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CHAPTER I 

INTRODUCTION 

The average yield of com in Tennessee in 1961 was 43 bushels per 

acre (45). Present research indicates that the potential average yield, 

without irrigation and with existing levels of knowledge and technology, 

is probably in the range of 60 to 80 bushels per acre. Since the poten 

tial yield for Tennessee is considerably higher than the present yield, 

a project was initiated to determine some possible reasons for this 

situation. 

The Tennessee Valley Authority in cooperation with the Agri 

cultural Economics and Rtaral Sociology Department and the Agronomy De 

partment of the University of Tennessee designed a project known as the 

Trial Acre. Bradley County was selected as the test county for this 

study. The objectives of the project weres 

1. To ascertain who among farmers ctorrently producing com in 

the selected county or counties are non-users (defined here as those 

regularly using less than one-half of the minimal fertilizer recom 

mendation based on soil test). 

2. To determine some factors that tend to hinder the adoption 

of recommended fertilization and production practices. 

3. To measure differences in corn yields, production costs, 

and management factors under specified conditions. 

4. To determine the educational effectiveness of the trial-

acre method of presenting com fertilizer and associated production 

1 
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practices to non-users in tenns oft (a) changed attitudes toward IJie 

proper use of fertilizers on corn, (b) increased knowledge concerning 

the proper use of fertilizer in corn production, and (c) practices 

adopted following an experimental educational program.^ 

The project was initiated in June, 1960, and is scheduled to be 

completed during the 1963 fiscal yearo Huddleston gives a description 

of the project and reports the results of part of the work completed by 

the Agricultural Economics and Rural Sociology Department 

The objective of the agronomic phase of the program was to measure 

differences in corn yields using management information from com grown 

under farmers' management levels and under recommended management levels. 

When relevant management factors are determined, farmers can 

allocate their resources in a manner which will give them the best poss 

ible yield for the conditions imder Tiriiich they grow com. However, they 

must have information iidiich Tirill assure them that the selection of a 

given combination of management factors will result, with a high level 

of probability, in the maximum yield possible for their efforts. 

The data and information obtained from the agronomic pheise of 

the Trial Acre program are the basis of the study reported in this thesis. 

^Project Proposal. Changes in the attitudes, knowledge, and prac
tices of farmers participating in a UT-TVA Trial-Acre program. Unpub. 
University of Tennessee. Knoxville, Tennessee. 1960. 

2 
Huddleston, Norman R. Decision making patterns of farmers who 

grow com in two Tennessee covinties. Unpub. M.S. thesis. University 
of Tennessee, Knoxville, Tennessee. 1960. 
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The objectives of this study are three-folds (l) to determine a math 

ematical relationship^ in terms of a quadratic fvuaotion, between observed 

yields and vsuying levels of selected management factors for each of 

eight different sets of observationsj (2) to develop quadratic prediction 

equations that are "effective" in predicting com yields for each of 

these sets of observationsj and (3) to maJce an agronomic interpretation 

of the findings of this study. 

- . 



CHAPTER II 

LITERATDRE REVIEW 

A knowledge of tiie yields of corn that may be expected under a 

given set of conditions and with selected levels of management factors 

is highly desirable. 

Ninaerous methods of measuring the response of com to a given 

management factor or factors have been developed. Considerable research 

has been done using experimental designs which allow the measurement of 

com response to one or a very few factors, while holding all other 

factors constant. More recently work has been conducted whereby the 

relationships between several factors and com yield can be measured. 

Many plant nutrients are required for com production and pro 

minent among these nutrients is nitrogen. Com has a high nitrogen re 

quirement and each bushel of grain contains approximately one po\md of 

nitrogen (39). A crop of com producing 100 bushels of grain per acre 

will require from 160 to 215 pounds of nitrogen (20, 27, 39). Hunter 

and Yimgen (18) found that application of nitrogen fertilizers resulted 

in statistically significant increases in com yield in 10 out of 13 

experiments. They also fo\md that, in general, the higher yields were 

produced with greater populations, but the magnitude of the yield in 

creases resulting from the several levels of nitrogen was not related 

to plant population. Msiximxmi or near maximum yields were produced, in 

most cases, by the application of 100 pounds of nitrogen per acre. 

Several workers (20, 21, 39) have shown the relationship between 

4 
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plant population, applied nitrogen, and yield. Jordan, Laird, and 

Ferguson (21) reported that the production of dry matter increases 

with increasing nitrogen applications and with thicker stands, thus 

emphasizing the importance of balancing fertility and popiaation. They 

further state that .heavy stands might be expected to depress 

growth at low-fertility levels, but not where nutrients are adequate." 

Jordan (20) reports that as an average of several locations, 

the yield of com was increased from 22 b-ushels per acre with no ni 

trogen and 4,000 plants to 72 bushels per acre with 120 pounds of ni 

trogen and 12,000 plants. 

Adequate levels of nitrogen in the soil may be obtained by ap 

plying commercial nitrogen fertilizer, by applying manure, and/or by 

growing legumes in the cropping system (34). Variovis workers have 

attempted to evaluate the natural sources of nitrogen in relation to 

inorganic fertilizer nitrogen. Sutherland, Shrader, and Pesek (43) 

have shown that the amount of nitrogen provided by the meadow crop 

of a com—oats—meadow rotation ranged from 54 to 83 pounds per acre 

in 1958. 

Fribourg found that leguminous nitrogen was between 65 and 85 

percent as efficient as HH^NOj-nitrogen in increasing com yield. He 

also stated that "Availabiliiy of green manure nitrogen, as determined 

from the comparative yield responses to legumes and total nitrogen 

immobilization in com, was estimated to range between one third and 

two thirds of that contained in the legumes."® Stickler, Shrader, and 

3Fribourg, H. A. Comparison of leguminous green manures with ni 
trogen in rotations with com. Unpub. Ph.D. thesis. Iowa State Univ 
ersity, Ames, Iowa. 1954. p. 157. 
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Johnson (42) reported iiiat the mean corn~producing value of nitrogen 

from 19 legume green manures, as determined by first and second year 

data, was equivalent to that of 34 and 64 pounds of inorganic nitrogen 

per acre, respectively« 

Where no fertilizer or where a low rate of commercial fertilizer 

is applied, corn yields are more dependent upon the inherent fertilily 

of the soil than they are irtien adequate commercial fertilizer is ap 

plied. This is especially true for nitrogen. 

