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ABSTRACT

A diverse set of corn (Zea mays. L.) genotypes was grown at the

Plant Science Field Laboratory, Knoxville, Tennessee, and at the Plateau

Experiment Station, Crossville, Tennessee, in 1980. The objective of

the experiment was to evaluate the effects of various environmental

conditions on agronomic performance. Environmental effects were loca

tion, time of nitrogen fertilizer application, and plant population

level. Yield and ten other traits were measured on eight hybrids,

five open-pollinated varieties, and three exotic varieties. Severe

environmental conditions resulting from below normal rainfall occurred

at both locations in 1980.

Open-pollinated and exotic varieties did not outperform hybrids

with respect to yield under any combination of treatments. Hybrids were

less responsive to environmental differences due to population level,

fertility, or location than were varieties.

Significant location differences were found, with performance

being better at Knoxville than at Crossville for most traits measured.

Plant population level also had a significant effect on performance.

Yields were highest at the intermediate population density of 43,000

plants per hectare. Stalk lodging increased, while prolificacy and

tillering decreased, as population density increased from 25,000 to

61,000 plants per hectare. Variation in the timing of nitrogen

fertilizer application had little effect on the traits studied. When

the entries were divided into hybrids, open-pollinated varieties and
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exotics, significant differences among these type groupings occurred

for all independent variables.

There was no indication from the characteristics evaluated in

this study that genetically heterogenous varieties would be preferred

over hybrids in the set of environmental conditions considered. It

would appear that, at least in the short term, germplasm selected for

high yield using current cultural practices would be the preferred

germplasm source for hybrid development under slightly modified cultural

practices.
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CHAPTER I

INTRODUCTION

Genotype x environment interactions are frequently observed in

genetic studies (4) and plants selected for a specific trait in one

environment may show different responses if evaluated in another

environment (15). Since selection response is partially dependent on

the selection environment, a variety selected for several generations

under optimum growing conditions may perform poorly in a less suitable

environment. The response to stress conditions by a variety selected

under optimum growing conditions may be less favorable than the

response by a variety selected in a stress environment (1). By select

ing for desirable plant types under optimum growing conditions a bias

may develop toward varieties performing well under optimum environmental

conditions while varieties with a wide range of general adaptability may

be passed over.

Russell and Teich (27) found that lines selected in high population

environments are not necessarily the superior ones when grown at low

populations. Lines selected at high populations have performed better at

high populations than lines selected at low populations and grown in a

high stand density environment.

While all plants within a hybrid variety have essentially the same

genetic make-up, every plant within an open-pollinated variety is

potentially a different genotype (3). Whereas all plants within a hybrid

variety will be affected equally by a set of environmental conditions,
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not all plants within an open-pollinated variety will react in a similar

manner to the same environment. Therefore, if the environment elicits a

negative response in a crop, the overall effect may be less for an open-

pollinated variety which has many different genotypes than for a hybrid

(16). This indicates that open-pollinated varieties possibly have a

greater environmental buffer capacity and are overall more homeostatic

with respect to growing conditions (10). If environmental stress con

ditions cause a reduction in yield for hybrids which is greater than the

reduction for an open-pollinated variety, it may be profitable under

these circumstances to grow the open-pollinated variety. It also might

become feasible to use a low fertility environment to select new lines

from the open-pollinated variety and develop hybrids that are similar to

the variety in their response to fertility level.

Evidence which supports the favorable response of open-pollinated

varieties over hybrids when grown under reduced cultural and fertilizer

input conditions may be found in research done in Tanzania by Bolton and

Scaife (8). It was shown that local open-pollinated varieties yielded

better than African hybrids when grown under traditional cultural

practices including no fertilizer, no insecticides and low plant popula

tions. When cultural practices were altered by higher plant populations

and addition of fertilizer, hybrids responded to a much greater degree

than did local varieties. With unstable environmental conditions it was

suggested that varieties with a wide genetic base, e.g., composite

varieties, may be the most useful because such varieties may be improved

to their most efficient level through recurrent selection. Other

evidence supporting the use of open-pollinated varieties over
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nonadapted hybrids in a less than optimum environment may be found in

Tennessee variety yield data (24). In 1948, in a comparison of hybrids

and varieties in Tennessee, the hybrids, which were developed in the

Corn Belt, were frequently lower yielding than local open-pollinated

varieties under testing conditions in Tennessee.

An ideal variety is one that has a high degree of phenotypic

stability over many different sets of environmental conditions while

maintaining desirable agronomic characteristics (10). Because hybrids

traditionally have been developed to respond to high fertilizer and low

weed competition environments, one might expect that with reduced

fertilizer and weed control open-pollinated varieties would compete

favorably with hybrids. The rate of plant improvement may be increased

by examining older open-pollinated varieties as well as modern hybrids

which have been selected under high fertility, low weed competition

environments (16).

Components of the environment which may be manipulated easily

include stand density, fertility level, and cultivation. By manipulating

these components and studying the effects on agronomic characteristics

maximum use of available resources may be achieved.

The objective of this study was to evaluate several diverse corn

(Zea mays L.) types with respect to their response to cultural practices

including reduced tillage, different stand density levels, and the inter

action with different fertilizer applications. A comparison was made

among open-pollinated, hybrid, and exotic varieties.



CHAPTER II

LITERATURE REVIEW

Plant Populations

Allen and Darrah (5) found that for two maize hybrids in Kenya

there was a significant response to selection for increases in fertilizer

nitrogen and plant population. Yield increases from additional nitrogen

increments and higher populations were greater for each subsequent cycle

of three cycles of selection.

Glenn and Daynard (17) have shown that plant to plant variability

in height in maize is greater with increasing plant populations and that

grain yield is adversely affected by variability in plant height.

Stringfield (33) has stated that corn yields per unit area, as a

function of population, will increase linearly up to approximately 2000

plants per acre under adequate climatic conditions. At some point after

this, yield will not increase at the same rate as population. This

point may be described as the "minor crowding point." Yield will then

increase at some diminishing rate until the point of "major crowding"

is reached. At this point each additional increment of stand will reduce

yield. The desirable population for producing maximum corn yield occurs

somewhere between 1000 and 5000 fewer plants per acre than the population

at which the "major crowding" point is reached even when climatic

factors are not limiting. This is because lodging occurs at high

populations.
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Another description of plant yield-density relationships has been

proposed by Holliday (20). The equation Y=a+bx-cx^ describes the

relationship between seed or grain yield and stand density, where Y =

yield per unit area, x = plant population, and a, b, and c are regression

constants. The equation Y=ax 1/1+abx (a rectangular hyperbola) where a

is apparent maximum yield per plant, x = plant population, and b is a

regression constant, describes the relationship between biological yield

and stand density. Maximum seed yield under nonlimiting environmental

conditions will occur at approximately the point where biological yield

levels off. In reality, environmental constraints do occur with

increasing stand density under normal field growing conditions. Light

becomes a limiting factor in the production of grain because interplant

shading results in poor silk development. Water may also become a

limiting factor to grain development, because at high plant populations

the water supply may become exhausted before grain formation begins.

Whereas in theory maximum seed yield occurs at about the point where

biological yield levels off, in actuality environmental factors cause

optimum stand density for grain production to be below this point. From

this it may be seen that optimum stand density will vary depending upon

whether corn is grown for silage or for grain. Corn for grain is usually

planted in the 10-30,000 plants per acre range, while silage corn is

planted at higher rates of 40,000 plants per acre and above.

Holliday (20) also noted that increased barrenness and smaller

ears resulted from high plant populations and other stress conditions.

Stinson and Moss (32) have shown that high populations will cause

more shading among plants resulting in more barren plants. Although
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shade tolerant hybrids are available, a reduction in yield will occur in

both tolerant and intolerant hybrids when planted at very high densities.

The reduction in yield has been attributed to barrenness. Shade will

reduce stalk diameter in both tolerant and intolerant hybrids, but not

to such a degree as to cause significant stalk breakage. Plants grown

in shade are generally taller than plants grown in full sunlight and

this may contribute to lodging. They concluded that a hybrid tolerant

to shade conditions resulting from high plant populations should have

a short pollen to silk interval to assure that viable pollen and silks

are available at the same time. Smaller tassels and high grain

production per unit leaf area were other characteristics associated with

population tolerant hybrids.

Dungan et al. (12) have shown that high plant populations

generally cause plants to mature later than when they are grown at normal

populations. They found that shelled kernels from 8, 12, 16, and 20

thousand plants per acre in northern Illinois contained 19.3, 20.2, 20.8,

and 21.2% moisture at harvest respectively.

