD 03 6602 + 03 + 6602 + 

Density x Year 3 76. 603P* 2 2 
198.j>DxY 

2 2 2 
03 + 6602 + 03 + 6602 + 198oDxY 

Error (2) 12 4.0555 2 2 2 2 
03 + 6602 03 + 6602 

Hybrid x Density 195 0.9583** 2 
+ 6+11xD 

2 2 
03 03 + 60uxo 

Hybrid x Density x Year 195 0.8722* 2 + 3+uxDxY 
2 2 o· 03 + 30HxDxY 3 

Error (3) 780 0.6976 2 2 
03 03 

c.v. 9. 7100 
---------·-----

*,** Significant at the .05 and .01 probability levels, respectively for Model I. 

..... ..... 
.....i 



Table 30. Mean grain yield for 66 F1 single-cross hybrids (12-parent diallel) grown 
at four plant densities for two years (1981 and 1982). 

M43an grain yield (M9/lia) for indicated 121ant densities {12lants,Lha) 
F1 hybrid 39,536 49,420 59,304 69,188 Average 

va.79:419 x A619 6.317 6. 715 6.696 6.895 6.660 .. .. x A632 7. 315 7.554 8.120 7.484 7.618 .. x B73 6. 457 7.789 8.734 8.431 7.853 
x H93 7. 617 7.695 8.504 9.033 8.212 
x Mol7 7.139 7.698 7.519 7.997 7.588 

II x Val7 7. 497 8.458 8.882 8.320 8.289 
II x H60 6. 342 6.564 6.854 6.907 6.667 .. x Pa91 7.386 7.838 8.484 8.625 8.083 

x H96 6.830 7.351 8.386 7.563 7.532 I-' .. II x Oh7D 6.778 6.845 7.429 I-' 7.700 7.188 co .. x Va85 7.292 8.005 7.708 7.001 7.501 
A619 x A632 8.304 9.204 9.684 9.517 9.177 .. x B73 8.025 8.246 9.505 8.793 8.642 

II x H93 7.388 8.496 8.944 0 .433 8.315 
x Mol7 5.641 7.211 6.459 6.583 6 .473 
x Val7 8.788 B.307 9.330 9.139 0. 091 .. x H60 6.504 7.291 8.253 8.195 7.561 .. x Pa91 6. 718 6. 777 7.826 7.285 7.151 .. x 1196 B.113 8.156 9.057 B.450 8.444 
x Oh7B B.026 B.497 9.816 9.466 B.951 
x·Va85 6.156 7.034 6.745 7.048 6. 746 

A632 x B73 7.093 8.202 9.150 8.671 e. 219 
x H93 7.797 7.981 9.239 B.762 8.445 



Table 30. Continued 

Mean 9rain yield (M9/ha) for indicated elant densities {Elants/ha) 
Pi' hybrid 39,536 49,420 59,304 69,188 Average 

A632 x Mal? 7.875 8. 712 9. 270 9.677 8.883 .. x Val? 7.964 8.927 9.663 9.147 8.925 .. x 1160 6.904 7.900 8.160 8.342 7.827 
x Pa91 8.398 9.429 9.385 9.692 9.226 .. x H96 7.998 8.795 9.478 9.805 9.019 

II x Oh7B 7.689 8.766 9.449 8.820 8.681 .. x Va85 7.406 7 .330 8.107 8.518 7.840 
873 x H93 7.441 8.544 9.645 9.269 8. 725 .. x Mol7 8.614 9.147 10.817 9.523 9.525 ...... 

x Val7 8.808 10.434 12.142 11. 092 10.619 ...... 
l.O 

x H60 8.447 9.586 11.145 10.932 10.027 .. x Pa91 8.876 10.120 11.317 11. 055 10.342 .. x 1196 8.090 9.264 9.782 9.473 9.152 

" x Oh7B 8.137 9.103 9.745 10.454 9.360 .. x Va85 8.363 9.030 10.016 9.471 9.220 
1193 x Mol7 7.833 8.357 9.683 9.843 8.929 

x Val7 9.075 10.110 10.028 10.463 9.919 
x H60 7.406 8.011 8.642 9.245 8.326 
x Pa91 8.142 10.197 9.814 9.469 9.405 .. x 1196 7.684 8.489 9.704 9.750 8.907 .. x Oh7B 7. 727 8.565 9 .134 10.128 8.888 

II x Va85 8.094 9 .136 9.732 9.596 9 ,139 
Mol7 x Val7 8.486 9.946 9.770 10.242 9.611 

II x 1160 7.056 7 .136 7.561 7.265 7.254 



Table 30. continued 

Mean grain yield (Ms/ha) for indicated elant densities (El ants/ha~ 
F I hybrid 39,536 49,420 59,304 69,188 Average 

Mol7 x Pa91 8.237 8.809 9.224 9.362 8.908 

x H96 6.867 8.123 8.854 8.508 8.088 

" x Oh7B 7.440 8.005 9.567 8.785 8.449 

" x Va85 8.419 9.924 11. 334 11.650 10. 332 

Val7 x H60 7.637 8. 739 8.638 8.686 8.425 

" x Pa91 8.608 9.058 9.712 10.350 9.432 .. x H96 8.638 9.482 9.698 9. 720 9.384 

" x Oh7D 8.492 9.189 9.758 8.969 9.102 ..... 
N 

x Va85 8.493 9.308 9.651 9.865 9.329 0 

H60 x Pa91 8.100 B.938 9.078 9.154 8.817 
.. x 1196 7.259 8.443 9.499 9.080 8.570 
.. x Oh7B 6.908 7.625 8.643 8.467 7. 911 

x Va85 7.259 e. 340 B.614 8.918 8.283 

Pa91 x H96 0.903 9.767 11. 369 10.680 10.180 
II x Oh7B 6.812 8.194 8.175 8.376 7.889 
II x Va85 8.190 8.882 10.045 9.487 9.151 

1196 x Oh7B 7.856 9.202 9.818 8.876 8.938 

" x Va85 8.169 9.214 9.446 9. 231 9.015 
Oh7B x Va85 7.923 B.843 11.054 10.193 9.503 

Overall Means 7.701 8.500 9.181 9.025 B.602 
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the lowest at 5.641 Mg/ha. At 49,420 plants per hectare, 

B73 x Val 7 had the highest mean yield of 10. 434 Mg/ha and 

Va.79:419 x H60 the lowest at 6.564 Mg/ha. At 59,304 plants 

per hectare, B73 x Val7 again had the highest mean yield of 

12.142 Mg/ha while Va79:419 x A619 had the lowest at 6.696 

Mg/ha. The cross Mol7 x Va85 had the highest mean yield of 

11. 650 Mg/ha at 69, 188 plants per hectare and A619 x Mol 7 

the lowest at 6.583. Over all densities, the hybrid B73 x 

Val7 had the highest overall mean grain yield of 10.619 Mg/ 

ha for the two years and the cross A619 x Mol7 had the low-

est at 6.473 Mg/ha. 

The mean grain yields of the eleven crosses for each of 

the twelve inbred lines over two years at each of the four 

densities are given in Table 31. At 39,536 and 49,420 

plants per hectare, Val7 combiriations had the highest mean 

grain yield with values of 8. 408 and 9. 269 Mg/ha, respec-

tively. At 59,304 and 69,188 plants per hectare, the B73 

combinations had the highest mean grain yield with values of 

10.182 and 9.743, respectively. The line Va.79:419 had the 

lowest yield in hybrid combinations with values of 6. 999, 

7.501, 7.963, and 7.790 Mg/ha, respectively. When averaged 

over all densities, Val7 and B73 had nearly identical yield 

performance in hybrid combinations with values of 9.266 and 

9.250 Mg/ha, respectively. The line Va.79:419 had the low-

est at 7.563. 



Table 31. . Mean grain yields for each of the inbred lines of a 12-parent diallel when 
crossed with the other 11 inbreds and gro1m at four plant densities in 1981 
and 1982 

Inbred line 

Va79:419 

A619 

A632 

B73 

H93 

Mol7 

Val7 

H60 

Pa91 

H96 

Oh7B 

Va85 

Mean grain yield value in Mg/ha for indicated plant density (plants/ha) 
39,536 49,420 59,304 69;188 Avera~ 

6.999 

7.273 

7.704 

8.032 

7.837 

7.601 

8.408 

7.257 

8.034 

7.855 

7. 617 

7.797 

7.501 

7.813 

8.437 

9.042 

8.689 

8.461 

9.269 

8.052 

8.910 

8.753 

8.440 

8.641 

7.963 

8.392 

9.064 

10.182 

9.370 

9.096 

9. 7 52 

8.644 

9.494 

9.554 

9.351 

9.314 

7.790 

8.164 

8.949 

9.743 

9.454 

9.040 

9.636 

8.654 

9 .413 

9.194 

9.088 

9.180 

7.563 

7. 911 

8.539 

9.250 

8.838 

8.550 

9.266 

8.152 

8.963 

8.840 

8.624 

8. 733 

..... 
N 
N 
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Estimates of GCA effects for grain yield over two years 

for each of the twelve inbred lines and SCA effects for the 

66 Fi crosses are presented in Table 32. The SCA variance 

associated with each of the twelve lines is also given in 

this table. The lines B73 and Va17 had positive and nearly 

identical GCA effects of 0.71 and 0.73, respectively. How-

ever, Va17 had a lower SCA variance of 0.00 as compared to a 

value of 0. 31 for B73 indicating that Val 7 tended to more 

uniformly transmit its high yielding ability to its Fi 

crosses than did B73. 

The crosses A632 x B73, A632 x H93, and B73 x H93 had 

negative SCA effects of -0.97, -0.35, and -0.85, respective-

ly indicating that these hybrids had lower grain yield than 

expected based on the average performance of their parents. 