Jenny (19) foxmd that within regions of similar moisture con 

ditions the nitrogen and organic matter content of soils decrease 

from north to south in the United States. He also reported that the 

average com yield decreased from north to south, and suggested that 

the nitrogen and temperature relationship is one of the principal 

factors contributing to low com yields in the South. This suggests 

that where little or no nitrogen is applied to a soil, com yields 

would be higher on soils of high organic matter content than on soils 

of low organic matter content, all other factors being equal. Suther 

land, Shrader, and Pesek (43) found that high rates of nitrogen applied 

to continuous com Increased the organic matter levels above those con 

tained in soils taken from tmnitrated check plots, 

Jordan (20) found that phosphate and potash do not generally 

increase com yield when stands are maintained at approximately 4,000 

plants per acre and nitrogen fertilization is moderate. However, when 

plant populations and nitrogen are both increased, the need for phos 

phate and potash becomes evident and is sometimes acute. The defi-
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oienoies become progressiTely more severe as intensive cropping is re 

peated in successive yearso A 100-bushel crop of corn requires 50 to 

80 pounds of PgOg and 90 to 175 pounds of K2O per acre (20, 27, 39). 

According to Scarseth et al. (37), "Corn plants that are gronring 

in a soil very deficient in nitrogen, phosphorxis, and potassiiim may 

show a shortage of phosphorus in its tissues until the plant is about 

twelve inches highj then the nitrogen may became the first limiting 

nutrient element and remain so until about maturity time, when potas 

sium may show up as the first limiting factor." 

Long (27) reports that lodging in com is more severe \jnder con 

ditions of potash deficiency and high plant populations. Brooks (7) 

reported that potassixim deficiency may result in weak stalks, lodging, 

small kernels that are light and apparently immature, weak cobs, and 

black discoloration in the nodes of the stalks. 

Krantz and Chandler (25), by applying potash on potash-deficient 

soils, decreased lodging and increased yieldsi however, lodging occurred 

even where applied potash had no effect on yield and where there was 

ezcessive consumption of potash by the crop. They concluded that 

"... the greatest hope for a solution of the lodging problem lies 

in the realm of breeding for lodging resistance and the use of proper 

stands with adeqviate fertilization." 

Heady, Pesek, and Brown (15), working with nitrogen and phos 

phorus, found a positive interaction between these two nutrients. No 

phosphorus and 120 poimds of nitrogen resulted in a maximum yield of 

25.9 bushels of com per acre and no nitrogen with 120 pounds of PgOg 
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gave a maximum yield of 37«5 bushels per acreo However, "the addition 

of 40 pounds of P2O5 resulted in large yield increases across all levels 

of nitrogen application* Similar changes occurred with phosphorus at 

40 pounds of nitrogen per acre. They concluded that ..the pro 

ductivity of one nutrient is highly limited by the amount of the other 

nutrient with which it is combined* « * <> greatest yields can be obtained 

from use of the two nutrients in a 1si ratio* For li^t applications of 

fertilizer, greater response per pound may be obtained with nutrient 

ratios differing from Isl." 

Duncan and Ohlrogge (10) stated that "One effect of nitrogen on 

the uptake of phosphorus must be due to the fact that the root dis 

tribution is not uniform but is concentrated in the soil volume of 

highest concentration of phosphorus. When the volume of soil fertilized 

is small in relation to the total soil volume, nitrogen increases the 

uptake of phosphorus in part by increasing root growth in the fertilized 

soil*" 

Considerable resecu'ch has been conducted on fertilizer placement, 

i.e., band placement as compared to broadcast application. According 

to Barber (S) both potassium level in the soil and band applications 

(two Inches to the side and two inches below the seed) of potassium were 

effective in significantly increasing the potassium content and yield 

of com* He also found that iriien 50 pounds per acre per year or more 

were used, row applications of potassium were relatively more effective 

than row applications of phosphorus. 

In experiments conducted to determine the relationship between 
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row application of phosphorus and applications to build up the levels 

of phosphorus in the soil. Barber (2) found that phosphorus applied to 

build up the levels in the soil was effective in increasing the yields 

of the crops grown. Row applications increased yields most at the 

lowest soil phosphorus level and the effect of row applications de 

creased as ihe soil phosphorus level increased. The maximum production 

for a oom-soybeans-wheat-hay rotation was obtained by using a hi^ 

soil phosphorus level without row application. 

Miller and Ohlrogge (28) foxmd that nitrogen, when placed with 

phosphorus in a localized band, increased the relative feeding power 

of the com plant. The most important mechanism responsible for this 

seems to be the development of a root mass in the area of nitrogen and 

phosphorus placement. 

A factor affecting phosphorus availability is pH. Highest yields 

of com have been obtained on soils with a pE of 6.0 to 6.5, and phos 

phorus is most available in this pH range. 

Plant population is highly interrelated with soil fertility in 

terms of com yields and considerable work has been done to evaluate 

the effect of population on yield. Based on 14 experiments. Long (27) 

suggests that stands not exceeding 12,000 plants per acre appear to be 

best in Tennessee. He says that "For maximxim yields the spacing of 

plants should be adjusted to the fertility of the soil—the higher the 

fertility the closer should be the spacing." Muhr, Gilbert, and Rest 

(29) reported that yield of field com increased with population, the 

maximum yield being obtained with the densest population. 
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Macy workers (6, 26, 27, 38) have advised that as soil becomes 

more productive, plant population should be increased to obtain maximvun 

yields. Several workers (6, 24, 26, 29, 44) also indicate that as 

population is increased nitrogen rates must also be increased. These 

same workers have reported that as population increases, ear size and 

nxamber of ears per stalk both decrease. However^ Boswell, Anderson, 

and Stacey (6) reported that those factors which acted to reduce ear 

weigjit usually also acted to increase ear counts, thxis the effect of 

ear size on yield was usually more than offset. 