Alessi and Power (2) found in an experiment with dryland corn in

Mandan, N.D., that there is an interaction between population and forage

or grain yield. Grain yield was affected by population depending on when

moisture stress occurred. It was shown that a lack of water during

grain formation was the limiting factor. Drought conditions were shown

to affect female more than male flowering in corn in an experiment by

Herrero and Johnson (19).

Stickler (31) in Kansas and Duvick (13) in Iowa found fewer

barren plants at lower plant populations than at high populations.

■/
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Josephson (21) has shown that prolific hybrids are better able to

compensate for poor stands. He found that increasing plant densities

caused the number of ears per 100 plants to decrease. Prolific hybrids

revert to single-eared plants under higher plant densities which is an

advantage under high planting rates. Collins et al. (9) have also found

that two-eared hybrids yield more consistently across changing plant

densities and that two-eared type hybrids out-yield single-eared types

at low plant densities.

Josephson (21) contended that "fertility and moisture conditions

are too variable in the South to hazard growing high populations of

plants." He found that a prolific variety had higher yields than a

single-eared variety at 9,170 and 18,341 plants per acre. This was

attributed to the fact that single-eared varieties adjust to adverse

environmental conditions by changes in ear size or barrenness. While

grain weight per ear decreased with increased populations in a single-

eared variety, it remained relatively constant in a prolific variety.

Fertility

Lang et al. (22) have shown that grain yields will increase with

increasing soil productivity at levels of stand density from 8-24,000

plants per acre. When the "major crowding" point is reached, regardless

of soil productivity, yields will decline. Soil productivity may be

described in terms of such factors as available water holding capacity,

fertility, structure, texture, degree of slope, and moisture supplying

capacity.

Dungan et al. (12) have found that fewer tillers per plant will

be formed on soils of high productivity as population density increases.
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Low productivity soil will produce plants with less tillering than will

high productivity soils. If tillers are excessive in number, optimum

plant density probably has not been reached. They also reported that the

capacity of an individual corn plant to produce an ear of given weight

will vary under different stand densities. On highly productive soil,

while yield will increase with the population to the "maximum crowding"

point, they reported that the weight of each ear per plant declined.

The authors concluded that while yield of corn will increase linearly

with population in uncrowded conditions, fertility becomes a more

limiting factor at high populations.

Tillage

A reduction in tillage practices in corn has been the focus of

interest for many researchers. Andrew et al. (6,7) grew corn at different

population levels and fertility levels with minimum tillage. They found

that corn produced from reduced tillage practices yielded comparable with

corn produced with conventional tillage methods.

Raghaven et al. (26) and Cook (11) cited the advantage of less

soil compaction with less tillage. Larson (23) reported advantages of

reduced water runoff and less erosion with reduced tillage.

In addition to comparable yields of corn produced via reduced

tillage versus conventional methods, there are economic advantages to

reduced tillage methods. Cook (11) points out that much less mechanical

labor is required for reduced tillage than for conventional tillage.

This results in less fuel consumption and reduced depreciation on

machinery.



CHAPTER III

MATERIALS AND METHODS

Entries Included in the Experiment

Genotypes for this study were chosen to represent an array of

germplasm available to corn breeders. A total of fourteen open-

pollinated, synthetic, and hybrid seed sources were grown at the Plant

Science Field Laboratory at Knoxville and at the Plateau Agricultural

Experiment Station near Crossville. A fifteenth entry was not common

to both locations.

Open-pollinated varieties in the experiment included: 'Jarvis,'

'Jellicorse,' and 'Neal Paymaster.' Two synthetic varieties, 'SGP,' a

mixture of southern germplasm sources, and 'TLLE-9,' a synthetic

selected on the basis of low ear placement, were used. Three varieties

which have been termed exotic were evaluated in the experiment. These

were: 'Zapalote Chico,' a Mexican variety with small ears and very

tight husks, 'Cow Corn,' a prolific variety producing several very small

ears, so called because the ears resemble nubbins which are useful as

cattle feed and 'Huffman,' a variety producing few but very large ears.

Eight hybrids were included in the experiment. Those developed at The

University of Tennessee were 'T7100,' 'T5009,' 'TlllxTllS,'

'75:1683x75:1684' (a cross with Teosinte incorporated early in its

development), and 'T505,' a doublecross hybrid which was evaluated only

at Crossville. Two commerical hybrids included were 'Pioneer 3147' and
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'DeKalb XL390B.' A single cross from North Carolina, 'NCJRIO x NCIRIO,'

was evaluated only at Knoxville.

Cultural Practices

At Knoxville the experimental site had been planted in soybeans

in 1979 and was plowed in the fall after harvest. Fertilizer (6-12-12)

was applied and disced in on April 10, 1980, at a rate of 1073.0 kg/ha.

The experiment was hand planted on April 23. Atrex, at a rate of

1.7 kg/ha, was applied on April 24. Ammonium nitrate was applied at a

rate of 212.4 kg/ha as a band between rows to half of the area on

April 24 and to the other half on June 6. The total nitrogen applied to

the field was 144 kg/ha. At Knoxville the experimental plot consisted

of two rows, 2.7 m long with 1.0 m spacing between rows and 0.9 m alleys

between plots.

Three different seeding rates were used. The low rate was 24 seeds

per plot subsequently thinned on June 5 to 14 plants per plot resulting

in a plant population of 25,100 plants per ha. The intermediate popula

tion was seeded at 40 seeds per plot and thinned on June 5 to 24 plants

per plot, resulting in a plant population of 43,100 plants per ha. The

high population was seeded at a rate of 54 seeds per plot and thinned on

June 5 to 34 plants per plot resulting in a plant population of 61,000

plants per ha.

After conventional seedbed preparation, at Crossville 165 kg/ha

of urea was broadcast and disced in on May 7. Atrex was applied at a

rate of 1.7 kg/ha on May 8. The experiment was hand planted on May 14.

Using a hand distributor, 165 kg/ha of urea was applied as a band between
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rows on May 28 on one-half the experiment, and on the other half on

June 13. The total nitrogen applied on the field was 151.5 kg/ha.

At Crossville the experimental plot consisted of two rows, 2.7 m

long with 0.90 m spacing between rows and 0.90 m alleys between plots.

The lowest of the three seeding rates at Crossville was 24 seeds

per plot thinned on June 13 to 14 plants per plot resulting in a plant

population of 26,400 plants per ha. The intermediate population was

seeded at a rate of 40 seeds per plot, thinned to 24 plants per plot

resulting in a plant population of 45,300 plants per ha. The high seed

ing rate was 54 seeds per plot, thinned to 34 plants per plot resulting

in a plant population of 64,100 plants per ha.

At both Knoxville and Crossville border rows were planted to

insure fair competition among plants. No cultivation or weed control

was practiced other than pre-emergence herbicide at planting.

Experimental Design

A modified randomized complete block design was used for the

experiment. To facilitate application of the fertilizer, the experiment

was blocked into two sections with respect to fertilizer treatments.

One section was fertilized at planting and the other sidedressed at a

later date. To facilitate planting and to insure equal competition

between plants, plant populations were arranged in a split plot across

both fertility treatments. The experiment was replicated four times at

each location. Plant populations were randomized within each replication.

Entries were randomized within each population in each fertility

treatment.
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Collection of Data

Several agronomic characters for each entry were measured during

the course of the experiment. The method of measurement for each of

these was as follows:

Yield. All ears were hand harvested on September 25 at Knoxville

and on October 14 at Crossville. Field weights were recorded to the

nearest tenth of a pound. At Knoxville moisture samples were taken from

each plot. At Crossville time permitted moisture samples to be taken

from only two replications. An average of these two replications was

computed for each entry and used as the percent moisture for the other

two replications. Field weights were expressed as bushels per acre and

converted to quintals per hectare on a 15.5% moisture basis.

Tillers per plant. Tillers were counted for each plot and

divided by the number of plants per plot.

Anthesis date. This date was when 50% of the plants in a plot

shed pollen on the center spike of the tassel.

Silking date. This date was when 50% of the plants in a plot had

visible silks.

Ear number per plant. Total ears per plot was divided by the

number of plants per plot.

Ear height. This was measured to the nearest tenth of a foot from

the ground to the first ear-bearing node for six plants per plot, from

which an average was obtained. Appropriate metric conversions were made

later.

Plant height. This was measured to the nearest tenth of a foot

from the ground to the tip of the center spike of the tassel for six
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plants per plot, from which an average was obtained. Appropriate metric

conversions were made later.

Bird damage. This was a subjective measurement based on the

percent grain per plot assumed to be destroyed by birds.

Root and stalk lodging. Root lodging was computed on the basis

of the number of plants fallen over at the root. Stalk lodging was

computed as the number of plants per plot broken below the ear.