The cross A619 x A632 had a positive SCA effect of 1.41, in-

dicating that this cross had a higher yield than expected 

based on the average performance of the parents. 

A correlation coefficient of . 31 for yield over all 

densities and years with rind puncture over all densities, 

dates, and years for the 66 Fi hybrids was significant at 

the . 05 probability level. Al though this value does not 

suggest a strong association between these traits, it does 

seem to indicate that those hybrids with high grain yield 

tended to have high rind strength and that one may be able 



Ta~le 32. Estimates from a 12-parent diallel cross of CCA effects, SCA effects, and SCA variances for grain 
yield averaged over four plaut densities in 1981 and 1902. 

SCA effects GCA SCA 
Va.79:419 A619 A632 B73 1193 Mol7 Val7 !!60 Pa91 1196 Oh7B Va BS effects variance ----

Va. 79:419 -0.04 0.23 -0.32 0.49 0.19 0.10 -0.30 0.23 -0.19 -0.30 -0.10 -1.14 -0.05 

A619 1.41 0.09 0.22 -l.31 0.32 0.22 -1. 09 0.34 l.09 -1.24 -0.76 0.67 

A632 -0. 97 -0. 35 0. 41 -0.34 -0.21 0.30 0.23 0.13 -0.84 -0.07 0.31 

B73 -0.85 0.27 0.57 1. 21 0.63 -0.42 0.02 -0.24 o. 71 0.31 

1193 0.13 0.33 -0.04 0.15 -0.21 o.oo 0.13 0.26 0.02 

Mol7 0.34 -0.79 -0.03 -o. 77 -0.12 1. 64 -0.06 0.48 

Val? -0.41 -0. 30 -0.21 -0.25 -0.15 o. 73 o.oo 

H60 o. 31 0.20 -0.22 0.03 -0.50 0.14 

Pa91 0.92 -1.13 0.01 0.40 0.29 

1196 0.05 0.01 0.26 0.07 

Oh7B 0.73 0.02 0.20 

Va85 0.14 0.44 

S.E. (GCA effect) 0.11 
S.E. (SCA effect) o. 33 

I-' 
N 
.I':>. 
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to select successfully for both simultaneously. Some exam-

ples of this might be A619 x A632 with an overall yield of 

9.177 Mg/ha and a rind puncture of 8.10 kg, B73 x Mol7, with 

values of 9.525 Mg/ha and 9.29 kg, and B73 x Val7 with va-

lues of 10. 619 Mg/ha and 9. 53 kilograms. Davis and Crane 

(1976) found that selection for increased rind thickness re-

sulted in decreased grain yields. Zuber ( 1973) indicated 

that selection for increased crushing strength had no con-

sistent effect on grain yield. Clearly, the relationship 

between stalk quality traits and grain yield is dependent 

upon genotype by environmental interactions. Therefore, 

data of this nature should be interpreted as information 

unique to the given set of experimental and environmental 

conditions. 

Variance components estimates for GCA,, SCA, and error 

and narrow-sense heritability estimates for rind strength, 

percent erect plants, stalk pinch values, and grain yield 

are given in Table 33. It is of general interest to have 

some knowledge of the relative heritabilities of these 

traits in elite maize if a random effects model is assumed 

for the analysis of these experimental data. As noted in 

the table, heritability values should be regarded as upper 

limits for these traits because the variance component for 

GCA contains components due to GCA by environment interac-



•rable 33. Variance components estimates for GCA, SCA, and error and narrow-sense 
heritability estimates for four traits of a diallel cross of twelve inbred 
lines of maize. 

Year GCA SCA Error(l) h2 t 
-.!!11. s. -

1981 Rind 0.5323 ±. 0.2194 0.2129 + 0.0508 3.331 • '15 + o. 31 

1982 Rind 0.4483 + 0.1832 0 .14 84 + 0.0354 2.4682 .78 + 0.32 

'I'wo-year Rind 0.4652 + 0.1877 0.1070 - + 0.0251 2.8996 .es + 0. 34 
....... 

1981 Percent erect 63.6109 + 27.8327 55.8587 ±. 13.7534 403.8077 .59 + 0.26 l:V - O'\ 

1982 Stalk pinch 0.1627 -~ 0.0676 0.0820 ±. o. 01 e o 0.2589 .76 + 0.32 

1981 Yield 0.1996 ±. 0.1041 0.5274 ±. 0.1213 3.6599 .32 + 0.17 

1982 Yield 0.5768 ±. 0.2484 0.4722 + 0.1059 2.6743 • l> 2 + 0.27 

Two-year Yield 0. 2777 ±. 0.1248 0.3333 + 0.0753 3.1671 • 54 + 0.24 

tNarrow-sense heritability (hi\ 5 ) estimates are calculated on an entry-mean basis and 
should be regarded as upper llmlt values for these traits. 
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tions thereby producing an inflated or biased component. 

Thus, the variance component for GCA contains more than that 

portion of total genetic variation due to strictly additive 

genetic variation. Strictly additive genetic variation as a 

proportion of the total phenotypic variation is narrow-sense 

heritability by definition. 

From Table 33 it can be seen that the GCA variance com-

ponent for rind strength of 0.5323 and 0.4483 for 1981 and 

1982, respectively was of a relatively greater magnitude 

than the corresponding SCA variance components of 0.2129 and 

0.1484. This is not unexpected given that it is unlikey 

that all of these twelve inbred lines were selected for rind 

strength per se during their development. The upper lirni t 

heritability values for rind strength in both years are .75 

and .78, indicating that rind strength in this population is 

highly heritable and that significant amounts of additive 

genetic variation exist for this trait. 

The GCA component estimate of 0.4652 for rind strength 

combined over two years is again of a relatively larger mag-

nitude than the SCA component of 0.1070. The error compo-

nent of 2. 8996 is relatively larger than both the GCA and 

SCA components. An additional environmental bias due to 

years also exists. The upper limit, narrow-sense heritabil-

ity value of .85 for rind strength combined over years is 



128 

higher than either the 1981 or 1982 value and may reflect 

some of this additional bias. 

The GCA variance component for percent erect plants in 

1981 of 63.6109 is not of a much greater magnitude than that 

for SCA of 55.8587. In fact, much of the total variation is 

due to the error variance component of 403. 8077. Conse-

quently, the upper limit narow-sense heritability of .59 for 

this trait is intermediate at best and seemingly greatly in-

fluenced by environment. It is generally believed that 

stalk lodging is greatly influenced by environmental stress-

es present during the growing season. The substantial am-

ount of lodging during the more stressful 1981 season com-

pared to the lack of lodging during the relatively stress 

free season of 1982 is supportive of this concept. 

The GCA variance component estimate of 0.1627 for stalk 

pinch values in 1982 was nearly twice the magnitude of the 

SCA component estimate of 0. 082. Additionally, the error 

variance of 0.2589 was nearly twice as large as the GCA var-

iance. The upper limit, narrow-sense heritability of .76 is 

relatively high and probably also somewhat influenced by en-

vironment. 

The GCA variance component of 0.1996 for yield in 1981 

was considerably lower than the SCA variance of 0.5274 and 

the corresponding error variance of 3.6599 was larger than 
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either the GCA or SCA components. The upper limit narrow-

sense heritability for yield in 1981 of . 32 indicates that 

yield is not highly heritable and little additive genetic 

variance is present for this trait in this diallel cross. 

This is not unexpected because yield per ~ is not generally 

regarded as a highly heritable trait. In 1982, the GCA var-

iance component for yield of 0.5768 was somewhat larger than 

the SCA variance of 0. 4722, while the error variance of 

2.6743 was the largest. The heritability of this trait in 

1982 of .62 is higher than in 1981. This demonstrates the 

effect of years or different environments on variance compo-

nents and heritability values. From this it should be noted 

that all heritability values.are unique to the given set of 

experimental material evaluated under a given environment. 

The GCA component for yield combined over two years of 

0.2777 is less than the SCA component of 0.3333, whereas the 

error variance component of 3.1671 is larger than either the 

GCA or SCA component. The upper limit, narrow-sense herit-

ability of .54 is intermediate and approximately midway bet-

ween the values for 1981 and 1982. This two-year heritabil-

ity is higher than one might expect and may also reflect 

some additional bias due to years. Certainly one can see 

that years has had an effect on the heritabilities for yield 

as well as rind strength. 
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Yield Performance Trial 

Analysis of variance for rind strength from the random-

ized complete block design for 1982 is presented in Table 

34. Differences among hybrids and dates were highly signi-

ficant. Mean squares for GCA and SCA were also highly sign-

ficant. The hybrid by date interaction was not signficant 

for rind puncture. This indicates that hybrids tended to 

perform consistently over dates. 

Mean rind puncture values for the 66 F 1 hybrids at two 

dates of measurement grown at 59,304 plants per hectare in 

1982 are presented in Table 35. The experimental mean over 

-all hybrids for the first date of measurement was 8.75 kilo-

grams. Similarly, the experimental mean for the second date 

of measurement was 9. 46 kilograms and for both dates was 

9 .11. From these values it is evident that rind strength 

tended to increase from date 1 to date 2. This may be due 

to an increase in lignification of the rind tissue following 

silking. 

The hybrid H93 x Mo17 had the highest rind puncture va-

lue of 10.77 kg at the first date; whereas A619 x Va85 and 

H96 x Va85 had the lowest rind puncture values of 7.05 kg at 

this date. At the second date of measurement, the hybrid 

A632 x Mo17 had the highest rind puncture value of 11.87 kg 

and A619 x Va85 had the lowest value of 7.08. Averaged over 



Table 34. Source of variation, mean squares, and expected mean squares from analysis 
of variance of an RCB design for rind puncture in 1982. 