According to Lang, Pendleton, and Dungan (26) barreness of stalks 

is also affected by plant population. They foimd that hybrids which 

showed a tendency to be multiple-eared at low population rates had the 

lowest percentage of barren stalks at the high plant populations. 

Work by Sowell, Ohlrogge, and Nelson (41) has shown that a 

mutation ("Compact"), which oooiarred in a stock of 2, is characterized 

by a proportionate reduction in the size of the entire plant. At a 

population rate of 52,000 plants per acre the mutant contained only 5 

percent barren plants, whereas 62 percent of the By 2 normal plants were 

barren. The mutant plants were able to produce grain under conditions 

of population stress. 

In research conducted in Japan (9) it was found that increasing 

population increased yield. Early-maturing dent com hybrids from New 

England, Wisconsin, and northern Japan were grown at three locations on 

Japan's northern island of Hokkaido in 1958 and 1959. Relatively large 

differences in the performance of the hybrids at different locations on 
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the island indicate the importance of developing adapted hybrids for 

specific regions. 

Moisture conditions in the soil must be favorable if an optimum 

response to rertilizer is to be obtained. The manner in iwhich com 

plants respond to drouth depends upon the stage of growth when the 

moisture deficiency occurs (23). Severe early drouth results in 

stunted size and delayed silking in relation to the time of tasseling. 

Many of the plants may fail to silk and the tassels may be partially 

or completely sterile, resulting in partially or completely barren plants. 

The leaves may wilt and some of them may die. If drouth occurs following 

normal growth and favorable fertilization of the ear shoots, ears may 

gradually shorten by drying from the tips. If the leaves fire and wilt, 

plants become undernourished and kernels remain small and may be chaffy. 

Several workers (6, 16, 17, 27, 51, 34, 35) have reported that 

the period of highest water requirement for com appears to be from tas 

seling through silking. According to Robins and Domingo (35) moisture 

depletion of soil to the ydlting percentage for periods of one to two 

days during tasseling or pollination resulted in as much as a 22 per 

cent yield reduction of grain, and periods of six to eight days gave 

a yield reduction of about 50 percent. Holt and Van Doren (16) state 

that "Available soil water in depths to five feet indicate water usage 

to the fifth foot at kemel formation." Smith hsus shown that com will 

extract water up to a depth of about 54 inches in some Tennessee soils.^ 

Smith, H. B. Soil moisture extraction patterns of different soil-
crop combinations as determined by a neutron meter. Unpub. M.S. thesis. 
University of Tennessee, Knoxville, Tennessee. 1961. 
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Research, conducted in Nebraska (17) has shoim that fewer irrigations and 

less water are necessary to produce high yields of com if the water is 

applied so that ample water is available during the tasseling and silking 

period. 

One of the most important factors to consider in com production is 

the suitability of the soil for com. It has been found that hi^ appli 

cations of fertilizer are much more profitable on level, deep, friable 

soils than on other types of soils (27). Bell and Springer (4) state 

that "A knowledge of yields of various crops under defined levels of 

management inputs that could reasonably be expected on a sustained basis 

for each of the more significant or 'key* soils is sorely needed." 

Bell and Walker (5) report that for high crop yields, a soil with 

high moisture supplying capacily is necessary to obtain an optimum re 

sponse from the fertilizer applied. More fertilizer should be used on 

soils with a hi^ moisture supplying capaciiy than on soils with a low 

moisture supplying capacity. 

Heady, Pesek, and Brown (15) developed prediction equations for 

com as well as for other crcps and also worked with response surfaces. 

Because it was difficult to find one appropriate algebraic function to 

suit all data, they fitted several functions to the field observations. 

The function "fdiich seemed to best fit the observations was then selected 

as the prediction equation. 

Leibig's Law of the Minimm (36, p. 57) indicates that there is 

a maximum yield that can be obtained from an essential nutrient, after 

tdiich some other factor woiild become limiting; i.e., the amount of 
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plant growth is regulated by the factor present in the relative minimiom. 

There have been instances when experimental data have exhibited pro 

perties which conflict with this concept. 

Hellriegal demonstrated a sigmoid type cxxrve when he added nitrogen 

to barley grown in pots of sand. A sigmoid curve results irtien each suc 

ceeding increment of an element produces proportionately greater response, 

up to a point, than the increment preceeding it. Beyond this inflection 

point the response begins to increase at a decreasing rate. The sigmoid 

curve does not always occur in field experiments, but it may occur indien 

the factor being considered is at a very low level (36, pp. 57-62). 

Hagin (14) found that on very deficient soils, where a nearly 

complete yield curve is obtainable, the data from an experiment with 

phosphorus on oats could best be fitted to a sigmoid curve. The first 

increments of phosphorus fertilizer did not increase the yield as much 

as would be expected from a Mitscherlich or a Michaelis curve. 

Mitscherlich formulated a logrithmic function to explain growth 

response. He assumed that a plant should produce a certain mmr-inniTn 

yield if all conditions were ideal, but insofar as any essential factor 

is deficient there is a corresponding decrease in the yield. The mathe 

matical expression he worked cut resulted in a ciirve that is everywhere 

concave to the axis representing the nutrient supply (36, pp. 57-62). 

Walker defines a prediction equation "...as the mathematical 

relationship between a dependent variable and specified independent 

variables." He also states that a term is "effective" in a prediction 

equation "if the ratio of the mean square of the coefficient of the 
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vaxiate to the residual meaai square is greater than uni-ty.* He jxistifies 

this on the basis that if the ratio is unity or less it can be assumed 

that the variation Twhich is accounted for by this term is part of the 

same random variation as that which appears in the residual sum of 

squares. In his work* Walker, after determining by statistical testing 

that either a linear or a quadratic term was effective in a prediction 

equation, retained both terms.® 

According to Hader et al., (13) as long as a variable has an 

agronomic basis and satisfies an equation model, the coefficients esti 

mated by the method of least squares are the best estimates that are 

available from the data. Walker states that "This argument can be xised 

as a basis for the retention of statistically insignificant coefficients 

of variates in a multiple regression equation."® 

The most logical basis for dropping a variable out of a system 

lies in the extent to ndiich the yield estimates and their standard 

errors are actually changed by its omission (13). Further, in deciding 

to delete a variable, all terms, or at least all terms of a given order, 

involving this variable should be considered as a group. 