Grain fill. This was a subjective measurement on a scale from 1

to 5 with 1 being nearly complete grain fill.

Husk length. This was computed on a per plot basis as the length

of the husk in cm over the tip of the ear.

Data were not collected at Crossvilie for the variables husk

length, bird damage, anthesis date, and silking date.

Statistical Analyses

Conversions were made to the appropriate metric units. All

calculations were made using the Statistical Analysis System 79 (SAS79)

on the IBM 360165 computer at The University of Tennessee Computer

Center. All tests of significance were made using the .05 probability

level.

The treatments of population level and fertility were considered

to be fixed effects while replications, locations, and entries were

considered to be random.

Means were computed for each dependent variable at each location,

fertility, and plant population in all combinations for each entry.
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The form of the analysis of variance is shown in Appendix

Table A-1 with expected mean squares. Analyses were computed for each

location separately and combined over locations.

In each analysis, interactions and main effects were tested using

the appropriate pooled error term as described by Snedecor and Cochran

(29) and Steele and Torrie (30).

Because of a possible fertility gradient across the field, and

based on the experimental design, the fixed effect of fertility and the

fertility x population interaction were not tested for significance.

For the fixed effect of population, an error term was synthesized

according to expected mean squares and complex F tests were carried out

according to the following formulas as proposed by Satherthwaite (28).

mc2
Degrees of freedom numerator =

mc2
ms

df

2
(ms, + mSp + mse)

Degrees of freedom denominator =
[(ms.|)^ + (ms2)^ + (mse)^]

F =
ms-j + ms2 - mse

Where ms = mean square of effect to be tested

ms.|, and ms2 = mean squares of main effect interactions

mse = mean square of the error term.

Duncan's Multiple Range tests at the .05 level of probability

were used to separate population and entry means for the appropriate

significant dependent variables (30).



CHAPTER IV

RESULTS AND DISCUSSION

Analysis of Yield

The average yield of all entries at both locations was 33.9 q/ha

with a range from 10.4 (Zapalote Chico) to 52.8 (Pioneer 3147) q/ha

(Table 1). One might have expected, based on the review of literature,

to see an open-pollinated variety perform better than some hybrids for

some combination of treatments,but the highest yielding open-pollinated

variety, Jellicorse (33.1 q/ha), did not yield as well as the lowest

yielding hybrid, DeKalb XL390B (43.3 q/ha).

Environmental conditions during the critical grain filling

period resulted in stress at both locations (Table 2). Comparison of

hybrid yields in this study with performance in more favorable years,

indicated that yields were depressed approximately 50% for the group of

hybrids. No comparisons of variety yields could be made since they had

not been evaluated in recent years. The yield depression for hybrids

was not great enough that their yield performance was below any open-

pollinated or exotic variety in spite of the greater environmental

buffering capacity of open-pollinated varieties. Means of all entries

may be found in Table 1 and all treatment means for yield may be found

in Appendix Tables A-2 and A-3. The highest yielding hybrid was

Pioneer 3147 (52.8 q/ha). The highest yielding open-pollinated variety

was Jellicorse (33.1 q/ha). The highest yielding exotic was Cow Corn

(23.7 q/ha).

15
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Table 1. Mean* yield over all fertility and population levels for corn
entries grown at Knoxville and Crossville in 1980, and means
of three plant populations averaged over all entries.

Entry
Location

Knoxville Crossville Two Location Mean

q/ha

Hybrids
NCJRlOxNCIRlO 51.4 a

Pioneer 3147 60.7 a 45.0 a 52.8 a

TlllxTllS 55.9 a 42.1 ab 49.0 a

T7100 58.6 a 36.3 abed 47.5 a

75:1683x75:1684 55.3 a 36.1 abed 45.7 a

T5009 58.0 a 32.6 bcde 45.3 a

DeKalb XL390B 56.3 a 30.9 cdef 43.3 a

T505 - 37.8 abc

Open-pollinated varieties
Jellicorse 39.3 b 26.8 def 33.1 b
SGP 37.4 b 24.5 ef 31.0 be
Neal Paymaster 36.6 b 20.8 f 28.7 be
TLLE-9 24.0 cd 18.7 f 21.3 c

Jarvis 24.7 cd 18.0 f 21.3 c

Exotic varieties
Cow Corn 30.1 be 17.2 f 23.6 be
Huffman 19.1 cd 3.5 g 11.3 d
Zapalote Chico 13.4 d 7.3 g 10.4 d

Low population 39.0 b 30.0 a 34.5 a

Medium population 43.4 a 27.4 a 35.4 a

High population 41.5 ab 22.2 b 31.9 b

*Means followed by a common letter do not differ at the 5% level
of significance based on the Duncan's Multiple Range Test. Only means
within a column may be compared.
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A significant location effect vms found for the dependent

variable yield. The analysis of variance may be found in Appendix

Tables A-4, A-5, and A-6 for the Knoxville, Crossville, and combined

locations, respectively. The location effect was greatest for the open-

pollinated variety Huffman, which had a reduction in yield of 81.5% from

Knoxville (19.1 q/ha) to Crossville (3.5). The hybrid with the greatest

reduction in yield from Knoxville to Crossville was DeKalb XL390B which

yielded 56.2 q/ha at Knoxville and 30.9 at Crossville, a 45% decrease.

Of the open-pollinated varieties, Neal Paymaster had the greatest

reduction in yield from Knoxville to Crossville. Its yield was reduced

43%, or from 36.6 q/ha to 20.8. No entry yielded better at Crossville

than at Knoxville. This may be explained by the harsher environment

existing at Crossville in terms of more severe drought conditions

(Table 2).

There was no significant fertilizer x location interaction for

the experiment. At Knoxville the sidedress treatment had a mean yield

of 43.7 q/ha and the pre-emergence treatment 38.9. At Crossville the

sidedress mean yield was 27.6 q/ha and the pre-emergence 25.4. Fertilizer

treatment means may be found in Appendix Tables A-2 and A-3.

While it can be said that generally the sidedress fertilizer

treatment caused a positive yield response, certain anamolies did exist.

Huffman and T7100 yielded better overall when the fertilizer was all

applied pre-emergence.

A significant plant population effect was observed for yield.

The intermediate population had the highest yield response, 35.5 q/ha,

the low population ranked next with 34.5 followed by the high plant
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population, 31.9 (Table 1). The middle and low populations probably did

better than the high population because of greater environmental stress

in the highest stand density due to more interplant competition. This

stress was multiplied by the existing drought condition as well as some

weediness due to reduced tillage. It should be noted, however, that the

drought conditions were such that weeds were not a highly significant

factor in the experiment.

A significant location x population interaction was found for

yield. Whereas at Knoxville the highest yield occurred at the middle

population, followed by the high and low populations respectively, at

Crossville the highest yield occurred at the lowest population, followed

by the middle and high populations, respectively (Table 1). The higher

yields at the lower populations at Crossville can be explained again by

the greater environmental stress occurring at this location.

There was no significant location x population x fertility effect

in the analysis over locations. At Crossville the highest yield occurred

at the low population for both fertility treatments. At Knoxville the

highest yield for both fertility treatments occurred at the middle

population. The point of "major crowding" (33) was reached at a lower

population at Crossville than at Knoxville.

Following the major effect of location, the greatest variation in

yield was attributed to differences among entries. Variability within

the exotic group was the greatest followed by open-pollinated and

hybrids, respectively (Table A-6, Appendix). Hybrids, open-pollinated

varieties, and exotic entries were significantly different as groups with

respect to yield. There was a significant location x entry interaction
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for yield. The location x exotic and location x open-pollinated

interactions were significant while the location x hybrid interaction

was not. This indicates a greater environmental stability in the yield

of hybrids, although one might have expected, on the basis of reports

in the literature, that open-pollinated varieties would be more

environmentally stable (16).

There were no significant effects due to fertilizer treatment x

entry or population x entry interactions in the combined analysis for

yield. Also, there were no significant three-way or four-way inter

actions for yield.

Analysis of Yield at Knoxville

At Knoxville there was a significant population effect on yield.

The greatest yield occurred at the intermediate population (43.4 q/ha)

followed by the high (41.5) and the low (39.0) populations (Table 1,

p. 16). While most entries followed the pattern of yielding highest at

the intermediate population, some exceptions did occur. Zapalote Chico

yielded better at the highest population as did Pioneer 3147. It is

interesting to note that these are the lowest and highest yielding

entries, respectively. Entries 75:1683 x 75:1684 and NCJRIO x NCIRIO

performed best at the lowest population although both of these entries

were somewhat yield stable over all three populations (Table A-2).

A significant entry effect on yield existed at Knoxville. The

range was from 13.4 q/ha (Zapalote Chico) to 60.7 (Pioneer 3147).