Source of Expected mean squares 
variation df Mean square Model I Model II 

Dates 1 50.2045** 

Rep (Date) 4 5.6775 

Hybrids 65 4.8192** 2 + 6<j>H 
2 2 a a + 6oH 

GCA 11 22.0213** 2 60 2 2 2 a + ll<l>GCA a + 60SCA+ 60oSCA 

SCA 54 1. 3155** 2 12 2 2 a + io0<l>scA a + 60SCA 

Date x Hybrid 65 0.7050 2 
+ J<j>DxH 

2 2 a a + 30DxH 

Error 260 0.6091 2 2 a a 

c.v. 8.5714 

*,**Significant at the .05 and .01 probability levels, respectively for Model I. 

I-' 
w 
I-' 
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Table 35. Mean rind puncture values in kg for 66 F1 
single cross hybrids (12-parent diallel) 
measured at two dates (mid-silk date and 2 to 
3 weeks later) in 1982. 

F1 hybrid Date 1 Date 2 Average 

va.79:419 x A619 9.44 8.99 9.22 

11 II x A632 9.20 9.57 9.38 

II II x B73 9.32 9.35 9.34 

II II x H93 9.59 10.93 10.26 

II II x Mol7 9.62 10.71 10.17 

11 II x Val7 9.69 9.90 9.79 

II 11 x H60 8.35 8.02 8.19 

II II x Pa91 8.68 9.65 9.17 

II II x H96 7.90 9.32 8.61 

II II x Oh7B 8.87 9.96 9.42 

II II x Va85 8.59 7.84 8.22 

A619 x A632 9.02 9.08 9.05 

II x B73 8.69 9.62 9.16 

II x H93 8.99 10.59 9.79 

II x Mol7 9.56 9.50 9.53 

II x Val? 9.84 9.47 9.66 

II x H60 7.69 8.90 8.30 
II x Pa91 7.72 8.84 8.28 

II x H96 7.59 8.81 8.20 

II x Oh7B 8.14 9.17 8.66 

II x Va85 7.05 7.08 7.07 
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Table 35. Continued 

F, hybrid Date 1 Date 2 Average 

A632 x B73 8.14 9.26 8.70 

II x H93 10.41 9.99 10.20 

II x Mol7 10.63 11. 87 11.25 

II x Val7 9.53 9.72 9.63 

II x H60 7.99 9.51 8.75 

" x Pa91 8.51 9.35 8.93 

II x H96 7.50 7.99 7.75 

II x Oh7B 9.59 8.84 9.22 

II x Va85 9.05 8.26 8.66 

B73 x H93 9.02 11.08 10.05 

II x Mol7 9.56 10.68 10.12 

II x Val7 10.20 10.83 10.52 

II x H60 9.26 9.90 9.58 

II x Pa91 8.78 9.99 9.38 

II x H96 7.87 8.81 8.34 

II x Oh7B 9.14 11.59 10.37 

II x Va85 7.17 7.75 7.46 

H93 x Mol7 10.77 11.77 11.27 

II x Val7 10.17 10.75 10.46 

II x H60 8.93 10.23 9.58 

II x Pa91 9.17 9.41 9.29 

fl x H96 7.87 8.84 8.35 

II x Oh7B 9.02 10.62 9.82 
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Table 35. Continued 

F1 hybrid Date 1 Date 2 Average 

H93 x Va85 8.32 8.84 8.58 

Mol7 x Val? 10.08 9.99 10.03 

II x H60 8.02 9.02 8.52 

II x Pa91 10.11 10.38 10.25 

II x H96 8.02 8.96 8.49 

II x Oh7B 9.66 10.50 10.08 

II x Va85 8.32 8.78 8.55 

Val7 x H60 9.17 10.02 9.59 

II x Pa91 8.96 8.41 8.69 

II x H96 8.84 9.96 9.40 

II x Oh7B 9.47 10.35 9.91 

II x Va85 7.93 8.35 8.14 

H60 x Pa91 8.11 8.69 8.40 

II x H96 8.50 8.81 8.66 

" x Oh7B 8.42 9.99 9.20 

II x Va85 7.59 8.44 8.02 

Pa91 x H96 7.69 8.54 8.11 

II x Oh7B 8.11 9.72 8.92 

II x Va85 7.51 8.56 8.04 

g96 x Oh7B 7.90 9.41 8.66 

" x Va85 7.05 8.08 7.57 

Oh7B x Va85 7.78 8.29 8.04 

Overall Means 8.75 9.46 9.11 
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both dates, the hybrid H93 x Mo17 had the highest mean rind 

puncture value of 11. 27 kg and A619 x Va85 had the lowest 

value of 7.07 kg. 

It is of interest to note that the hybrid H93 x Mol7, 

which had the highest overall mean rind puncture value of 

11. 27 kg for the yield trial experiment grown at 59, 304 

plants per hectare in 1982, also had the highest mean rind 

puncture value of 11.76 kg at this same density in 1982 in 

the planting density experiment discussed previously. The 

correlation coefficient between rind puncture values at 

59,304 plants per hectare in the planting density experiment 

for 1982 and those from the yield trial was a highly signi-

ficant .845. 

The mean rind puncture values for the eleven crosses of 

each inbred line at each of the two dates of measurement for 

1982 are given in Table 36. The line Mo17 had the highest 

mean rind puncture value of 9.49 kg in hybrid combinations 

at date 1 while Va85 had the lowest at 7.85. At date 2 the 

line H93 had the highest mean rind puncture value of 10.28 

kg, while Va85 again had the lowest at 8.21 kg. 

Estimates of GCA effects for rind puncture for each of 

the twelve inbred lines and SCA effects for the 66 F 1 hy-

brids for 1982 are presented in Table 37. The SCA variance 

for each of these lines is also presented in this same ta-
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Table 36. Mean rind puncture values in kg measured at 
two dates (midsilk and 2-3 weeks later) for 
each of the inbred lines of a 12-parent dial-
lel when crossed with the other 11 inbreds 
and grown at a population density of 59,304 
plants/ha in 1982. 

Inbred 
line Date 1 Date 2 Averasi:e 

va.79:419 9.02 9.48 9.25 

A619 8.52 9.10 8.81 

A632 9.05 9.40 9.23 

B73 8.83 9.90 9.37 

H93 9.30 10.28 9. 79 

Mol7 9.49 10.20 9.85 

Val7 9.44 9.80 9.62 

H60 8 .37 9.23 8.80 

Pa91 8 .49 9.23 8.86 

H96 7.88 8.87 8.38 

Oh7B 8.74 9.86 9.30 

Va85 7.85 8.21 8.03 



'fable 37. Estimates from a 12-parent diallel cross of GCA effects, SCA effects, and SCA variances for rind 
puncture values averaged over two dates of measurement uhen grown at 59,304 plants per hectare in 1982. 

SCA effects GCA SCA 
va.79:419 A619 A632 B73 H93 Mol7 Val7 1160 Pa9l 1196 Oh7B Va85 effects variance 

va.79:419 0.28 -0.02 -0.21 0.24 0.09 -0.04 -0.74 0.17 0.29 -0.06 -0.01 0.16 -0.01 

A619 O.lJ 0.09 0.26 -0.06 0.31 -0.15 -0.23 0.37 -0.33 -0.68 -0.33 -0.07 

A632 -0.82 0.21 l. 20 -0 .18 -0 .15 -0.04 -0.55 -0. 24 0.45 0.13 0.19 

B73 -0.09 -0.00 0.56 0.53 0.26 -0.10 0.76 -0.89 0.29 0.19 

1193 0.61 0.04 0.06 -0.29 -0.55 -0.25 -0.24 o. 75 0.02 

Mol 7 -0.45 -1. 06 0.60 -0.48 -0.05 -0.33 0.81 0.29 ...... 
w 

Val7 0.26 -0. 71 0.68 0.03 -0.49 0.57 0.10 -i 

H60 -0 .10 0.84 0.22 0.29 -0.34 0.20 

Pa91 -1. 2J -0.13 1.69 -0.27 0.46 

1196 0.29 0.45 -0.95 0. 31 

Oh7B -0.24 0.21 0.01 

Va85 -1.04 0.42 

S.E. (GCA effect) 0.10 
S.E. (SCA effect) 0.29 
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ble. The line Mol7 had a positive GCA effect of .81, indi-

cating high general combining ability for rind strength. 

The line Va85 had a negative GCA effect of -1.04, indicating 

poor GCA for rind strength. The line H93 also had a rela-

tively high positive GCA effect of .75, indicating high GCA 

for rind strength. Its low SCA variance of 0.02, compared 

to 0. 29 for Mol 7, indicates that H93 more uniformly tran-

smitted high rind strength to its F 1 crosses than did Mol7. 

The SCA effect of -0.82 for A632 x B73 would indicate 

that this cross tended to have poorer rind strength than ex-

pected based on the average performance of the parents. The 

positive SCA effect of 1.69 for Pa91 x Va85 indicates that 

this cross tended to have better rind strength than expected 

based on the average performance of the parents. 

The analysis of variance for grain yield from the ran-

domized block design for 1982 is presented in Table 38. The 

mean squares for hybrids and the components GCA and SCA were 

highly significant. 

The mean grain yields for the 66 F 1 hybrids grown at 

59,304 plants per hectare in 1982 are given in Table 39. 

The experimental mean yield over all 66 F 1 hybrids was 

11. 550 Mg/ha. The cross B73 x Pa91 had the highest mean 

grain yield of 14.16 Mgjha, whereas Va.79:419 x Mo17 had the 

lowest at 8.84. 



Table 38. Source of variation, mean squares, and expected mean squares for grain 
yield in 1982 from analysis of variance of an RCB design. 

Source of Mean Expected mean squares 
variation df square Model I Model II 

Reps 2 1. 2663 

Hybrids 65 5.4088** 2 3<j>H 2 2 
(J + (J + 3crH 

GCA 11 15.6376** 2 + 30 2 + 2 + 2 cr ll<j>GCA cr 30scA 30crGCA 

SCA 54 3.3266** 2 6 2 2 cr + l08<1>scA cr + 30scA 

Error 130 1.4795 2 2 cr CJ 

c. v. 10.5311 

*,**Significant at the .05 and .01 probability level, respectively for Model I. 