®Walker, W. M. Yield and chemical composition of Poa pratensis 
and Bromus inermis as a function of applied nitrogen, phosphorus, and 
potassium. Unpub. Ph.D. thesis. Iowa State University, Ames, Iowa. 
1961. p. 36. 

®Ibid. 



CHAPTER III 

METHODS AHD PROCEDURES 

Experimental Procedures 

Fifteen farmers in Bradley County, Tennessee participated in this 

study. Data from one of the 16 farmers were not used due to severe John-

songrass infestation on the test plot. 

Four treatments were to be located on each farm. These includeds 

(l) a test plot on which all the management practices recommended by the 

University of Tennessee Experiment Station were used} (2) a test check 

plot, on which no fertilizer was applied, but on irtiich all of the other 

management practices used wore the same eus on the test plot; (S) a 

farmer's plot on which com was grown under the farmer's normal level 

of management; and (4) a farmer's check plot on idxich he used his regular 

management practices, but did not apply fertilizer. Only six farmers 

planted a check plot. 

The test plots were not more than one acre in size and the 

farmers' plots wore of similar size. To limit the experimental check 

area on each farm the test check plots and the farmer check plots were 

limited in size. The check plots ranged from about l/l5 to about l/5 

of an acre in area. 

The test plots on all except one farm wore fertilized, planted, 

and sprayed by the author. The seedbeds for all the plots were prepared 

by the farmers. 

Chemical weed control was used on all except one of the test plots 

15 
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to eliminate the problem of cultivation since the rows in the test plots 

were spaced 36 inches apart; whereas, the fanners' rows ranged from 36 

to 48 inches in width. A preemergence application of Atrazine at a rate 

of 2 1/2 pounds per acre of 80 percent wettable powder was used. The 

farmers cultivated their plots in the usual way. 

For more precise control in planting and spraying, the test plots 

were planted and sprayed with equipment furnished by the University of 

Tennessee. A recommended variety of corn, Dixie 29, was planted on all 

of the test and test check plots. 

Axx attempt was made to locate each of the plots on a site where 

the major portion of both the test plot and the farmer's plot were on 

the same soil. Later in the season each location was carefully studied 

by a soil scientist, and different soils were delineated at several of 

the locations. In some instances there were as many as three soils at 

one location. In such oases a separate harvest sample was taken from 

each of the soils. The management practices used at a particular 

location were based on recommendations for the predominant soil at 

the specified site. 

Soil samples were taken to a 5- to 6-inch depth on all test plots 

and analyzed for exchangeable K and available P by the University of 

Tennessee Soil Testing Laboratory at Nashville, Tennessee. The soil pH 

was determined with a Beckman pH Meter using a soil paste. Percent 

organic matter was determined by the Walkley-Black method (32). Soil 

test results are reported in Appendix A. 

The soils on the plots were grouped into three categories based 
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on "bhe es'tima'ted yield capabilii:les for co2*n at recommended levels of 

management. Different management practices were then varied within this 

grouping. The three categories were "fair," "good," and "excellent." 

Recommended N applications were 60 to 75 pounds per acre on the 

"fair" soils, 90 pounds per acre on the "good" soils, and 120 pounds per 

acre on tiie "excellent" soils. Phosphorus and potassixim were applied 

according to the soil test results and Universily of Tennessee recom 

mendations. Some of the plots showed a need for lime, but due to wet 

weather in the spring of 1961, it was necessary to plant immediately 

when the fields were dry enoughj thus, lime was not applied to any of 

the plots. Plant populations recommended for the soil groups were 8-, 

12-, and 16-thousand plants per acre respectively for the "fair," 

"good," and "excellent" soils. 

The estimated yields that could be expected over time under 

farmers' conditions and recommended levels of management are approxi 

mately 50 to 80 bushels per acre on the "fair" soils, 80 to 100 bushels 

on the "good" soils, and more than 100 bushels on the "excellent" soils 

(8, 11). 

Characteristics of these three soil groups vary considerably. 

The "excellent" soils (soil group 3) were those having desirable 

characteristics for high com production in Tennessee. These are 

deep, well-drained, medium-textured, friable bottom land soils with 

high moisture supplying capacity. 

The "good" soils (soil group 2) are usually found in terrace 

positions or in old alluvial positions. Ihey are moderately well-
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to woll—drained soils that have medium to high water supplying capacily 

and are moderately deep to deepo These soils are usually on slopes 

ranging from 3 to 12 percentj therefore, their use for com is limited 

mainly by slope. 

Soils that were classified as "fair" (soil group l) included 

certain soils in high terrace and old stream terrace positions and, 

also, certain upland soils. Those on the high terrace positions are 

moderately well- to well-drained. They are found on slopes of 3 to 

20 percent and mdien eroded the tilth may be \infavorable. Slope and 

extent of erosion are the main factors limiting com production. Soils 

in the old stream terrace positions are somewhat poorly drained and are 

found on 1 to 4 percent slopes. Use of these soils is limited mainly 

by drainage. 

The upland soils are moderately well- to well-drained. They 

range from shallow to deep depending on the degree of erosion, and are 

found on rolling upland positions, on ridgetops, or on sideslopes. Some 

of these soils may be cherty and their moisttire supplying capacity is 

from low to medium causing them to be rather drouthy. Slopes may range 

from 5 to 25 percent. Use of these soils for com is limited by slope, 

chertiness, and the clayey texture of the subsoil. 

The soils on each plot are listed in Appendix B. 

On the test plots all of the mixed fertilizer except about 250 

pounds per acre was applied broadcast with an "EZ-Flow" type fertilizer 

distributor not more than two weeks prior to planting. All of the 

nitrogen other than that applied in the mixed fertilizer, was applied 
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broadcast as HH^NOj at the same time as the mixed fertilizer. About 250 

pounds per acre of mixed fertilizer was applied at planting in bands 

approximately two inches to the side and two inches below the seed. 