Significant differences among the three groups existed in yield with

hybrids yielding best (57.0 q/ha) followed by open-pollinated (32.3)

and exotic (20.9) varieties (Table 1).
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No significant yield differences were observed for the fertility

X entry interactions at Knoxville although a significant effect was

found within the exotics where Huffman yielded comparatively more at

the sidedress treatment than the other two exotics (Table A-2).

No significant population x entry yield interactions were

observed for the experiment at Knoxville although again a significant

interaction effect was found within the exotics where Huffman performed

best at the intermediate population and Zapalote Chico and Cow Corn

yielded best at the high population.

The entry x population x fertility interaction was not significant

at Knoxville for yield.

Analysis of Yield at Crossville

At Crossville there was a significant yield response to

population. The highest yield occurred at the lowest population

(30.0 q/ha) followed by the middle (27.4) and the high (22.2) popula

tions. Significant differences occurred in the population x exotic and

population x hybrid interactions, but not in the population x open-

pollinated variety interaction. The most stable entry at Crossville

was Zapalote Chico which yielded approximately seven q/ha regardless

of population level (Table A-3).

No entry did best at the highest population—again reflecting

the harsh environmental conditions at Crossville relative to Knoxville.

The only entry which performed better at the high population than at

the middle was Till x T115. Jarvis, Paymaster, Cow Corn, and T505 were

entries yielding better at the middle than the low population

(Table A-3).
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Yields of hybrids and open-pollinated varieties decreased with

increasing plant populations at Crossville. Exotics yielded slightly

higher at the intermediate than at the low population and yielded least

at the high population (Table 3).

Significant differences among entries occurred with respect to

yield. The range was from 3.5 q/ha (Huffman) to 45.0 q/ha (Pioneer

3147).

Significant differences in yield occurred among hybrids,

open-pollinated varieties, and exotics and within each of the type sub

groups. The highest yielding hybrid was Pioneer 3147, 45.0 q/ha

(Table 1, p. 16). The highest yielding open-pollinated variety was

Jellicorse (26.8 q/ha) and the highest yielding exotic was Cow Corn

(17.2). There was a significant fertility x entry interaction at

Crossville. Some entries responded best to the pre-emergence fertility

treatments (e.g.. Paymaster and T5009) and others to the sidedress

treatment (e.g., Jarvis and Pioneer 3147 (Table A-3).

Analysis of Ear Height

The average ear height for the experiment was 103 cm. The range

of ear heights was from 74 cm for TLLE-9 to 124 for Huffman (Table 4).

The low ear height of TLLE-9 is to be expected since it is a synthetic

selected for low ear height. The mean ear height for hybrids was

104 cm, for open-pollinated varieties, 101 and for exotics, 113.

There were significant location and fertility x location effects

on mean ear height. Plots which were sidedressed averaged 6 cm higher

ear heights than those fertilized pre-emergence (Tables A-7 and A-8,

Appendix).
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Table 3. Mean yields of hybrids, open-pollinated varieties, and exotics
grown at Crossville in 1980 for three plant population levels.

Plant Population Density
Types Low Medi urn High

- - q/ha

Hybrids 41.7 37.7 31.7

Open-pollinated 25.2 22.8 17.0

Exotics 9.8 10.0 8.0
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Table 4. Mean* ear height over all fertility and population levels for
corn entries grov/n at Knoxville and Crossvilie in 1980, and
means of three plant populations averaged over all entries.

Entry
Location

Knoxville Crossville Two Location Mean

cm

NCJRlOxNCIRlO 110 be •

Pioneer 3147 92 efgh 99 ab 90 c

TlllxTllS 89 gh 101 ab 90 c

T7100 100 def 99 ab 100 be
75:1683x75:1684 113 b 113 a 116 ab
T5009 104 cde 108 ab 106 be
DeKalb XL39GB 100 def 99 ab 100 be
T505 - 105 ab

Open-pollinated varieties
Jellicorse 96 efgh 110 a 103 be
SGP 105 bed 105 ab 106 be
Neal Paymaster 112 be 105 ab 109 abc
TLLE-9 60 h 89 b 74 d
Jarvis 98 defg 108 ab 103 be

Exotic varieties
Cow Corn 124 a 105 ab 116 ab
Huffman 130 a 117 a 125 a

Zapalote Chico 90 fgh 102 ab 97 c

Low population 101 a 105 a 103 a

Medium population 102 a 105 a 103 a

High population 101 a 105 a 103 a

*Means followed by a common letter do not differ at the 5% level
of significance based on the Duncan's Multiple Range Test. Only means
within a column may be compared.
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There was no significant population effect on mean ear height.

Ear height differed significantly among the entries, among hybrids,

among open-pollinated varieties, among exotics and among types.

There were significant location x entry and population x entry

interactions for ear height. Genotypes did not rank the same in ear

height at Knoxville and Crossville, nor did changes in population

density affect all genotypes in the same manner. Although these entry

interactions were significant, no pattern in response could be detected

when entries were grouped into hybrid, variety, or exotic categories

(Table 4).

Analysis of Ear Height at Knoxville

The only factor significantly affecting ear height at Knoxville

was genotype. Significant effects within hybrids, open-pollinated

varieties, exotics, and among these types were found. The height of

the ear ranged from 60 cm (TLLE-9) to 130 (Huffman) (Table 4).

Analysis of Ear Height at Crossville

The genotype was also the main factor affecting ear height at

Crossville. The mean ear height ranged from 89 cm (TLLE-9) to 117 cm

(Huffman). The range was less than at Knoxville with the lowest ear

height higher, and the highest, lower than at Knoxville (Table 4).

Although there was no overall population effect on average ear

height, the interaction of entry and population was significant

(Table A-5). Hybrid ear height was not affected by population, but

there were significant differences within open-pollinated and exotic

varieties in mean ear heights at the three different population density
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levels. It is interesting to note that TLLE-9 which has been selected

for low ear height had a mean ear height of 107 cm at the low popu

lation and 84 cm at the high population. Huffman responded in an

opposite manner with an average height of 107 cm at the low population

and 125 at the high (Table A-8).

Analysis of Plant Height

The average plant height for the experiment was 215 cm, with a

range from 188 cm for Zapalote Chico to 227 for Huffman (Table 5). The

mean plant height at Knoxville (207 cm) was significantly different from

that at Crossville (222) (Tables A-24 and A-25, Appendix).

Population had no significant effect on plant height (Table 5).

This is in contrast to the findings of Stinson and Moss (32) who found

higher plant populations produced taller plants.

Entries differed significantly with regard to mean plant height.

A significant interaction between entry and location also existed. No

entry was taller at Crossville than at Knoxville. The greatest differ

ence in plant height over the two locations was 27 cm, DeKalb XL390B,

while Zapalote Chico differed by only 4 cm (Table 5).

There was a significant population x entry interaction. This

was probably due for the most part to the exotics and particularly to

Zapalote Chico which was the tallest entry at the low population, but

was shorter than the other entries at the middle and high populations.

Huffman, another variety classified as exotic was the only other entry

which responded to population. It varied by 6 cm over the three stand

densities (Table 6).
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Table 5. Mean* plant height over all fertility and population levels
for corn entries grown at Knoxville and Crossvilie in 1980,
and means of three plant populations averaged over all entries.

Entry
Location

Knoxville Crossvi lie Two Location Mean

cm

NCJRlOxNCIRlO 248 a - -

Pioneer 3147 215 de 206 ab 209 abc

TlllxTllS 211 de 206 ab 206 be
T7100 237 abc 212 ab 225 ab

75:1683x75:1684 227 bed 211 ab 219 abc
T5009 230 abed 211 ab 219 abc
DeKalb XL390B 227 bed 201 ab 212 abc
T505 - - -

Open-pollinated varieties
Jellicorse 222 bed 212 ab 215 abc
SGP 229 bed 207 ab 219 abc
Neal Paymaster 237 abc 211 ab 225 ab

TLLE-9 198 ef 208 ab 203 cd
Jarvis 219 cd 213 a 215 abc

Exotic varieties

Cow Corn 211 de 196 ab 203 cd
Huffman 241 ab 215 a 228 a

Zapalote Chico 186 f 190 b 188 d

Low population 224 a 213 a 215 a

Medium population 225 a 207 a 215 a

High population 219 a 202 a 209 a

*Means followed by a common letter do not differ at the 5% level
of significance based on Duncan's Multiple Range Test. Only means
within a column may be compared.
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The population x location x entry interaction was also

significant. Zapalote Chico varied greatly in plant height with

increasing populations at Crossvilie but not at Knoxville. The

variation in plant height for Neal Paymaster over the three stand

densities was greater at Knoxville than at Crossville (Table 6).