I-' w 
l..O 



Table 39. Mean grain yields in Mq/ha for 66 F 1 maize single cross l1ybri<ls (12 parent <liallel) grown at a plant 
<lensity o[ 59,304 plants/ha Jn 1962. 

va.49:719 A619 A632 B73 1193 Mol7 Val7 1160 Pa91 1196 Oh7B Va85 Inbred line mean 

Va.79:419 9.12 10.46 11. 73 10.BO 8.84 10.15 9.47 9.45 10.03 9.06 9. 56 9.88 

A619 12.75 12.37 9.lB 10.81 12.65 11.60 10.51 11.99 10.18 9.96 11. 01 

A632 11.13 10. 36 11. 69 12.82 11. 82 13. 49 12.03 9.70 9.65 11. 4 4 

873 12.17 12.47 13.99 12.68 14.16 9.98 12.51 12.17 12. 31 

1193 12.02 12.50 11. 44 11. 70 11. 59 10.86 13.01 11. 42 

Mol7 13. 51 10.63 13.76 l l. 61 11. 96 12.14 11. 77 

Val 7 12.76 11. 49 12.08 10.39 12.97 12.30 

1160 l l. 92 11. 40 11. 90 12 .15 11.62 

Pa91 13.36 11. 34 12.26 12.13 

1196 12.68 11. 46 11.66 

Oh7B 13.94 11. 32 

Va05 11. 75 

Grand Mean 11. 55 

--·--------

I-' 
"'" 0 
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In Table 39 the mean grain yield of the eleven crosses 

of each inbred line is also presented. The highest lines 

B73 and Val 7, had nearly identical averages of 12. 31 and 

12. 30 Mgjha, respectively. They also had the highest and 

second highest hybrid combination mean yields of 11.913 and 

11.912 Mg/ha, respectively, at 59,304 plants per hectare in 

the planting density experiment (Table 26). The line 

Va. 79: 419 was the lowest mean yielding in hybrid combina-

tions at 9.88 Mgjha. A highly significant, positive corre-

lation of . 767 was detected between mean grain yields at 

59,304 plants per hectare in the 1982 planting density ex-

periment and mean grain yields in the yield performance tri-

al for the 66 F1 hybrids. 

Estimates of GCA effects for grain yield for each of 

the twelve inbred lines and SCA effects for the 66 F1 hy-

brids for 1982 are given in Table 40. The SCA variance for 

each of these lines is also given in this same table. The 

lines B73 and Va17 had identical and positive GCA effects of 

. 83 indicating high general combining ability for grain 

yield. The SCA variance of .40 for Val7 was relatively low-

er than the SCA variance of . 73 for B73. This indicates 

that Val 7 tends to transmit its high yield capacity more 

uniformly to its F 1 crosses than does B73. The line 

Va.79:419 had a large negative GCA effect of -1.84, indicat-

ing low or poor GCA for yield. 



'!'able 40. Estimates from a 12-parent di.allel cross of GCA effects, SCA effects, and SCA variances for grain 
yield when grown at 59,304 plants per hectare in 1982. 

SCA effects GCA SCA 
va.79:419 A619 A632 B73 1193 Mol7 Val7 1160 Pa91 1196 Oh78 Va85 effects variances -

va. 79:419 o.oo 0.87 1.19 1.23 -1.11 -0.39 -0.32 -0.90 0.20 -0.40 -0.37 -1.84 0.19 

A619 l. 91 0.58 -1.63 -0.39 0.87 0.57 -1.08 0.91 -0.53 -1. 22 -0.59 o. 72 

A632 -1.14 -0.93 0.02 0.56 0.31 1.41 0.48 -1. 49 -2.01 ~0.12 l.10 

873 -0.07 -0.15 0.78 0.23 1.15 -2.52 0.38 -0.43 0.83 0.73 

1193 0.37 0.27 -0.04 -0.35 0.07 -0.29 1. 38 -0.14 0.29 
...... 

Mol7 0.89 -1. 23 1. 34 -0.29 0.42 0.13 0. 24 0.15 ~ 
N 

Val7 0.31 -1.53 -0.41 -1. 73 o. 37 0.83 0.40 

1160 -0.34 -0.34 0.54 0.30 0.07 -0.17 

Pa91 1.06 -0.60 -0.16 0.64 0.67 

1196 1.27 -0.43 0.12 0.63 

Oh7B 2.42 -0.25 0.97 

va85 0.22 0.96 

S.E. (GC/I effect) 0.21 
S.E. (SCA effect) 0.64 
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The negative SCA effects of -1.14 and -0. 93 for the 

crosses A632 x B73 and A632 x H93, respectively, indicate 

that these crosses had relatively lower yields than expected 

based on the average performance of their parents. This was 

also evident in the planting density experiment for both 

years. The positive SCA effect of 2.42 for Oh7B x Va85 in-

dicates that this cross had a relatively higher yield than 

expected based on the average performance of the parents. 

The analysis of variance for percent erect plants from 

the randomized complete block design for 1982 is presented 

in Table 41. No significance was detected for hybrids, GCA, 

or SCA. The 1982 season imposed little if any lodging 

stress on the hybrids; therefore, no reliable or valid lodg-

ing data could be obtained from this experiment. 

The transformed means for percent erect plants for the 

66 F 1 hybrids are given in Table 42 for general .interest. 

The overall transformed mean percent erect was 84.6, which 

as actual data would be approximately equal to 99 percent 

erect. A range of 74.7 to 90.0 percent erect for the 66 F 1 

hybrids which is equivalent to a range of 93 to 100 percent 

erect for actual data, demonstrates the lack of lodging 

stress in this experiment. 

Variance components estimates for GCA, SCA, and error 

and the narrow-sense heritability estimates for rind 



Table 41. Source of variation, mean squares, and expected mean squares for perctint 
erect plants in 1982 from analysis of variance of an RCB design. 

Source of Exeected mean SSJuares 
variation df Mean square Model I Model II 

Reps 2 130.1566* 

Hybrids 65 54.1162 2 
+ 3+u 02 + 2 I-' a 3a8 .i:::. 

2 30 2· 2 2 .i::. 
GCA 11 67.3960 a + 11 +GCA a + 30SCA + 30aGCA 

SCA 54 51. 4111 2 6 2 2 a + loe+scA a + 30SCA 

Error 130 38.6386 2 2 a a 

c.v. 7. 3514 

*•**Significant at the .05 and .01 probability levels, respectively for Model I. 



Table 42. Mean percent (arcsine transformed) erect plants for 66 ~ single cross hybrids 
(12-parent diallel) grown at a plant density of 59,304 plants/ha in 1982. 

va.79:419 A619 A632 873 H93 Mol7 Val7 1160 Pa91 1196 Oh7B Va85 

va.79:419 87.0 80.0 84.0 81. 7 84.7 90.0 83.0 87.0 84.0 90.0 90.0 

A619 78.7 82.3 90.0 76.7 82.7 78.7 90.0 90.0 82.7 87.0 

A632 86.0 82.7 84.0 90.0 87.0 81. 7 80.3 75.0 84.0 

B73 82.7 90.0 90.0 90.0 82.7 82.7 82.7 85.7 
I-' 

1193 90.0 87.0 90.0 84.0 82.7 77.3 85.7 ii::. 
Ul 

Mol7 86.0 87.0 90.0 82.7 90.0 83.3 

Val7 79.3 84.0 85.7 90.0 87.0 

H60 78.3 87.0 83.3 87.0 

Pa91 82.7 76.0 90.0 

1196 74.7 00.3 

Oh7B 82.7 

Va85 

Grand Mean 84.6 
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strength, percent erect plants, and grain yield are given in 

Table 43. As with the planting density experiment, these 

values are regarded as upper limit values and are biased to 

some degree by interactions of GCA and SCA with environment 

since this analysis is based on only one year. 

From Table 43 it is evident that the GCA variance com-

ponent of .3451 for rind strength is relatively larger than 

the value of .1146 for the SCA component. The error vari-

ance for rind strength of .6091 is larger than either the 

GCA or SCA variance component. The upper limit narrow sense 

heritability for rind strength of .76 suggests that consid-

erable additive genetic variation is present for this trait 

in the parents of this diallel cross. 

The GCA variance of .5328 for percent erect plants is 

quite small compared to 4. 2575 for SCA and 38. 6386 for er-

ror. The heritability of .06 suggests that almost no genet-

ic variability is present for this trait. However, this may 

be largely due to the little variability expressed for lodg-

ing in 1982. It should be noted that considerable variabil-

ity for lodging was exhibited in 1981. 

As one might expect, the GCA variance component of 

.4104 for yield is less than that for SCA of .6163. Again, 

the error variance component of 1.4795 is larger than either 

the GCA or SCA component. The upper limit narrow-sense her-



Table 43. Estimates of GCA, SCA, and error variance components and of narrow-sense 
heritability for three traits of a diallel cross of twelve maize inbred 
lines grown in an RCB design at 59,304 plants per hectare in 1982. 

GCA SCA· Error h2 t n. s. 

Rind 0.3451 + 0.1440 0.1146 + 0.0422 0.6091 + 0.7804 .76 + 0.32 - - - -
Percent erect 0.5328 + 0.9388 4.2575 + 3.6058 38.6386 + 6.2160 . 06 + 0.10 - - -
Yield 0.4104 + 0.2055 0.6163 + 0.2182 1.4795 + 1. 2163 . 43 + 0 .21 - - -

tUpper limit narrow-sense heritability values are calculated on an entry-mean basis. 