Planting was done with a two-row, tractor-mounted planter with 

an attachment for band placement of the fertilizer. The com was gen 

erally planted about two inches deep but this was varied somewhat de 

pending upon the soil moisture conditions and the planting date. 

Rainfall records were kept at each of the sitesj however, the 

recording of the daily rainfall was not as consistent nor as accurate 

as it should have been. Because of this, rainfall data from three re 

cording stations in the north half of Bradley County were used. No 

site was more than 12 to 15 miles from a recording station and the 

monthly precipitation values for each of the stations are shown in 

table 1. Adequate and well distributed rainfall helped make 1961 a 

good year for com production in Bradley County and as a result there 

was little, if any, apparent moisture stress at any time during the 

growing season. 

Johnsongrass was a minor problem in some of the plots and was 

a serious problem at only one location (three plots). The latter part 

of June the Johnsongrass was removed from all the plots with a garden 

hoe; nevertheless, it remained a serious problem at the one location 

cited above. 

The sampling prccediire for harvesting was a modification of 

the procedure developed by Walker."^ Six sample rows, each fifty feet 

7Walker, W. M<, Measurement of soil productivity on selected soils 
in terms of com yields. TJnpub. M.S. thesis. University of Tennessee, 
Knoxville, Tennessee. 1957. pp. 6-10. 
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Table 1.—Long-term mean and 1961 recorded monthly precipitation in 
inches during growing season near experimental locations.®' 

Location 

Month Charleston Cleveland Substation Cleveland 3ME^ 
Mean® Recorded Mean^ Recorded Mean<i Recorded 

April 4.25 4.00 3.42 3.37 

May 3.77 4.80 5.38 5.04 

June' 3.95 5.23 5.68 6.03 

July 4.63 3.35 5.26 4.54 

August 4.13 5.48 3.55 2.96 

Total 20.73 22.86 23.29 21.94 

®01imatological Data — Tennessee. Weather Bureau. U.S. Dept. of 
Commerce. Vol. 66, No. 13. 1961. 

Recording station is located three miles nor-tii-northeast of the 
Cleveland Post Office. 

Based on 1931-1955 period at Charleston. 

3

■'Long-term mean not available at these two locations. 
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long and selected according to a predetermined plan, made up the basic 

sample. Hiis procedure had to be altered in some instances, but the 

same principles "were involved. Only "the "two inside rows were harves"ted 

from the check plots. Forage samples were also harves"ted "to measure 

total dry matter production, and the results will be reported in a la-fcer 

work. 

The ear com from each of "the sample rows -was -weighed in "the field. 

Eighteen ears of com -were "then selected at random, "three ears from each 

of "the six sample rows of each plot. 3Vro rows of kernels were removed 

from each of these ears and put in a plastic bag and sealed for moisture 

determination. The mosi"ture content of "the shelled corn sample "was 

de-termined by the use of a Steinli"te moisture meter and all yields were 

adjus"ted to 15.5 percent mois"ture. 

Statistical Methods 

Walker states that "The selection of a statistical design for use 

in experimen"fcal methods is determined by "the objectives of "the experi 

ment, time, area, and ma"terials available for use in the experiment."® 

Since the ultimate objective of this project "was sociological, the 

objectives of the agronomic phase necessarily had "bo be limited to 

"those "that "would lend themselves to "the attaining of "the ultimate 

objectives. Due to "this, "(here "was little oppor"tnni"ty to develop a 

planned experimental design which would readily lend itself to statis-

®Walker, op. cit. 
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tioal analysis of the data. 

With the limitations stated above, it was decided that regression 

analysis would best measure or determine the relationships between the 

selected management factors expressed as independent variables and corn 

grain yield. 

Multiple regression techniques used in this thesis will, in general, 

follow the procedures of multiple regression analysis discussed by several 

authors (1, 22, 40). Eleven management factors expressed as independent 

variables, were selected. These factors were selected on the basis of 

past agronomic research and to determine a mathematioal relationship 

between selected variables and observed yields of com. They werej 

plant population (in thousands of plants per acre), pounds of N applied, 

percent organic matter, soil group, pH, K soil test, K applied, P soil 

test, P applied, planting date, and weed control. Yield of ear com in 

bushels per acre was the dependent variable. Planting date was ex 

pressed as the number of days before the last planting date plus one 

day. The assumption was made that the earlier com is planted, up to 

an optim-um early date, the greater is the probability of a hi^er yield. 

This assumption is based partially on the available moisture dxiring 

silking and tasseling. 

Weed control was expressed in terms of chemical control or no 

chemical control (cultivation), and it was entered in the equation as 

"1" (chemical control) or "0" (no chemical control). 

The soil groups were coded as followsi "l" for "fair" soilsj 

"2" for "good" soils; and "3" for "excellent" soils. This is a 
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qualitatave coding and if the different soil groups exert a significant 

effect upon com yields, this effect should be indicated by the statis 

tical significance of the regression coefficient of the soil group term. 

All of the previously mentioned variables were not used in all 

of the equations. Eight different equations were selected baised on 

eight sets of observations. These eight sets of observations weres (1) 

all 64 observations, (2) test plots and test chock plots, (3) farmer 

plots and farmer check plots, (4) test plots and farmer plots yrith no 

check plots, (5) all of the observations on soil group 3, (6) all of 

the observations on soil group 2, (?) all of the observations on soil 

group 1, and (S) all of the check plot observations. A complete listing 

of the observations and the data are recorded in Appendix A. 

All data were pxmched on IBM cards and the regression analyses 

were computed on an IBM 1620 Electronic Digital Computer at the Univ 

ersity of Tennessee Computing Center. 

The program used to analyze the data on the computer is a step-

wise regression analysis program called STRAP, developed by A. R. 

Colville and L. S. Holmes, This program was used to determine the 

relationship between selected independent and dependent variables. 

The independent variables are added to the regression equation one at 

a time, in the order of their statistical significance. A given vari 

able is entered in the regression equation if the variance reduction 

obtained by adding that variable is significant at a specified F level. 

If the multiple correlation coefficient between a number of so-called 

independent variables is so large that practically all the variability 
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in one "independent" variable is related to the other independent 

variables, that variable is not placed in the regression (33). 