Analysis of Plant Height at Knoxville

No significant effects on plant height due to population density

existed at Knoxville. However, the tallest plants were in the middle

population and the shortest were in the high (Table 5). Again this is

in contrast to the findings of Stinson and Moss (32).

Significant effects due to entry existed for plant height.

Entry NCJRIO x NCIRIO had the tallest plants (248 cm) and Zapalote

Chico the shortest (186).

There were no significant interactions influencing mean plant

height at Knoxville.

Analysis of Plant Height at Crossville

Plant height response at Crossville was similar to that observed

at Knoxville. Huffman again was tallest (215 cm) and Zapalote Chico the

shortest (190) (Table 5).

Although the effect of population on plant height was not

significant at Crossville, unlike at Knoxville the tallest plants were

found at the low populations rather than the intermediate (Table 6).

A significant population x entry interaction existed at

Crossville. Zapalote Chico had an average plant height of 190 cm at the

low population and 184 at the high population whereas 75:1683 x 75:1684
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had an average plant height of 209 cm at the low population and 213 at

the high.

Analysis of Root Lodging

Because there was essentially no root lodging at Crossville the

discussion of the variable response of root lodging must be confined

to the Knoxville location.

Root lodging was computed as the percent of plants not root

lodged at maturity. The only independent variable which had an effect

on root lodging was entry. The range of erect plants at maturity was

from 91% (Jellicorse) to 100% (TLLE-9, Pioneer 3147, 75:1683 x

75:1684, DeKalb XL390B). Root lodging in Jellicorse was significantly

greater than in those genotypes having 99% or more upright plants

(Table 7).

The dry season could account for the relatively small amount of

root lodging, especially at Crossville. High incidences of root

lodging often occur when rainfall is accompanied or followed by strong

winds. Saturated soil allows roots to be more easily pulled loose

under windy conditions, and root lodging may result. Since there was

a deficit of rainfall during the 1980 growing season, root lodging

occurred at a low frequency.

Analysis of Stalk Lodging

Stalk lodging was expressed as a percent of plants not stalk

lodged at maturity. The mean number of erect plants for the experiment

was 84.5%. A significant location effect occurred with 82% erect

plants at Crossville and 87% at Knoxville (Table 7). Because of the
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more severe environmental conditions at Crossville, the plants were

generally smaller with smaller diameter stalks. This may have contribu

ted to the relatively greater amount of stalk lodging at this location.

A significant fertility x location interaction was observed for

the experiment. Whereas there was no difference in the amount of

stalk lodging at either the sidedress or pre-emergence fertilizer

application treatments at Crossville, at Knoxville there was less stalk

breakage with the fertilizer being applied pre-emergence (89% erect

plants) as compared to the sidedress treatment (85% erect plants)

(Tables A-9 and A-10, Appendix).

Population density had an effect on stalk lodging. More stalk

breakage occurred at the higher populations than at the lower (Table 7).

This agrees with the findings of Stringfield (33).

Stalk lodging was significantly different among entries. The

range was from 73% (Cow Corn) to 94% (TLLE-9) plants erect (Table 7).

Significant differences occurred among types with exotics having the

greatest amount of stalk lodging. Stalk lodging was also significantly

variable within each group of genotypes (Table A-6).

A significant location x entry effect on stalk lodging occurred.

Most entries had more stalk lodging at Crossville, but Paymaster,

DeKalb XL390B, and Pioneer 3147 had more stalk breakage at Knoxville

(Table 7).

There were no significant fertility x entry, population x entry,

or higher order interaction effects on stalk lodging.

Hybrids, open-pollinated varieties, and exotics all had more

stalk lodging at the highest populations, however, the effects were

more dramatic in the hybrids than in the other two groups (Table 7).
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Analysis of Stalk Lodging at Knoxville

Stalk lodging at Knoxville ranged from 80% erect plants (Cow

Corn) to 96% erect plants (TLLE-9) (Table 7).

Increasing population caused more stalk breakage, with the low

population having 92%, the medium having 86%, and the high, 83% erect

plants (Table 7).

Entries varied significantly in the amount of stalk lodging.

There were no significant differences among types of entries in the

experiment, but significant variation did occur within each group

(Table 7).

A significant population x entry effect on stalk lodging

occurred at Knoxville. Some entries had more stalk lodging at the

middle population and some at the high (Table 8).

Significant population x hybrid effects were observed, but the

interactions of population with open-pollinated varieties and exotics

were not significant (Table A-4). This could be due to the more uniform

plant type of hybrids. The stalk diameters of open-pollinated varieties

would naturally be more variable and less susceptible to population

effects.

Analysis of Stalk Lodging at Crossville

Generally more stalk lodging occurred at Crossville than at

Knoxville. The range was from 66% erect plants for Cow Corn to 93%

erect plants for Pioneer 3147 (Table 7).

As in Knoxville, significant population effects on stalk breakage

occurred. The low population had 86% erect plants at maturity and the

high population 80%.
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Table 8. Mean percent of plants not stalk lodged for corn entries grown
at three population levels at Knoxville in 1980.

Low

Plant Population Density

Medi um High

Hybrids
NCJRlOxNCIRlO

Pioneer 3147

1111x1115
171 GO

75:1683x75:1684
T5009

DeKalb XL390B

89

96

94

96

96

88

97

- %

88

84

84

94

94
80

89

84

69

73

96

93

71

69

Open-pollinated varieties
del 1icorse
SGP

Neal Paymaster
TLLE-9

Jarvis

86
86

86

95

92

76

87
78
96

88

79

87

85

98

91

Exotic varieties
Cow Corn
Huffman

Zapalote Chico

80

95

95

76
92

89

83

83

86
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Significant differences among entries, among hybrids, among

open-pollinated varieties and among exotics were found. Exotics had

more stalk breakage than hybrids or open-pollinated varieties, 78, 83,

and 83%, respectively.

A significant fertility x entry interaction occurred at Crossville.

Although the mean number of stalk lodged plants was the same for both

fertility treatments, some entries lodged more as a result of the side-

dressed treatment and others due to the pre-emergence treatment

(Table A-10, Appendix).

There were no significant population x entry or higher order

interaction effects on stalk lodging at Crossville. DeKalb XL390B

lodged more at the middle population than at the low or high. Till x

Til5 had the most dramatic response as it dropped from 86% plants erect

at the low population to 71% at the middle and 56% at the high. Huffman

had practically no response to changes in population density (Table A-10).

Analysis of Grain Fill

Mean grain fill ratings for entries grown at Knoxville and

Crossville may be found in Table 9.

Based on the scale of subjective measurement from 1-5 there were

no significant differences in grain fill. The range was from 2.4-3.0.

Fill was generally better at Crossville than at Knoxville although an

effect of entry x location was significant where some varieties did

better at one location and others at the other.
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Table 9. Mean* grain fill rating** of corn entries grown at Knoxville
and Crossville in 1980, and means of three plant populations
averaged over all entries.

Entry
Location

Knoxville Crossville Two Location Mean

scale 1-5

NCJRlOxNCIRlO 2.3 cde —

Pioneer 3147 2.5 cde 2.8 abed 2.6 a

T111XT115 2.1 e 2.7 abed 2.4 a

T7100 2.5 cde 2.4 abed 2.4 a

75:1683x75:1684 2.3 de 2.8 ab 2.5 a

T5009 2.2 e 2.8 abed 2.5 a

DeKalb XL390B 2.8 bcde 2.3 abed 2.6 a

T505 2.6 abed -

Open-pollinated varieties
del 1icorse 3.1 abc 2.2 cde 2.7 a

SGP 3.0 bed 2.5 abed 2.7 a

Neal Paymaster 3.2 abc 2.2 de 2.7 a

TLLE-9 3.7 a 2.3 bed 3.0 a

Jarvis 2.9 bed 2.4 abed 2.7 a

Exotic varieties

Cow Corn 2.2 e 2.9 a 2.5 a

Huffman 3.2 abc 1.7 e 2.4 a

Zapalote Chico 3.3 ab 2.2 de 2.7 a

Low population 2.6 a 2.7 a 2.7 a

Medium population 2.8 b 2.4 b 2.6 b

High population 2.9 b 2.2 b 2.6 b

*Means followed by a common letter do not differ at the 5% level
of significance based on Duncan's Multiple Range Test. Only means
within a column may be compared.

**Rating scale 1-5, where 1 = complete grain fill.
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Analysis of Grain Fill at Knoxville

A significant response to population level was observed at

Knoxville. Fill was better at the low than at the intermediate and

high plant populations. This concurs with Holliday's (20) principle

of poor silk development due to interplant shading at high plant

population.