I-' 
~ 
-...J 
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itability of .43 for yield is relatively low as might be ex-

pected since these lines were very likely selected for high 

yield performance and much of the genetic variation remain-

ing is probably of the non-additive type. 



SUMMARY AND CONCLUSIONS 

Twelve inbred lines of maize were crossed in a diallel 

manner to produce 66 F 1 single cross hybrids. The 66 F1 hy-

brids were hand planted in single-row plots with three re-

plications at Holland, Virginia on 10 April, and 15 and 16 

April, 1981 and 1982, respectively. Plots were comprised of 

four split-plots corresponding to planting densities of 

39,536, 49,420, 59,304, and 69,188 plants per hectare. Rind 

puncture data were collected from five competitive plants in 

each density for each hybrid at midsilk and two to three 

weeks later. Data were also collected on percent erect 

plants, stalk pinch values, and grain yield. 

In 1982 the 66 F 1 hybrids were also grown in a yield 

performance trial at 59,304 plants per hectare. This exper-

iment was a randomized complete block design with three re-

plications. The 66 F 1 hybrids were hand planted in single 

row plots. Data were collected from this experiment for 

rind puncture, percent erect plants, and grain yield. 

Analyses of variance were performed on the means for 

each hybrid-density combination for all traits. Variation 

due to differences among hybrids was further partitioned 

149 



150 

into GCA and SCA. Following Model I, Method 4 of Griffing 

(1956), estimates of GCA effects for the twelve inbred lines 

and SCA effects for the 66 F1 crosses were obtained. Assum-

ing a random effects model (Model II), upper-limit narrow-

sense heritability values were calculated from estimates of 

variance components for rind puncture, percent erect plants, 

stalk pinch values and grain yield. 

Highly signficant differences were detected among hy-

brids and densities for rind puncture and grain yield in 

both years. Significant differences were also detected 

among hybrids for percent erect plants and stalk pinch va-

lues although no significant differences among densities was 

evident. No significant difference was detected between 

dates of measurement for rind puncture. Variation due to 

GCA and SCA components were highly significant for all 

traits. Hybrid by density interaction was significant for 

grain yield and percent erect plants but not for rind punc-

ture or stalk pinch values. In general, rind puncture va-

lues decreased as plant density increased. Hybrid by date 

interaction for rind puncture was highly significant in 1982 

only. No significant density by date interaction was de-

tected for rind puncture. 

Highly significant differences were detected for hy-

brids, GCA, and SCA for rind puncture and grain yield but 



151 

not for percent erect plants for the yield performance tri-

al. Little if any natural stalk lodging- was evident in 

1982. 

In general, rind puncture values were higher in 1982 

than in 1981. The line H93 had the highest GCA for rind 

puncture in the planting density experiment in both years 

while Va85 had the lowest. The line Mol 7 had the highest 

GCA for rind puncture in the yield trial while Va85 was the 

lowest again. A highly significant correlation of .845 was 

observed between rind puncture values at 59,304 plants per 

hectare in the planting density experiment in 1982 and those 

obtained from the yield trial. 

The line A619 had the highest GCA for percent erect 

plants in 1981, whereas H96 had the lowest. A significant 

positive correlation of .35 was detected between rind punc-

ture and percent erect plants in the density experiment. 

In 1982, the lines Val 7 and Va85 had the highest GCA 

for stalk pinch values and Va.79:419 the lowest in the den-

sity experiment. 

Va85 as a parent 

Hybrid combinations having either Val7 or 

tended to have a relatively solid lower 

stalk with little evidence of decay at harvest. A non-sig-

·nificant correlation of .038 was detected between rind punc-

ture and stalk pinch values for the density experiment. 
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Yield levels were considerably higher in the favorable 

environment of 1982 than in the more stressful environment 

of 1981. The line H93 had the highest GCA for grain yield 

in 1981 in the density experiment, whereas H60 had the low-

est GCA for yield in this year. In 1982 the line Va17 had 

the highest GCA for yield in the density experiment, whereas 

Va.79:419 had the lowest GCA for yield. The lines B73 and 

Val7 had the highest and equal GCA for yield in 1982 in the 

yield performance trial, whereas Va. 79:419 had the lowest 

GCA for yield. A highly significant, positive correlation 

of . 767 was detected between grain yield at 59, 304 plants 

per hectare in the planting density experiment in 1982 and 

grain yield in the yield performance trial for 1982. Addi-

tionally, a significant correlation of .31 was found for the 

planting density experiment between yield over all densities 

and years and rind puncture over all densities, dates of 

measurements and years. The lack of a negative correlation 

between these traits suggests that selection for high rind 

puncture values and high yields in a breeding population 

could be done simultaneously. 

Upper limit narrow-sense heritability values were cal-

culated on an entry-mean basis. Heritability values for 

rind puncture were . 75 and . 78 for 1981 and 1982, respec-

tively. Heri tabi li ty values for grain yield were . 32 for 
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1981 and .62 for 1982. Heritability for percent erect 

plants in 1981 was .59. Heritability for stalk pinch values 

in 1982 was .76. 

Differences in growing environments between 1981 and 

1982 had a marked effect on mean rind puncture values, grain 

yields, and lodging. A stressful season such as 1981 ena-

bles one to effectively discriminate among hybrids for rind 

strength, yield, and lodging susceptibility. A highly pro-

ductive and minimal stress environment such as 1982 allows a 

good assessment of maximum yield capacity, but limits dis-

crimination for other critical performance traits such as 

resistance to root and stalk lodging. Al though rind punc-

ture values were substantially lower in 1981 than in 1982, 

H93 and Va85 consistently had the highest and lowest general 

combining ability, respectively~ for rind puncture in both 

years. Clearly, GCA by environmental interactions and SCA 

by environmental interactions tend to bias estimates of GCA 

and SCA components of variation. Since GCA by environmental 

and SCA by environmental components were not partitioned 

from GCA and SCA and estimated as such for the combined ana-

lyses over years, GCA and SCA components in the analysis of 

variance would be biased by these terms and should be re-

garded cautiously. 
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Given that these lines were chosen to represent many of 

the various family backgrounds of elite Corn Belt germplasm, 

one might expect considerable variation to be present for 

many traits. It is unlikely that all of these lines were 

previously selected for rind strength per se during their 

development. The considerably greater magnitude of the GCA 

component compared to the SCA component for rind puncture 

analysis in each year would seem to agree with the concept 

of Sprague and Tatum (1942) that significant amounts of ad-

ditive genetic variation should be present in germplasm pre-

viously unselected for a given trait. 

One objective of this research program was to assess 

the practical utility of the rind penetrometer in an applied 

maize breeding program. In this regard, the tool appears to 

be well suited as an aid in identifying those genotypes, be 

they F 1 hybrids or segregants, that have superior rind 

strength or hardness. Since plant density affects rind 

puncture values, it is critical that equally spaced, compet-

itive plants be used to obtain reliable measurements. Prop-

er technique in using the tool is also very important to ob-

tain repeatable results. Since environmental or seasonal 

differences markedly affect rind puncture values, obtaining 

data from more than one year is also recommended. 
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The ideal time to obtain rind puncture readings from 

individual plants or selections depends upon the breeder's 

objectives. Obtaining observations at midsilk in segregat-

ing material would enable the breeder to identify those gen-

otypes with superior rind strength. Hand pollinations of 

only those plants with acceptable rind strength would con-

serve time and pollinating supplies and resources during 

that part of the season. 

Rind puncture readings from selected hand pollinated 

plants may be biased by the degree of seed set. If one con-

siders the ear as a sink for a given amount of photosynt-

hates, then a partitioning of those photosynthates between 

lower stalk tissues and the ear seems inevitable. Barren 

plants or plants with poor seed set may have rind puncture 

readings that are biased high because of a lack of balanced 

partitioning of photosynthates between stalk and ear. Ob-

taining reliable rind puncture readings at midsilk would 

avoid this bias since the degree of successful seed set by 

hand pollination has not yet been established. Obtaining 

rind puncture readings at physiological maturity may seem 

more informative; however, one must consider the possible 

confounding effects of stalk decomposition at this time. 

It is also of interest to know how many observations 

one can obtain in a given time period. While individual ca-
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pacity and method of recording data will influence rate, 200 

to 250 punctures per hour does not seem unreasonable. 

The rind penetrometer should also be useful in assess-

ing breeding populations for their inherent stalk quality. 

From open-pollinated or F2 population of 1000 to 1500 

plants, rind puncture readings from a sample group of 100 to 

200 randomly chosen plants should provide an indication of 

whether or not there is sufficient variability for high rind 

strength to permit effective selection. 

Many questions remain unanswered regarding rind 

strength in maize and the usefulness of the rind penetrorne-

ter. Other studies have indicated that 60 to 65 percent of 

the total stalk strength is contributed by the rind. If 

this is so, how does the degree of lignification in the rind 

area affect rind puncture readings and total stalk strength? 

Does pith density affect rind puncture readings? Addition-

ally, it would be of interest to know how stalk rot or, con-

versely selection for "stay green", affects rind puncture 

values at various times during a given season. 

The rind penetrometer is no more than a tool to aid the 

breeder in identifying those genotypes with superior rind 

strength. Inherent rind strength or hardness is affected by 

many environmental factors and is only one of several fac-

tors influencing resistance to stalk lodging. While the 



157 

contribution of rind strength to stalk lodging may be either 

enhanced or diminished by the series of genotype by environ-

mental interactions that occur from flowering to harvest 

during a given growing season, inherent rind strength dis-

crimination can be done effectively using the rind penetrom-

eter and appropriate techniques, at least among F 1 single 

cross hybrids, be it at midsilk or 2-3 weeks later. 
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Table Al. Source of variation, mean squares, and expected mean squares for days to silk 
1981 and 1982. 