By choice of the operator, the following may or may not be in 

cluded in the output: (l) the residual sums of squares and cross pro 

ducts of all variables; (2) the mean values and standard deviations of 

all variables; (3) the simple correlation coefficients between all vari 

ables; and (4) the names of all the variables. If desired, only the 

last step in the development of the regression equation may be included 

in the output. 

For each step in the development of the regression equation, the 

following values sire given: 

1. The error of estimate of the dependent variable. 

2. The F ratio of the variable added to the equation at that 

step. 

3. The pure constant term. 

4. The regression coefficients of each of the variables in the 

equation, 

5. The standard errors of the regression coefficients. 

6. The coefficient of multiple determination (R^). 

An example of the output from the computer, along with an ex 

planation on how to interpret the values, is in Appendix C. 

It has been theorized and shown that crop yields inorease at a 

decreasing rate until a maximum yield is reached, and they then decrease 

with increasing increments of a specific management factor (15); there 

fore, a quadratic fvinction with selected linear x linear cross product 
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terms was chosen as the regression model. Linear and natural log 

functions were tested on some of the data but the quadratic fimctions 

apparently best fitted the data, since a higher was obtained with 

the quadratic function. Quadratic terms of all the independent vari 

ables, with the exception of weed control, were used in each of the 

equations. 

According to Walker **. ..selection of terms to be used in a 

prediction equation is determined by the model and the probability level 

required for significance. 

After the general regression equation was computed for each set 

of observations, those variables which were not significant at a proba 

bility level less than or equal to 0*10 were removed and a new regression 

function was computed, using the remaining variables. This process was 

repeated until at least one effect of each variable was significant at 

a probability level less than or equal to 0.10, except in the case of a 

variable that previous agronomic research has shown to be significant 

in influencing corn yield. If either a linear or a quadratic effect 

was significant, then both the linear and the quadratic terms were re 

tained in the prediction equation, since a quadratic function of a 

variable is a polynomial of the second degree in that vsLriable. Tlhen 

a linear x linear effect was significant, each of the linear terms and 

their quadratic effects were also retained. The resultant equation in 

each instance was termed an "effective" prediction equation. 

Q

''Walker, 0£^. cit., p. 25. 
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After the selection of an "effeoti-ve" prediction equation, pro 

duction surfaces were illustrated for the most significant variables in 

each of the equations• All other variables were held constant at an 

average level, calculated by the computer, in all but a very few instances, 

when adjustments were made to prevent the estimation of irrational yields. 

In a few instances levels of factors were used for estimation of 

yields that were not in the range of the observations. Extrapolation 

was practiced only "to a limited degree because to extrapolate one must 

assume that the effects of given variables continue at a constant rate. 

3he rate at iriiich the effect of a given variable continues cannot be 

determined beyond the range of dataj thus, for this reason and for many 

others, extrapolation may be dangerous if due discretion is not ex 

ercised (30, p. 150). 

The algebraic signs of the regression coefficients' in a pre 

diction equation indicate the slope and direction of the regression 

line with respect to the dependent variables as increments of the in 

dependent variable are changed. Generally, tdien dealing with agronomic 

data using an equation of the form Y « a + b^^X + bgl?, the regression 
coefficient of the linear effect is expected to be positive and the 

coefficient of the quadratic effect is expected to be negative. 

When yields are expressed as a fxmotion of several factors used 

as independent variables in an equation, the slope of the production 

surface at a point becomes a function of the coefficients of the linear 

and quadratic variables, the coefficients of all the interactions in 

which the variable being considered is involved, and the level at which 
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the other variables are held constant.^® 

Using the relationship between the various management factors and 

yield of com> it may be possible to select the optimum level of speci 

fied factors that will indicate the conditions required for maximum com 

yield. 

^Sralker, op. oit., p. 33. 



CHAPTER lY 

RESULTS AMD DISCUSSIOM 

General regression equations were computed for each of eight sets 

of observations with several management factors expressed as independent 

variables. Prediction equations were developed from each of the ei^t 

general regression equations. Because variables were deleted from each 

of the general regression equations if they were not significant at a 

probability level less than or equal to 0.10, no two prediction equations 

have the same set of variables or terms. 

Observation numbers 65, 66, and 67 were not used in the analyses 

due to severe Johnsongrass infestation which could loask the effects of 

other variables. 

All Observations Combined 

A linear eqiiation which was first computed showed a non-signi 

ficant effect for weed control. Since weed control was not significant 

in the linear equation and, since it was a qualitative term involving 

either chemical control or cultivation, the decision was made to not use 

it in the general quadratic regression equation from which the prediction 

equation was obtained. 

Sixty four observations using 10 independent variables with a 

quadratic effect for each variable, plus nine linear x linear inter 

actions were included in the equation. This equation* 

28 
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A 

Y = 876.026 - 5.453Pop + 0.939N + 19.0610M + 54.54180 - 315.261pH 

+ 1.064KS - 4.420Ka - 12,357Ps + 5ol50Pa + 0o025PD + 0.147Pop^ 

+ O.OOBN^ - 8.6580M^ - 20.44180^ + 26.429pH^ - 0„003Ks^ + 0;543Ka2 
+ 0.583Ps^ + O.lOePa^ + 0.002PD^ + 0o084Pop-N + 0.776Pop»0M - 0.1111I°Pa 
- 0.134pH'Pa - 0.2680M'Pa + 21o5050M-SG - 0.185N*0M - 0.9178G'Ks 

+ 0.859SG«Ps (la) 
2 

has an E of 0.9078. Hie legend for the terms used in the Tarious 

equations is found in table 2. 

After deleting the variables that -roere not significant at a 

probability level less than or equal to O.lOj, a new equation was com 

puted. This procedure was repeated until at least one effect of each 

of the remaining variables was significant at the specified probability 

level. At this point the equation contained five independent linear 

variables and their quadratic effects, plus three linear x linear inter 

action terms. Hiis prediction equationj 
A 

Y « 464.405 + 1.928Pop + 0.340N + 28.0730M + 17.4368G - 176.663pH 

- 0.124Pop^ - 0.003n2 - 5.3930M^ - 6.87280^ + 15„565pH^ + 0.063Pop-N 
+ 8.5830M*8G - 0.205N-0M (lb) 

has an of 0.8006. 