Entries differed significantly with respect to grain fill. The

range was from 2.1 to 3.7 on a scale of 1-5. The best grain fill was

with Till X Til5 and the worst was TLLE-9 (Table 9).

Significant variation occurred within hybrids, within

open-pollinated varieties, and within exotics. Hybrids had better fill

than either exotics or open-pollinated varieties.

Analysis of Grain Fill at Crossville

The range of grain fill ratings at Crossville was from 1.7

(Huffman) to 2.9 (Cow Corn) (Table 9). Significant entry effects on

grain fill existed as well as significant differences within hybrids,

open-pollinated varieties, and exotics. Poorer fill occurred in hybrids

than in exotics or open-pollinated varieties.

Population level had a significant effect on grain fill at

Crossville. The best grain fill rating at Crossville was at the high

population and the worst at the low population which was exactly opposite

the effect at Knoxville (Table 9).

A significant fertility x type effect was observed at Crossville.

Most open-pollinated varieties had better grain fill at the sidedress

treatment while exotics and hybrids had better fill with the pre-

emergence fertilizer treatment (Table A-12, Appendix).
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Analysis of Tillers per Plant

In contrast to many of the other characters studied there was

not a significant effect of location on the production of tillers. The

number of tillers per plant varied significantly among entries with a

range of from .02 for Zapalote Chico to .22 for Huffman (Table 10).

The interaction of fertility and location was significant.

Whereas at Knoxville the number of tillers per plant decreased from .11

with all fertilizer at pre-emergence to .07 with a sidedress treatment,

an opposite effect was found at Crossville where there were fewer tillers

per plant with the pre-emergence fertility treatment, .05, than with the

sidedress treatment .14 (Tables A-13 and A-14, Appendix). An explanation

of this difference may be that stress conditions occurred at an earlier

stage in plant development at Crossville (which was planted later) than

at Knoxville where the environmental stress due to drought was

experienced after the formation of most of the tillers.

Population level had a significant effect on the number of

tillers per plant (Table 10). As one would expect, plots with fewer

plants produced more tillers because of less interplant competition.

The location x population x fertility interaction was significant.

Whereas at Knoxville the most dramatic drop in tillers per plant occurred

as population increased at the pre-emergence fertility treatment, at

Crossville the largest drop occurred with the sidedress treatment

(Tables A-13 and A-14).

There were significant entry, hybrid, open-pollinated variety,

and exotic effects on tillers per plant. The interactions of these

variables with location were also significant. At Crossville there was
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Table 10. Mean* number of tillers per plant for corn entries grown at
Knoxville and Crossvilie in 1980, and means of three plant
populations averaged over all entries.

Entry
Location

Knoxville Crossville Two Location Mean

no.

NCJRlOxNCIRlO 0.22 a

Pioneer 3147 0.00 c 0.03 c 0.02 c

TlllxTllS 0.02 c 0.03 c 0.03 be
T7100 0.03 c 0.05 be 0.03 be
75:1683x75:1684 0.12 abc 0.23 a 0.18 ab
T5009 0.05 c 0.07 abc 0.05 be
DeKalb XL390B 0.04 c 0.04 c 0.03 be
T505 - - -

Open-pollinated varieties
dellicorse 0.11 abc 0.06 abc 0.08 abc
SGP 0.21 ab 0.10 abc 0.15 abc
Neal Paymaster 0.07 be 0.07 be 0.07 be
TLLE-9 0.20 ab 0.12 abc 0.16 abc
Jarvi s 0.09 abc 0.11 abc 0.10 abc

Exotic varieties
Cow Corn 0.02 c 0.08 abc 0.04 be
Huffman 0.22 ab 0.21 ab 0.22 a

Zapalote Chico 0.02 c 0.01 c 0.02 c

Low population 0.21 a 0.19 a 0.17 a
Medium population 0.05 b 0.07 ab 0.16 a

High population 0.03 b 0.02 b 0.02 b

*Means followed by a common letter do not differ at the 5% level
of significance based on Duncan's Multiple Range Test. Only means
within a column may be compared.
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very little difference among any of the entry types with respect to

tillers per plant. At Knoxville the open-pollinated varieties averaged

approximately twice as many tillers per plant as the hybrids or exotics

(Table 10).

The interactions of population with entry, type, hybrid,

open-pollinated varieties, and exotics were all significant. All entries

whether taken as a whole or as subgroups responded with less tillering

as population increased. The differences among entries, types, and

entries within subgroups were ones of degree. Some entries dropped more

drastically between the highest and successively lower plant populations

than others (Tables A-13 and A-14).

Analysis of Tillers per Plant at Knoxville

The mean number of tillers per plant was .09 (Table 10), with a

significant population effect. The greatest drop in number of tillers

per plant was between the low and middle population where the number of

tillers dropped from .21 to .05. Between the medium and high the

decrease in number of tillers per plant was only from .05 to .03.

The effect of fertility x population was not significant at

Knoxville. For both fertility treatments the drop in tillers per plant

with increasing stand density was approximately the same (Table A-13).

The significant difference in the number of tillers per plant

produced by the different entries is evidenced by the range where Huffman

produced .22 tillers per plant and Pioneer 3147 produced none.

The entries were significantly different in their response to

population levels. As in the overall analysis, at Knoxville the
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differences in entry response to population were ones of degree. As

plant population increased the number of tillers decreased in all

entries.

The greatest tiller production at Knoxville was by NCJRIO x

NCIRIO at the low population where .55 tillers per plant were produced.

Other high tillering entries were Huffman (.46), SGP (.44) and TLLE-9

(.40) (Table 10).

A significant difference in type occurred with respect to the

number of tillers produced. Open-pollinated varieties produced more

tillers than hybrids or exotics (Table 10). An explanation might be

that inbred parents and hybrids may have been selected for low tiller

production since tillers on female parents are undesirable in seed

production.

The drop in tillers per plant with increasing populations was

greater for open-pollinated varieties than for hybrids, but the number

of tillers produced by open-pollinated varieties at the medium and low

populations was still higher than the hybrids at these population

densities.

Analysis of Tillers per Plant at Crossville

The average number of tillers per plant produced at Crossville

was .10 (Table 10), and the effect of population on tiller production

was similar to that at Knoxville.

The entry x population x fertility interaction was significant

at Crossville. Most entries had greater reductions in tillering with

increasing plant populations for the sidedress fertility treatment, but
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some were reduced more than others. T505 went from .21 tillers per

plant at the low population to .05 at the medium population with the

pre-emergence fertility treatment and from .95 to .06 at the low and

medium population levels, respectively, with the sidedress treatment.

TLLE-9 increased from .04 to .07 in tillers per plant from the low to

medium population at the pre-emergence fertility treatment, and a

decrease of from .45 to .11 with the sidedress treatment (Table A-14).

The greater stress conditions at Crossville early in the season

may have inhibited tiller production to the point where response to

fertilizer applied pre-emergence was not evident. At Knoxville the

growing conditions were such that plants could make use of fertilizer

applied pre-emergence and tillering response to population levels was

evident.

Analysis of Ear Number per Plant

The mean ear number per plant at Knoxville, Crossville and the

two locations combined are presented in Table 11 for each entry, along

with the means of the three plant population levels.

Prolific corn varieties when exposed to environmental stress

conditions tend to have less barrenness than single-eared genotypes.

For this reason the relative ranking with respect to ear number per

plant was studied.

The range of prolificacy was from 0.3 ears per plant for Huffman

to 1.6 ears per plant for Cow Corn. Huffman produced the largest ears

of any entry and Cow Corn the smallest.

Significant differences in ear production occurred between

locations. With relatively less environmental stress at Knoxville, the
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Table 11. Mean* ear number per plant for corn entries grown at
Knoxville and Crossville in 1980, and means of three plant
populations averaged over all entries.

Entry
Location

Knoxvilie Crossville Two Location Mean

no.

NCJRlOxNCIRlO 1.3 be -

Pioneer 3147 1.1 de

o

00

de 0.9 cd
TlllxTllS 1.5 b 1.1 be 1.3 b
T7100 1.0 ef 0.7 ef 0.8 de
75:1683x75:1684 1.3 be 1.2 ab 1.3 b
T5009 1.2 cd 0.9 cd 1.1 c

DeKalb XL390B 1.1 d 0.7 ef 0.9 cde
T505 - 0.9 bed -

Open-jDollinated varieties
dellicorse 1.0 ef 0.8 de 0.9 cde
SGP 0.9 efg 0.6 ef 0.8 def
Neal Paymaster 1.0 ef 0.7 ef 0.8 def
TLLE-9 0.7 gh 0.6 ef 0.7 ef
Jarvis 0.7 gh 0.5 f 0.6 f

Exotic varieties
Cow Corn 1.9 a 1.4 a 1.6 a

Huffman 0.5 h 0.1 g 0.3 g
Zapalote Chico 0.9 fg 0.6 ef 0.7 def

Low population 1.3 a 1.1 a 1.2 a

Medium population 1.0 b 0.7 b 0.9 ab
High population 0.8 b 0.5 c 0.7 b

*Means followed by a common letter do not differ at the 5% level
of significance based on Duncan's Multiple Range Test. Only means
within a column may be compared.
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average ear number produced per plant was 1.1. Crossville produced an

average of 0.8 ears per plant.