Source of 
variation 

Rep 

Hybrids 

GCA 

SCA 

Error (1) 

Density 

!'.:rror (2) 

Hybrid x 
Density 

Error (3) 

c.v 

df 

2 

65 

11 

54 

130 

3 

6 

195 

390 

Mean squares 
1981 1982 

75.1970** 36.4104** 

64.2487** 68.7822** 

270.4606** 342.3672** 

22.2426** 13.0519* 

11.8034 8.2245 

348.2306** 99.8838** 

9.0539 4.3649 

3.8922 1. 0069 

3.5167 1.0200 

2.2215 1.2855 

Expected mean squares 
Model I Model II 

2 2 2 o 3 + 4o 1 + 12oH 

2 2 2 2 
o 3 + 4o 1 + 12oSCA +120oGCA 

2 2 2 o 3 + 4o 1 + 12oSCA 

2 2 o 3 + 4o 1 
2 2 o3 + 4o 1 

2 2 03 + 6602 + 198¢0 
2 2 

03 + 6602 + 198¢0 

2 2 
03 + 6602 

2 2 
03 + 6602 

2 
0 3 + 3¢Hx0 

2 2 
0 3 + 30 Hx0 

*,**Significant at the .05 and .01 probability level, respectively for Model I. 



Table A2. Mean number of days to silk for 66 Fi maize single cross hybrids (12-parent diallel) 
grown at four plant densities in 19B and 19B2. 

39,536 49,420 59,304 69,1B8 Year 
Plants/ha Plants/ha Plants/ha Plants/ha Averages 

1981 19B2 19Bl 19B2 19Bl 19B2 19Bl 1982 1981 19B2 

Va.79:419 x A619 75.3 73.0 76.7 73.0 77.0 74.0 83.0 74.3 7B.O 73.6 
x A632 76.7 75.0 77.3 76.7 79.0 76.3 B2.3 7B.O 7B.B 76.5 

x B73 81. 3 75.0 B2.0 77.0 Bl. 3 77.0 83.3 78.0 82.0 76.B 
x H93 Bl. 7 76.0 B2.7 75.7 B3.3 77.7 B5.3 79.7 B3.3 77. 3 
x Mol7 81. 0 74.0 83.0 75.7 B5.0 76.7 B4.7 77 .3 B3.4 75.9 

x Val? 77. 3 74.0 79.0 75.3 80.3 77 .o B2.7 76.3 79.8 75.7 

x H60 79.3 74.0 83.0 75.7 B3.3 7B.O B4.7 77 .o B2.6 76.2 1--' 
0\ 

x Pa91 B2.3 7B.3 B3.7 7B.3 B3.7 79.3 B4.7 79.3 B3.6 7B.8 O'I 

x H96 Bl. 7 75.3 B2.7 76.7 B2.3 76.7 B6.0 7B.O B3.2 76.7 
x Oh7B 85.0 B0.3 B6.3 Bl. 0 B6.0 Bl. 0 B7.0 Bl.O B6.l B0.8 
x VaB5 B0.7 72.3 Bl. 7 73.0 B5.0 73.7 B6.0 74.7 83.3 73.4 

A619 x A632 76.3 72.7 76.3 72. 7 77. 3 74.3 79.0 75.0 77.3 73.7 
x B73 Bl. 7 79.0 84.0 80.0 B3.7 B0.3 B5.7 B0.3 B3.B 79.9 
x H93 Bl. 3 76.3 B3.0 76.7 B2.7 77. 3 B3.7 77. 0 B2.7 79.B 
x Mol7 B0.7 74.3 B2.0 75.0 82.3 75.3 B5.0 75.7 82.5 75.1 
x Val? 77.3 75.7 80.7 77. 0 Bl. 3 77. 0 B3.7 77. 7 BO.B 76.8 
x H60 79.0 74.3 B2.3 74.0 B3.7 75.7 B7.3 76.3 83.1 75.1 
x Pa91 B5.7 7B.O 8B.O 77.7 BB.7 79.3 B9.0 79.0 B7.8 7B.5 
x H96 B2.7 77.0 B5.0 77. 7 B5.0 7B.3 86.0 79.3 B4.7 78.1 
x Oh7B B3.0 76.0 03.7 7B.O 83.7 77.0 B4.3 7B.3 B3.7 77. 3 
x VaB5 79.3 75.0 B3.3 75.0 86.0 77.0 BB.7 77.0 B4.3 76.0 

A632 X B73 B2.3 79.3 B2.3 79.3 B5.7 79.7 B3.3 BO.O B3.4 79.6 

x H93 82.3 75.7 84.0 76.7 B4.0 76.7 05.0 77.0 B3.B 76.5 



Table A2. Continued 

39,536 49,420 59,304 69,188 Year 
Plants/ha Plants/ha Plants/ha Plants/ha Averages 

1981 1982 1981 1982 1981 1982 1981 1981 1981 1982 

A632 x Mol7 79.7 74.3 80.0 75.7 83.0 77.0 83.0 76.7 81.4 75.9 
x Val7 81. 0 77.0 81. 7 77 .o 83.0 77. 7 85.0 77 .0 82.7 77.2 
x H60 83.3 74.3 83.7 75.3 86.0 76.0 86.3 76.7 84.8 75.6 
x Pa91 81. 3 78.0 84.3 78.7 84.3 79.3 84.3 79.3 83.6 78.8 
x H96 80.6 76.7 81. 7 77. 7 81. 7 78.3 82.0 78.0 81.5 77. 7 
x Oh7B 84.3 82.3 85.3 81.0 85.0 81. 7 85.7 82.0 85.1 81. 8 
x Va85 81. 3 74.0 83.3 77.0 84.0 77.0 83.0 77 .0 82.9 76.3 

B73 x H93 85.3 78.3 87.0 79.0 87.0 79.7 87.7 81.0 86.8 79.5 
x Mol7 83.0 78.3 85.0 78.7 85.0 78.7 86.3 81.0 84.8 

I-' 
79.2 °' x Val7 82.0 81. 0 82.7 81. 3 83.3 80.7 85.0 Bl. 7 83.3 81. 2 

-.) 

x H60 83.3 76.0 85.7 78.3 85.7 78.3 86.3 79.0 85.3 77.9 
x Pa91 86.0 80.0 86.0 80. 0 86.7 80.0 87.0 81. 3 86.4 80.3 
x H96 83.7 81. 3 85.0 82.7 85.0 82.3 86.3 82.3 85.0 82.2 
x Oh7B 86.3 82.3 87.0 83.3 87.0 83.3 87.7 83.7 87.0 83.2 
x Va85 83.0 77.0 85.0 78.0 84.3 77. 3 06.0 78.3 84.6 77.7 

H93 x Mol7 85.0 76.3 85.3 78.0 86.0 77.7 87.0 79.0 05.B 77.8 
x Val7 84.7 79.0 86.0 79.7 86.7 79.3 87.3 80.3 86.2 79.6 
x H60 84.3 77.7 86.7 77.7 87.3 77. 7 87.3 78.3 86.4 77.8 
x Pa91 83.7 80.3 85.7 79.3 86.3 80.3 87.0 81.3 85.7 80.3 
x H96 85.7 79.3 86.0 80.0 87.0 80.3 87.0 80.3 86.4 80.0 
x Oh7B 86.7 80.0 87.0 80.7 87.7 80.7 87.7 81.0 87.3 80.6 
x Va85 84.3 77. 7 85.0 77.3 85.3 77.7 87.0 78.7 85.4 77 .8 

Mol7 x Val7 84.7 78.3 85.7 78.7 85.3 79.7 86.3 79.0 85.5 78.9 
x H60 77.3 76.3 86.3 77.0 78.3 78.0 87.3 79.7 82.3 77.8 



Table A2. Continued 

39,536 49,420 59,304 69,188 Year 
Plants/ha Plants/ha Plants/ha Plants/ha Averages 

1981 1982 1981 1982 1981 1982 1981 1982 1981 1982 

Mol7 x Pa91 82.7 80.0 87.7 79.3 83.0 81. 3 87.7 80.3 85.3 80.3 
x H96 85.7 76.0 87.7 75.3 87.7 77. 3 87.7 77. 0 87.2 76.4 
x Oh7B 85.7 80.0 87.7 80.7 87.3 81.0 87.7 81. 0 87.1 80.7 
x Va85 83.7 77.7 86.0 78.3 86.0 78.7 86.0 78.3 85.4 78.3 

Val7 x H60 85.7 77.3 86.3 77.3 87.3 78.7 87.7 78.7 86.8 78.0 
x Pa91 83.3 81. 3 84.7 81. 3 85.0 83.0 87.0 82.3 85.0 82.0 
x H96 84.0 79.3 84.7 80.0 85.3 82.3 86.3 81.0 85.1 80.7 I-' 

O'I 

x Oh7B 85.3 79.3 87.0 81. 3 86.3 81.0 87.3 82.0 86.5 80.9 00 

x Va85 83.0 77. 3 84.7 78.0 85.3 78.7 86.3 78.3 84.8 78.1 
H60 x Pa91 85.3 80.0 86.3 80.7 85.7 81. 7 87.7 82.0 86.3 81. l 

x H96 84.7 79.0 86.3 79.3 85.0 79.3 87.0 80.0 85.8 79.4 
x Oh7B 81. 0 81. 0 85.0 81. 0 80.0 82.3 88.7 82.0 83.7 81.6 
x Va85 84.3 77. 7 85.3 77.7 87.7 78.3 87.7 78.7 86.0 78.1 

Pa91 x H96 85.3 82.7 86.7 82.3 86.3 82.3 87.0 83.7 86.3 82.8 
x Oh7B 88.0 82.7 88.7 82.3 89.7 83.3 89.7 83.7 89.0 83.0 
x Va85 85.0 79.0 85.7 79.7 86.0 81. 3 87.3 81. 0 86.0 80.3 

H96 x Oh7B 85.7 82.0 87.0 82.7 86.3 82.0 88.0 83.3 86.8 82.5 
x va85 82.0 78.3 83.7 79.3 83.3 79.0 84.7 81. 0 83.4 79.4 

Oh7B x Va85 86.0 81. 3 87.3 81. 7 87.7 82.3 88.3 82.7 87.3 82.0 

Overall Means 82.7 77.7 84. 4 78.3 34.6 78.9 86.0 79.3 



Table A3. Mean nwnber of days to silk for each of the inbred lines of a 12-parent 
diallel when crossed with the other 11 inbreds and grown at four plant 
densities in 1981 and 1982. 