An analysis of variance showing source of variation, degrees of 

freedom, and F ratio was used to determine the significance of the 

various effects. This analysis of variance is shown in table 3. 

The N*OM interaction was the most significant factor, of all 

the factors tested, in explaining yield variations. The quadratic 

effect of pH was the second most significant factor, followed by the 

1.. 
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Table 2,—Key to abbreviations of terms used in 
the varioiis regression equations. 

Abbreviated 

^Qrm Definition of terms 
A 

Y Total predicted com yield in bushels per acre 

Pop Plant population in thousands of com plants per acre 

N Pounds of elemental N applied per acre 

OM Percent organic matter in the soil 

SG Soil group 

pS Soil pH as determined by a Becloiian pH Meter using a 
soil paste 

Ks Pounds of exchangeable potassium per acre as deter 
mined by soil test 

Ka Pounds of elemental potassiimi applied per acre 

Ps Pomds of available phosphorus per acre as determined 
by soil test 

Pa Pounds of elemental phosphorus applied per acre 

PO Planting date in number of days before last planting 
date pl\is one day 

Soil test potassium plus applied potassium in pounds 
per acre 

P't Soil test phosphorus pliis applied phosphorus in pounds 
per acre 

Linear x linear interaction term for any two specified 
variablesj A and B 

*A11 interactions will be shown by separating the two linear factors 
with a dot, for example N»Pa. 
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Table 3o—Analysis of variance of com yield (equation lb). 

Source of Degrees of 
variation freedom 

Total (N » 64) 

Mean 1 

Regression 13 

Linear 5 

Pop 1 0.14 
N 1 0,92 
OM 1 1.04 
SG 1 0.67 
pH 1 1.88+ 

Quadratic 5 
Pop2 1 1.48+ 

1 0.64 
Om2 1 0.14 
SG2 1 5.05* 
pH^ 1 33.25** 

Interaction 3 

Pop»N 1 15.15** 
OM'SG 1 7.39** 

N'OM 1 53.74** 

Residual 50 

♦♦In this and/or futiire tables, the double asterick -will 
indicate a probability level less than or equal to OcOl, 

•pi this and/or future tables, the single asterick mill 
indicate a probability level less than or equal to 0.05. 

++In this and/or future tables, the double plus (++) sign
will indicate a probability level less than or equal to 
0.10. 

+In this and/or future tables, the single plus (+) sign
will indicate a probability level less than or equal to 
0.25. 
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In'fceraotions Pop*N and OM°SG, respectively. pH uras the only quadratic 

effect that was highly significant.^^ The quadratic effect of soil 

group was significant at the 0.05 level of probability and population 

was significant at a probability level of 0.25. The only linear effect 

that was statistically significant was pH, which was significant at a 

probability level of 0.25. 

Table 4 shows the predicted com yields obtained with varying 

levels of applied N and percent organic matter, when all other factors 

were held constant at an average level. From table 4 it can be seen 

that the average predicted yield across all rates of HT increases with 

increasing amounts of organic matter. Likewise, the average predicted 

yield across all levels of organic matter increases with increasing 

rates of applied N. Wiihin the range of the data studied, the highest 

predicted yield (90.43 bu/a) was obtained with 90 poxinds of applied 

N per acre and 2,5 percent organic matter. Ihe next highest predicted 

yield (88.91 bu/a) was obtained with 60 povinds of applied N per acre 

at 2.5 percent organic matter. The difference between the two yields 

is 1.52 bushels per acre, obtained by adding 30 extra poxonds of N per 

acre. With the present price of com and at the present cost of W 

fertilizer, it would not be economically profitable to apply the extra 

30 pounds of N to obtain the additional yield. This table also indicates 

the rate of substitution between applied N and percent organic matter; 

Hereafter the term "highly significant" will refer to significance 
at a probability level less than or equal to 0.01, and "significant" will 
refer to a probability level less than or equal to 0.05. 



S3 

Table 4.—Predicted com yields as a function of percent 
organic matter and applied N (equation lb).* 

0. M. N (Lbs/A) 
{%) 0 30 60 90 120 Ave. 

0.5 9.94 34.56 53.78 67.60 76.01 48.38 
1.0 28.92 bO.A7 66.61 77.35 82.69 61.21 
1.5 45.20 63.67 76.74 84.41 86.67 71.34 
2.0 58.79 74.18 88.7784.17 87.96 78.77 
2.5 69.68 82.00 88.91 90.43 86.55 85.51 

Are. 42.51 60.98 74.04 81.71 83.98 68.64 

*Values at which other factors were held constant to calculate 
predicted yields are as followss 

Pop 10.68 Pop^ 124.46 
SG 2.09 SG^ 5.09 
pH 6.54 pH^ 43.20 

... V V ' -- ^ 

.. .V< 
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for example^ a yield of 82 to 84 bushels of corn per acre may be obtained 

with 30 pounds of applied N per acre and 2o5 percent organic matter® with 

60 pounds of N per acre and 2o0 percent organic matter® with 90 pounds 

of N per acre and lo5 percent organic matter® or with 120 pounds of N 

per acre and loO percent organic matter. 

Production surfaces showing com yield as a function of the three 

interactions were drawn® since all three of the interactions were highly 

significant. 

Figure 1 is a production surface showing predicted com yields 

as a f\mction of applied N and percent organic matter when all other 

factors were held constant at an average level. A vertical plane through 

this surface perpendicular to the percent organic matter axis shows the 

effect of applied N on yield. Beginning at the 0.5 percent level of 

organic matter and taking successive slices through the surface, it can 

be seen that response to applied K decreases as the percent organic 

matter in the soil increases. 