One would expect that with increasing plant population the

production of ears would be reduced due to interplant competition for

available nutrients and sunlight (13,20). This in fact was the case.

The low population had an average ear production of 1.2 ears per plant,

the medium 0.9 and the high 0.7. The difference between the low and

high plant populations was significant at the .05 level.

Significant differences in ear production occurred among entries

and among types. Significant differences also occurred within each

subgroup of entries. Hybrids averaged 1.1 ears per plant, open-

pollinated varieties 0.37, and exotics 0.9 (Table 11). The greatest

variation by far in ear production was within the exotics. The least

variation was within open-pollinated varieties (Table A-6).

The location x entry interaction was significant. No entry

produced more ears at Crossville than at Knoxville, although the

reduction in prolificacy varied among entries. Hybrid entries did not

vary significantly between locations.

The fertility x entry interaction for ears per plant was not

significant, nor was the fertility x location x entry interaction.

Slight differences in entry response to fertility and location treatments

did occur (Tables A-15 and A-16, Appendix). At Knoxville, entries

generally produced slightly fewer ears with the pre-emergence fertility

treatment. At Crossville most entries did not change. The differences

were very slight between locations and fertility treatments and

nonsignificant.
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The population x entry and the population x entry x location

interactions were significant for ear production. The open-pollinated

varieties did not vary significantly in their prolificacy with increasing

stand densities. Exotics had the greatest response to increasing popu

lation. While Huffman showed no effect with increasing population,

Zapalote Chico produced slightly fewer ears per plant with successive

population increases and Cow Corn prolificacy was reduced greatly with

increasing stand density (Tables A-15 and A-16). Since generally fewer

ears per plant were produced by all entries at Crossville, the reduction

in prolificacy with increasing plant populations was not as large as at

Knoxville.

Analysis of Ear Number per Plant at Knoxville

As in the overall analysis, the most prolific entry was Cow Corn

and the least prolific entry was Huffman. Cow Corn produced 1.9 ears

per plant and Huffman 0.5 (Table 11).

A significant response to population level was observed at

Knoxville. The numbers of ears per plant produced at the low, medium and

high populations were 1.3, 1.0 and 0.8, respectively. The ear production

at the low population was significantly different from that at the two

higher populations.

Entries varied significantly in ear production per plant.

Differences also occurred among types. Hybrids were the most prolific

group with an average of 1.2 ears per plant. Exotics and open-pollinated

varieties had 1.1 and 0.9 ears per plant, respectively (Table 11). The

greatest variation occurred among exotics. The population x entry
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interaction was significant for ear number per plant. All entries

produced fewer ears per plant with increasing plant populations

(Table A-15). Some entries were reduced in ear number less dramatically

than others. Open-pollinated varieties did not vary significantly in

prolificacy with increasing population levels (Table A-15).

Analysis of Ear Number per Plant at Crossville

As at Knoxville, the most prolific variety at Crossville was Cow

Corn (1.4 ears per plant) and the least prolific Huffman (0.1 ears per

plant) (Table 11).

The response to plant population level with respect to ear

production was significant. The low, medium, and high populations

elicited responses significantly different from each other. The low

population had an average ear production of 1.1, the medium 0.7, and

high 0.5 (Table 11).

Differences among entries, types and within hybrids,

open-pollinated varieties and exotics were significant. Hybrids were

most prolific followed by exotics and open-pollinated varieties, 0.9,

0.7, and 0.6, respectively. Entry Till x T115 was the most prolific

hybrid (1.1 ears per plant), and dellicorse was the most prolific open-

pollinated variety (0.8 ears per plant) (Table 11).

There was no significant difference observed in response to

fertility treatments.

A significant population x entry interaction was observed but only

the population x exotic interaction was significant of the subgroups.

Differences in the degree of reduction in prolificacy existed over all
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entries (Table A-16). The amount of prolificacy reduction with

increasing plant population was about the same within hybrids and open-

pollinated varieties. Yet the hybrids were generally less barren due to

the greater number of ears they produced per plant.

The entry x population x fertility response with respect to ear

number produced was not significant. Among entries, the amount of

prolificacy reduction with increasing population was approximately the

same with both the pre-emergence and sidedress fertilizer application

(Table A-16).

Analysis of Days to 50% Pollen Shed (Anthesis) at Knoxville

Fifty percent male flowering occurred between 72 and 87 days after

planting for the entries evaluated. Zapalote Chico reached 50% pollen

shed earliest at 72 days and Huffman flowered latest at 87 days

(Table 12).

Population level had a significant effect on anthesis. The

higher the stand density, the later anthesis occurred. This is consistent

with the findings of Dungan et al. (12). The mean number of days to

anthesis at the low population was 75 as compared to 76 and 77 days at

the medium and high populations, respectively.

Significant differences in days to anthesis occurred among entries,

among types and within each subgroup. Open-pollinated varieties reached

anthesis in an average of 75 days, hybrids in 76 days and exotics in 79

days. All entries reached anthesis between 74 and 78 days after planting

except two exotic varieties, Huffman (87 days) and Zapalote Chico (72

days (Table 12).
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The only other significant treatment effects on anthesis were the

population interactions with open-pollinated varieties and exotics.

Zapalote Chico flowered later at the middle population than at the low

or high while the other exotics flowered progressively later with popu

lation density increases (Table A-18, Appendix). Among the open-

pollinated varieties, differences between the low and medium populations

occured in Paymaster, TLLE-9, and SGP, but not in Jarvis or Jellicorse

(Table A-18).

Analysis of Days to 50% Silking at Knoxville

Days to 50% silking ranged from 74 to 94 days after planting.

Zapalote Chico reached 50% silking first, and Huffman, last (Table 12).

Population level had a significant effect on days to silking.

The greater the stand density, the later the plants reached 50% silking.

The low plant population plots reached 50% silking in 79 days, the

medium in 80 days, and the high population in 81 days (Table 12).

Significant differences occurred among entries, among types and

within each subgroup. Hybrids silked first in an average of 79 days,

open-pollinated varieties next in 80 and the exotics last in 83. The

late average days to silking in exotics can be explained by Huffman

being much later (94 days) than any other entry.

The population x entry and population x type interactions were

significant with respect to silking date. Differences among entries

with respect to their response to population level may be described as

ones of degree as every entry flowered later with the higher stand

densities (Table A-17, Appendix). There was a difference of three days
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between the low and high population silking dates in the open-pollinated

varieties and two days in hybrids and exotics (Table A-17). The fer

tility X treatment interactions were not significant for days to 50%

silking.

Analysis of the Silking Interval at Knoxville

The number of days from first silk appearance until 50% silking

ranged from 3 to 7. Huffman took longer to reach 50% silk after the

appearance of the first silks. Entries Till x T115, 75:1683 x 75:1684,

and T5009 all took three days to reach 50% silk stage (Table 12).

Significant differences occurred in the silking interval among

entries, among types and within hybrids and exotics. Hybrids had a

silking interval of four days, open-pollinated and exotic varieties had

a five-day interval (Table 12).

The only other significant treatment effects on silking interval

were the fertility x entry interaction and fertility x exotic interaction.

Among the exotics. Cow Corn silked two days longer with the pre-emergence

fertilizer application and Huffman silked two days longer with the side-

dress treatment (Table A-17). This could be because Cow Corn matured

earlier than Huffman and the effects of the sidedress fertilizer were

not as pronounced.

Analysis of the Pollen Shed Interval at Knoxville

The time from first pollen shed until all plants in a plot were

shedding pollen ranged from 4.7 to 10.7 days. Entry 75:1683 x 75:1684

had the shortest pollen shed interval and Huffman the longest (Table 12).
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The effect of population level on the pollen shed interval was

significant. The pollen shed interval increased as the population level

increased. However, the difference was approximately one day between

the two extreme stand densities.

Significant differences among entries, among types, and within

hybrids and exotics were observed. There were no differences among open-

pollinated varieties or hybrids. Hybrids, open-pollinated varieties,

and exotics had average pollen shed intervals of 5, 8, and 9 days,

respectively.