Mean number of days to silk for indicated Elant densities (Elants/ha) and year 
Inbred 39,536 49,420 59,304 691188 Avera re 
Line 1981 1982 1981 1982 1981 1982 1981 1982 1981982 

Va. 79:419 80.2 75.2 81.6 76.2 82.4 77.0 84.5 77. 6 82.2 76.5 
A619 80.2 75.6 B2.3 76.1 B2.9 76.9 85.0 77.3 82.6 76.5 
A632 B0.8 76.3 81. 8 77.1 83.0 77.6 83.5 77.9 82.3 77.2 

B73 83.4 78.9 84.7 79.B B5.0 79.8 B5.9 B0.6 84.8 79.8 
I-' 
O"I 

H93 84.1 77.9 85.3 78.3 B5.8 7B.6 86.5 79.4 85.4 78.6 
l.O 

Mol7 82.7 76.9 85.1 77.5 84.4 78.3 86.2 7B.6 B4.6 77. B 
Val7 82.6 7B.l B3.9 78.8 B4.5 79.6 85.9 79.5 84.2 79.0 

H60 82.5 77.l 85.2 77.9 B4.5 78.5 87.1 78.9 84.B 78.l 
Pa91 84.4 80.0 86.1 BO. 0 85.9 Bl. 0 B7 .1 81. 2 85.9 B0.6 
H96 83.8 7B.8 85.l 79.4 85.0 79.8 B6.2 80.4 85.0 79.6 
Oh7B B5.2 B0.7 B6.5 81. 2 B6.l 81. 4 87.5 81. 9 86.3 81. 3 
Va85 83.0 77.0 B4.6 77.7 85.6 78.3 B6.5 78.7 B4.9 77. 9 



Table A4. Estimates from a 12-parent diallel cross of GCA and SCA effects for days to silk averaged 
over four plant densities per hectare in 1981. 

SCA effects GCA 
Va.79:419 A619 A632 B73 H93 t1ol7 Val7 H60 Pa91 H96 Oh7B Va85 effects 

Va.79:419 -1. 96 -0.81 -0.33 0.18 1. 23 -1. 91 0.18 ··O. 02 0.53 2.03 0.89 -2.45 

A619 -2.83 0.98 -0.85 -0 .13 -1. 43 0.24 ).79 1. 59 -0.83 1. 4 3 -2.01 

A632 0.96 0.63 -0.89 0.80 2.31 -0.14 -1. 26 0.91 0.33 -2.33 

B73 -0.86 0.17 - 1. 31 0 .:03 o.oo -0.45 0.13 -0.70 0.37 

H93 0.09 0.87 0.46 -1. 49 0.23 -0.36 -0.61 1.11 

Mol7 1.09 -2.73 -1. 02 1.87 0.37 0.28 0.22 

Val7 2.13 -0.83 0.23 0.23 0.14 -0.23 

H60 -0.23 0.23 -3.27 0.65 0.43 

Pa91 -0.38 0.87 -0.55 1.63 

H96 -0.42 -2.17 0.67 

Oh7B J.33 2.08 

Va85 0.50 

S.E. (GCA effect) 0.30 
S.E. (SCA effect) 0.89 

I-' 
-..J 
0 



Table AS. Estimates from a 12-parent diallel cross of GCA and SCA effects for days to silk averaged 
over four plant densities in 1982. 

SCA effects GCA 
Va.79:419 A619 A632 873 H93 Mol7 Val7 H60 Pa91 H96 Oh7B Va85 effects 

Va. 79:419 -0.39 1. 68 -0.87 0.97 0.43 -1.12 0.43 0.33 -0.79 1. 52 -2.19 -2.26 

A619 -1. 09 2.37 0.62 -0.34 0.12 -0.58 0.07 0.69 -1. 92 0.46 -2.33 

A632 1.18 -0.57 -0.36 -0.40 -0.93 -0.45 -0.57 1.65 -0.14 -1. 48 

B73 -0.36 0.10 0.81 -1. 39 -1. 74 1.13 0.28 -1. 52 1. 31 

H93 0.02 0.56 -0.14 -0.41 0.30 -0.97 -0.02 -0.02 

Mol7 0.68 0.57 0.30 -2.49 -0.10 1.19 -0.81 

Val7 -0.47 0.76 0.47 -1.14 -0.27 0.48 

H60 0.89 0.27 0.58 0.78 -0.57 

Pa91 0.83 -0.77 0.18 2.20 

H96 -0.23 0.39 1.16 

Oh7B 1.12 3.01 

Va85 -0.69 

S.E. {'GCA effect) 0,25 
S.E. (SCA effect) 0.75 



Table A6. Source of variation, mean squares, and expected mean squares for days to mid-silk 
combined over two years. 

Source of Ex12ected mean sguares 
variation df Mean squares Model I Model II 

Year 1 13568.4949** 

Rep (Year) 4 55.8037 

Hybrids 65 111.0962** 2 
a3 + 

2 4a 1 + 24cpH 2 
03 + 

2 401 + 2 24oH 

GCA 11 566.8245** 2 2 
+240cpGCA 

2 2 2 2 
03 + 401 a3 + 401 + 24oSCA +240oGCA 

11 
54 18.2627** 2 2 

+~ijiSCA 
2 2 2 SCA 03 + 401 03 + 401 + 24aSCA 

108 
2 2 2 2 2 Hybrid x Year 65 21.9317** 03 + 401 + 12 4>HxY 03 + 401 + 120 HxY 

Error (1) 260 10.0139 2 
03 + 

2 
401 

2 
03 + 

2 
401 

Density 3 402.7693** 2 
03 + 

2 6602 + 396ijiD 2 
0 3 + 2 6602 + 396cpD 

Density x Year 3 45.3451** 2 
03 + 

2 6602 + 198cpDxY 
2 

03 + 2 6602 + 198oDxY 

Error (2) 12 6.7094 2 2 2 2 
03 + 66a 2 03 + 6602 

Hybrid x Density 195 2.7672 2 
6 4>HxD 

2 2 
a3 + 03 + 60 HxD 

Hybrid x Density x Year 195 2.1319 2 
a3 + 3 4>HxDxY 

2 
a3 + 

2 
30HxDxY 

780 2.2684 2 2 Error (3) 03 a3 

c.v. 1. 8482 

*,**Significant at the .OS and .01 probabi 1i ty level, respectively for Model I. 

t-' 
-..] 
N 



Table A7. Mean number of days to silk for 66 F 1 maize single cross hybrids (12-
parent diallel) grown for two years (1981 and 1982) at four plant densities 

Mean number of days to silk for indicated densities (plants/ha) 

F1 hybrid 39, 536 49,420 59,304 69,188 Average 

va.79:419 x A619 74.2 74.8 75.5 78.7 75.8 
x A632 75.8 77.0 77. 7 80.2 77. 7 
x B73 78.2 79.5 79.2 80.7 79.4 

II x H93 78.8 79.2 80.5 82.5 80.3 
II x Mol7 77 .5 79.3 80.8 81.0 79.7 

x Val7 75.7 77 .2 78.7 79.5 77.8 

" x H60 76.7 79. 3 80.7 80.8 79.4 
x Pa91 80.3 81. 0 81.5 82.0 81. 2 I-' 

x H96 78.5 79.7 19. 5 82.0 79.9 
-...J 
w 

x Oh7B 82.7 33.7 83.5 84.0 83.5 
x Va85 76.5 77.3 79.3 80 •. 3 78.4 

A619 x A632 74.5 74.5 75.8 77.0 75.5 
x B73 80.3 82.0 82.0 83.0 81. 8 
x H93 78.8 79.8 80.0 80.3 79.8 
x Mol7 77.5 78.5 78.8 80.3 78.8 
x Val7 76.5 78. 8 79.2 B0.7 78.8 
x H60 76:7 78.2 79.7 81. 8 79 .1 
x Pa91 81. 8 82.8 84.0 84.0 83.2 
x H96 79.8 81. 3 81. 7 82.7 81. 4 
x Oh7B 79.5 BO.B B0.3 Bl. 3 80.5 
x Va85 77 .2 79.2 Bl. 5 B2.B B0.2 

A632 x B73 80.B 80.8 B2.7 81. 7 81. 5 
x H93 79.0 B0.3 80.3 81.0 80.2 
x Mol7 77.0 77.8 80.0 79.8 78.7 



Table A7. Continued 

Mean number of da:ts to silk for indicated densities (plants/ha) 
F1 hybrid 39,536 49,420 59,304 69,188 Average 

A632 x Val? 79.0 79.3 80.3 81. 0 Bl. 5 
x H60 78.8 79.5 81.0 81. 5 80.2 
x Pa91 79.7 81. 5 81. 8 81.8 81. 2 
x H96 78.7 79.7 80.0 80.0 79.6 
x Oh7B 83.3 83.2 83.3 83.8 83.4 
x Va85 77. 7 80.2 80.5 80.0 79.6 

B73 x H93 81. 8 83.0 83.3 84.3 83.1 
x Mol7 80.7 81. 8 81.8 83.7 82.0 
x Val7 81. 5 82.0 82.0 83.? 82.2 I-' 

-....) 

x H60 79.7 82.0 82.0 82.7 81.6 ""' 
x Pa91 83.0 83.0 83.3 84.2 83.4 
x H96 82.5 83.8 83.7 84.3 83.6 
x Oh7B 84.3 85.2 85.2 85.7 85.1 
x Va85 80.0 81. 5 80.8 82.2 81.1 