Analysis of Percent Bird Damage at Knoxville

Although it could be purely random, birds did damage some entries

more than others (Table 13). A correlation between bird damage and husk

length was not significant (r = -.23). Long husks did not seem to deter

birds except in the extreme case of Zapalote Chico which sustained

practically no bird damage due to its unusually tight husks. Huffman

also received little bird damage. This could be because Huffman produces

so few ears that birds are attracted to more productive varieties. In

fact two of the most productive entries. Pioneer 3147 and DeKalb XL390B,

sustained the most bird damage.

Other than the significant differences among entries and among

types, where hybrids received the most damage, only population level

affected the amount of bird damage significantly (Table 13). The more

dense the stand, the more damage from birds to the ears. This could be

because the denser stand provides more cover for the feeding birds.
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Table 13. Mean* percent bird damage and mean husk length for corn
entries grown at Knoxville in 1980, and means of three
plant populations averaged over all entries.

Entry Bird Damage Husk Length

% cm

Hybrid
NCJRlOxNCIRlG 4.4 ab 3.0 be

Pioneer 3147 5.0 a 1.8 c
1111x1115 4.6 ab 3.8 be
T7100 3.9 abc 4.1 be
75:1683x75:1684 3.4 abc 4.1 be
T5009 4.2 ab 3.0 be
DeKalb XL390B 4.8 ab 3.3 be

Open-pollinated varieties
Jellicorse 4.5 ab 3.5 be
SGP 4.4 ab 4.3 be
Neal Paymaster 3.6 abc 4.3 be
TLLE-9 3.8 abc 5.6 ab
Jarvis 3.1 abc 4.1 be

Exotic varieties
Cow Corn 1.5 be 6.9 a
Huffman 0.8 c 4.1 be
Zapalote Chico 0.8 c 7.1 a

Low population 3.1 a 4.3 a
Medium population 3.6 ab 4.1 a
High population 3.9 b 4.3 a

*Means followed by a common letter do not differ at the 5% level
of significance based on Duncan's Multiple Range Test.
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Analysis of Husk Length at Knoxville

Husk length, an important characteristic for protection of the

ear from insect, weather, and possibly bird damage, ranged from 1.8 cm

in Pioneer 3147 to 7.1 in Zapalote Chico (Table 13).

The only significant treatment effect on husk length was entry.

This indicates the high degree of genetic control of this morphological

trait. Husk length varied significantly between types. Exotics had an

average husk length of 6.1 cm, open-pollinated varieties 4.2 and hybrids

3.3.

i \



CHAPTER V

SUMMARY

The objective of this study was to determine the effects of

population levels and interactions with fertilizer application on corn

genotypes grown under reduced tillage conditions. Measurements taken

to determine these effects were yield, ear height, plant height, root

lodging, stalk lodging, grain fill, tillers per plant, ear number per

plant, anthesis dates, silking dates, bird damage, and husk length.

Experiments were conducted at Knoxville and Crossville and

analyses performed on each location separately and combined. Entries

were selected to be diverse and, as one would expect, significant

differences for all dependent variables were found among the entries.

Even though the drought conditions compounded environmental

stress, open-pollinated varieties of several different genotypes did not

out-perform hybrids in yield for any of the population or fertilizer

treatments.

Individual entries had certain desirable agronomic or morphological

characteristies. Huffman produced few but very large ears. Zapalote

Chi CO had extremely tight and long husks over the tip of the ear pro

viding for efficient earworm and bird damage protection. Zapalote was

the earliest and Huffman the latest maturing variety. Cow Corn was the

most prolific. It is obvious that the selected exotic varieties were

extreme for several traits. In fact, with the exception of root and

54
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stalk lodging, exotic varieties exhibited more variation for every

variable than either hybrids or open-pollinated varieties.

The most variable responses were obtained for tillers per plant

and yield. The least variable response was for root lodging. Very

little root lodging occurred generally in the experiment.

In general, open-pollinated varieties produced fewer ears than

hybrids, 0.8 versus 1.2, respectively. The open-pollinated varieties

which produced the most ears yielded less than the hybrid which pro

duced the least number of ears. Also, the highest yielding open-

pollinated variety yielded less than the lowest yielding hybrid. Yield

differences among hybrids were not significant, but were within open-

pollinated varieties and exotics. Since entries were planted later and

flowered later at Crossvilie than at Knoxville, they were exposed to

more severe conditions during the critical flowering-to-kernel filling

period.

The stress conditions were generally greater at Crossville, where

a more severe drought existed. Environmental stress increased as the

growing season progressed. Overall, the drought prevented many weeds

from infesting the plots. Therefore, the ability of the different

entries to compete with weeds could not be discerned.

No evaluation of the tillering contribution to yield could be made

because no significant amount of tillers bore ears, possibly due to

environmental stress. Few tillers were produced with any treatment

although significantly more were produced at the low population. Tiller

ing would only be desirable if the tillers bore ears and did not compete
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with the main stalk and potentially productive neighboring plants for

light and nutrients.

Since many independent variables contributing to bird damage,

i.e., habits of birds and weather effects, could not be assessed, only

a preliminary report could be made on the treatment effects on bird

damage and no conclusive statement should be made.

A general range of flowering dates was reported for all the

entries. Different environmental conditions could change the results

to some extent. The effect of population density on anthesis and silking

was significant, and similar to that reported in the literature (12).

Higher populations had longer intervals of both pollen shed and silking.

Except for ear and plant height, root lodging and husk length,

all dependent variables were significantly affected by population level.

This could indicate a relatively higher degree of genetic and lower

degree of environmental or genotype x environment effect for plant

height, ear height and husk length.

The interaction of entry x location was significant for all

dependent variables. Hybrids were generally more stable over locations

than open-pollinated varieties or exotics which is contrary to some

previous reports in the literature (10).

As a group, hybrids reacted similarly to changes in population

levels except for the variables stalk lodging, tillering, and ear number.

These were the variables most affected by changes in population density.

Open-pollinated varieties differed from hybrids in their reaction to

stand density in that the population x open-pollinated interaction for

ear number was not significant and the response to the population x
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open-pollinated interaction for ear height was significant.

Open-pollinated varieties generally had small reductions in their

production of ears with increasing populations whereas hybrids had ear

number reductions with increasing population densities that varied from

slight to moderate. However, the amount of barrenness was less than

that of open-pollinated varieties and exotics. The significant popu

lation X open-pollinated variety interaction for ear height may be

explained by the relatively greater variation occurring among open-

pollinated varieties for ear height.

Overall, the stability and lesser reduction in agronomic traits

that one would expect for open-pollinated varieties relative to hybrids

when environmental stress conditions occur was not expressed to the

degree where open-pollinated varieties become more attractive. In spite

of the wider genetic base and the theoretical greater buffering

capacity of open-pollinated varieties, they seemed to be affected about

as greatly as hybrids by the stress conditions. The reduction for hybrids

was not great enough to make open-pollinated varieties look attractive

economically even under stress conditions.

Current commercial corn hybrids have been selected for high yield

under a variety of testing conditions. In this experiment hybrids main

tained a yield advantage under several combinations of cultural practices.

Although the original focus of the experiment was to test different corn

genotypes under environmental stress conditions mainly due to weed com

petition, very few weeds grew in the experimental plots, probably due to

limited rainfall. If one extends the term stress to include anything

which interferes with optimum growing conditions the results due to
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weediness or drought stress may be similar. Using the term environmental

stress in this broad sense, some conclusions might be drawn from research

conducted under this particular set of environmental stress conditions

and possibly extended to describe the response of corn genotypes to less

than optimum growing conditions.

One of the objectives of this research was to determine what

germplasm might be most productive if limited resources caused a change

in the high input corn production practices used in the U.S. Based on

the results of this study, it would appear that germplasm selected for

high yield using current practices would also be highest yielding under

other cultural practices. A major change in production systems might

not require a return to relatively unimproved sources of germplasm.

Material selected for high yield under current conditions may be shifted

to a breeding program using an altered set of production practices and

still maintain an advantage over unimproved germplasm sources.
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VITA

Daniel Bruce Smith was born in Cincinnati, Ohio, on August 16,

1951. He moved to Plainfield, Indiana, in 1953 and attended elementary

and high school in that city. He received his Bachelor of Science

degree in August 1979 from The University of Tennessee, Knoxville. In

the Fall of 1979 he accepted an assistantship in Plant Breeding at The

University of Tennessee, Knoxville, and began study toward a Master's

degree. This degree was received in March 1982.

Mr. Smith currently owns and operates a farm in Hawkins County,

Tennessee.

He is married to the former Patricia Gale Williams of Oldenburg,

Indiana.
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