H93 x Mol7 80.7 81. 7 81. 8 83.0 81.8 
x Val? 81. 8 82.8 83.0 83.8 82.9 
x H60 81.0 82.2 82.5 82.8 82.1 
x Pa91 82.0 82.5 83.3 84.2 83.0 
x H96 82.5 83.0 83.7 83.7 83.2 

x Oh7B 83.3 83.8 84.2 84.3 83.9 
x Va85 81. 0 81. 2 81. 5 82.8 81. 6 

Mol7 x Val? 81. 5 82.2 82.5 82.7 82.2 

x H60 76.8 81. 7 78.2 83.5 80.0 

x Pa91 81. 3 83.5 82.2 84.0 82.8 



Table A7. Continued 

Mean number of daxs to silk for indicated densities (plants/ha) 
F1 hybrid 39,536 49,420 59,304 69,188 Average 

Mol7 x H96 80.8 81.5 82.5 82.3 81. 8 
x Oh7B 82.8 84.2 84.2 84.3 83.9 

II x Va85 80.7 82.2 82.3 82.2 81.8 
Val7 x H60 81. 5 81. 0 83.0 83.2 82.4 

x Pa91 82.3 83.0 84.0 84.5 83.5 
II x H96 81. 7 82.3 83.8 83.7 82.9 

x Oh7B 82.3 84.2 83.7 84.7 83.7 
x Va85 80.2 81. 3 82.0 82.3 81. 5 I-' 

-...J 

H60 x Pa91 82.7 83.5 83.7 84.8 83.7 Ul 

x H96 81. 8 82. " 82.2 83.5 82 .f. 
x Oh7B 81.0 83.0 Bl. 2 85.3 82.6 
x Va85 81.0 81. 5 83.0 82.7 82.0 

Pa91 x H96 84.0 84.5 84.3 85.3 84.5 
x Oh7B 85.3 85.5 86.5 86.7 86.0 
x Va85 82.0 82.7 83.7 84.2 83.1 

H96 x Oh7B 83.8 84.8 84.2 85.7 84.6 
II x Va85 80.2 81. 5 81. 2 82.8 81.4 

Oh7B x Va85 83.7 84.5 85.0 85.5 84.7 

Overall Mean 80.2 81. 3 81. 7 82.7 



Table AS. Estimates from a 12-parent diallel cross of GCA effects and SCA effects for days to 
midsilk averaged over four plant densities for two years. 

SCA effects GCA 
va.79:4I9 A619 A632 B73 H93 Mol7 Val? H60 Pa91 H96 Oh7B Va85 effects 

Va79:419 -1.17 0.43 -0.60 0.57 0.83 -1. 51 0.31 0.16 -0.13 1. 78 -0.66 -2.36 

A619 -1. 96 1. 67 -0.12 -0.23 -0.66 -0.17 l. 93 1.14 -1. 37 0.94 -2.17 

A632 1.07 0.03 -0.62 0.20 0.69 -0.30 -0.92 1. 28 0.09 -1. 90 

B73 0.25 -0.03 -0.25 -0.68 -0.87 0.34 0.20 -1.11 0.84 
~ 

H93 0.05 0. 71 0.16 -0.95 0.26 -0.67 -0.31 0.54 -..J 
O'I 

Mol7 0.89 -1.08 -0.36 -0.31 0.13 0.74 -0.30 

Val? 0.83 -0.03 0.35 -0.46 -0.06 0.] 3 

H60 0.33 0.25 -1. 35 0.72 -0.07 

Pa91 0.23 0.05 -0.18 1. 92 

H96 -0.32 -0.89 0.91 

Oh7B 0.73 2.55 

Va85 -0.10 

S.E. (.GCA effect) ,., . 20 
S.E. (SCA effect) C•. 58 



Table A9. Source of variation, mean squares, and expected mean squares for days 
to silk in 1982 from analysis of variance of an RCB design. 

Source of Mean Expected mean square 
variation df sg:uare Model I Model II 

Reps 2 4.5606 

Hybrids 65 15.0005** 2 
+ 3<J>H 

2 2 
C1 C1 + 3crH 

GCA 11 70.4000** 2 30 2 2 2 
C1 +ll<l>GCA C1 + 30SCA + 30°GCA 

SCA 54 3. 7154 . 2 6 
0 +1oa<l>scA 

2 2 
C1 + 30scA 

Error 130 4.0632 2 2 
C1 C1 

c.v. 2.6323 

*,**Significant at the .05 and .01 probability levels, respectively for Model I. 

I-' 
-...J 
-...J 



Table AlO. Mean number of days to silk for 66 ~l maize single cross hybrids (upper diagonal) 
grown at 59,304 plants per hectare in 1982. 

va.79:419 A619 A632 B73 H93 Mol7 Val? H60 Pa91 H96 Oh7B Va85 Mean 

Va.79:419 72.3 72. 7 72. 7 74.0 73.3 73.0 73.3 75.0 74.7 78.0 73.0 73.8 

A619 75.0 76.3 76.3 73.0 74.7 73.7 78.0 75.0 76.7 75.3 75.1 

A632 76.7 76.0 73.7 74.0 73.7 76.3 75.7 79.7 75.7 75.4 

B73 78.0 77. 7 78.0 76.7 78.3 77.3 80.3 77. 7 77.3 
I-' 

H93 76.3 78.3 74.7 78.0 79.3 77. 7 76.0 76.8 -....) 
00 

Mol7 77.7 75.7 76.7 75.7 78.7 77.7 76.0 

Val? 76.7 79.7 79.7 77. 7 77.0 77.0 

H60 79.3 79.3 79.3 76.7 76.3 

Pa91 80.7 81. 3 77.7 78.3 

H96 79.3 77.7 77.7 

Oh7B 78.3 78.8 

Va85 76.6 

Grand Mean 76.6 



Table All. Estimates from a 12-parent diallel cross of GCA effects and SCA effects for days to silk when grown at 
59,304 plants per hectare in 1982. 

SCA effects 
Va. 79:419 A619 A632 B73 1193 Mol7 Val? H60 -----

Va. 79:419 0.39 0.46 -1. 61 0.22 0.42 -0.94 0.12 

A619 1. 36 0.62 1.12 -1.34 -0.71 -0.98 

A6J2 0.69 0.52 -0.94 -1. 64 -1.24 

B73 0.46 0.99 0.29 -0. 31 

H93 0.16 1.12 -1. 81 

Mol 7 1. 32 0.06 

Val? 0.02 

1160 

Pa91 

H96 

Oh7B 

Va85 
--------------------

Pa91 

-0.41 

l.16 

-0.78 

-0.84 

-0.68 

-1.14 

0.82 

1. 22 

H96 Oh7B Va85 

-0.08 1. 99 -0.58 

-1.18 -0.78 0.32 

-0.78 1. 95 0.39 

-1.18 0.56 0. 32 

1. 32 -1. 61 -0.84 

-1.48 0.26 1. 69 

1. 49 -1. 78 -0.01 

l. 89 0.62 0.39 

1. 02 o. 42 -0.81 

-0.91 -0.14 

-0.74 

S.E. (GCA effect) 
S.E. (SCA effect) 

GCA 
effects ----
-3.03 

-1.60 

-1.33 

0. 73 

0.23 

-0.63 

0.40 

-0.33 

1. 87 

1. 20 

2.47 

0.03 

0.35 
I. 05 
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DIALLEL ANALYSIS OF RIND PUNCTURE AND GRAIN YIELD 

AND THEIR INTERACTIONS WITH PLANT DENSITY FOR TWELVE 

ELITE INBRED LINES OF MAIZE, ZEA MAYS L. 

by 

Christopher 0. Perry 

(ABSTRACT) 

To better understand the genetics of stalk quality in 

elite Corn Belt germplasm, combining ability estimates for 

stalk quality as measured by rind puncture were obtained for 

twelve inbred lines of maize representing elite Corn Belt 

gerrnplasm. Secondly, an attempt was made to assess the 

practical utility of the rind penetrometer as a tool to mea-

sure stalk quality in an applied maize breeding program. 

The twelve inbred lines of maize were crossed in a 

diallel manner to produce the 66 F 1 single cross hybrids. 

Hybrids were hand planted in single-row plots with three re-

plications at Holland, Virginia on 10 April and 15 and 16 

April, 1981 and 1982, respectively. Plots were comprised of 

four split-plots corresponding to planting densities of 

39,536, 49,420, 59,304 and 69,188 plants per hectare. Rind 

puncture data were collected from five competitive plants in 

each density for each hybrid at midsi lk and two to three 

weeks later. Data were also collected on percent erect 

plants, stalk pinch values, and grain yield. Analyses of 



variance were performed on the means for each hybrid-density 

combination for all traits. Model I, Method 4 of Griffing 

(1956) was followed to obtain estimates of GCA and SCA ef-

fects. 

Highly significant differences were detected among hy-

. brids and densities for rind puncture and grain yield in 

both years. Significant differences were also detected 

among hybrids for percent erect plants and stalk pinch va-

lue, although no significant difference among densities was 

evident. No significant difference was detected between 

dates of measurement for rind puncture. 

nents were highly significant for all 

GCA and SCA compo-

trai ts. Hybrid by 

density interaction was significant for grain yield and per-

cent erect plants but not for rind puncture or stalk pinch. 

Hybrid by date interaction for rind puncture was highly sig-

nificant in 1982 only. 

Considerable additive genetic variation associated with 

GCA was detected for rind strength as measured by rind punc-

ture in elite Corn Belt germplasm. The rind penetrometer 

appears to be a useful tool to aid the breeder in identify-

ing genotypes with superior rind strength, which in turn is 

a component of total stalk strength. 
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