Similar vertical slices through the surface perpendicular to the 

N axis shows the effect of percent organic matter on com yield. Re 

sponse to organic matter is greatest when no N is applied and least when 

120 pounds of N are applied. Likewise® response to N is greatest at 

0.5 percent organic matter and least at 2.5 percent organic matter. The 

change in response to N with changes in percent organic matter, and vice 

versa, indicates the interaction between the two variables. The pro 

duction surface shows the effectiveness with which organic matter sup 

plied N to the corn in this experiment, and also shows that organic 



35 

100 r-

80 

.(H 
X 

T3 
f—i >■ •I 
<1> 

M t-' 

20 

120 

90 

1.5
604^ 

30 

Figure 1.—Predicted corn production surface as a function of 
percent organic matter and applied N (equation lb). 
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matter may be tiie reason that some of the check plot yields "were as hi^ 

as some of those on the fertilized plots. 

Table 5 shows the predicted corn yields as a fixnction of popu 

lation and applied N inhen all other factors were held constant at an 

average level. Figure 2 is a production surfane illustrating these 

predicted yields. A vertical plane through this sxirface perpendicular 

to the N ascis shows the effect of population on yield.|Response to popu 
lation increases rapidly as increasing amo;mts of N are applied. Similar 

vertical slices through the surface perpendicular to the population axis 

show the effect of applied K on yield. The response to applied N also 

increases rapidly with increasing population^ Ihe significant applied 
nitrogen x population interaction is also illustrated by the production 

surface (figure 2). 

Within the range of the data studied, the average predicted yields 

across all rates of N increase with increasing population, and likewise 

the average predicted yields across all levels of population increase 

with increasing rates of applied N, The highest^^ predicted yield 

(127.59 bu/a) was obtained with 120 pounds of N and 17,000 plants per 

acrej nidiereas, the lowest predicted yield was obtained with no applied 

N and 17,000 plants per acre. When no N is applied, the predicted 

yields are fairly constant up to about 11,000 plants per acre, then 

begin to decrease rapidly. At a population of 6,000 plants per acre 

12Hereafter the terms "highest" and "lowest," in reference to 
yield, means the hi^est and lowest.yields, respectively, within the 
range of the data used for the calculations. 
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Table 5.—Predicted com yields as a function of plant 
population and applied N (eqiiation lb).* 

Population N (Lbs/A) 
(M Plants/A) 0 30 60 90 120 Ave, 

5 53.99 60.21 61.03 56.45 46.47 55.63 
8 54.94 66.83 73.32 74.41 70.09 67.92 
11 53.66 71.22 83.37 91.4990.13 77.97 
14 50,14 73.37 91.20 103.63 110.65 85.80 
17 44.39 73.29 96.79 114.89 127.59 91.39 

Ave. 51.42 68.98 81.14 87.90 89.26 75.74 

*Values at which other factors were held constant to calculate pre 
dicted yields are as follows: 

OM 1.75 5.09 
SG 2.09 pH^ 43.20 
pH 6.54 OM-SG 3.86 
OM^ 32.88 
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Figure 2.—^Predicted corn production surface as a function of 
plant population and applied N (equation lb). 
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"the "highes't" yield (61.03 bu/a) is obtained with 60 pounds of Ni however, 

a yield of 60.21 bushels per acre is predicted with an application of only 

30 pounds of N per acre. 

Table 6 shows the predicted yields as a function of soil group and 

percent orgsinic matter when all other factors were held constant at an 

average level. The production surface for these yields is illustrated 

in figure 3. At the 0.6 percent level of soil organic matter, "tliere was 

no difference in yield between soil group 1 and soil group 2. However, 

the yield decreased considerably on soil group 3 at this low level of 

organic matter. As percent organic matter increased, the yield response 

to soil group also increased and at the 2.5 percent level of organic 

matter yield increased as the soil groups became more suitable for com 

production. 

One possible reason that the predicted yield may have decreased 

from soil group 2 to soil group 3 at the lower levels of organic matter 

may be due to the fact that there actually were no plots on soil group 

3 that had these low levels of organic matter, so that in this respect 

there is some extrapolation involved. 

The F value for the quadratic effect of pH as shown in table 3, 

indicates that this term had a highly significant effect on com yield. 

The regression coefficient for the linear effect of pH is negative and 

that for the quadratic effect is positive (equation lb). 

In summary of equation lb, three interactions; N-OM, Pop»N, and 

OM'SG are hi^ly significant in explaining yield variations. The only 

linear effect which was significant was pH (significant at 0.25). In 
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Table 6.—Predicted corn yields as a fimction of soil 
group and percent organic matter (equation lb).* 

0, M. (%) 
SG 0.5 1.0 1.5 2,0 2.5 Ave. 

1 40.14 50.93 59.02 64.42 67.12 56.33 
2 41.25 56.33 68.72 78.41 84.40 65.82 
3 28.62 47.99 64.67 78.65 89.93 61.97 

Are. 36.67 51.75 64.14 73.83 80.48 61.37 

Values at which other factors were held constant to cal 
culate predicted yields are as follows! 

Pop 10.68 2750.48 
N 34.08 pH^ 43.20 
pH 6.54 Pop-N 412.55 
Pop2 124.46 
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Figure 3.—-Predicted corn production surface as a function of 
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the quadratic effects, population was significant at a probability level 

of 0,25, soil group at 0„05, and pH at a probability level less than or 

equal to 0,01. 

Test Plot and Test Check Plot Observations 

Twenty test plo'fcs and 18 test check plots made up the 38 obser 

vations used in this part of the study. Ten linear variables vrith the 

quadratic effect for each variable, and four interaction terms were 

included in the general quadratic regression equation. This equations 
A 

y « 1471,934 - 6.097Pop + 4.706N + 32.9450M + 80.950SG - 486,682pH 

+ 0.040KS - 6,894Ka - 9,290Ps + 9,219Pa - 2.666PD + l,158Pop2 

- 0,057^2 + 32.7670m2 - 16.722Sg2 + 40olllpH^ - 0,0005Ks^ 
+ 0.085Ka2 + 0,536P82 - 0,470Pa^ + 0,025PD^ + 0.051Pop«N 
+ 0,224N»Pa - 10,649Pop'0M - l,808pH'Pa (2a) 

has an r2 of 0,9751, 

A new equation was computed after deleting the variables that 

were not significant at a probability level less than or equal to 0,10. 

This procedure was repeated until at least one effect of each of the 

variables remaining in the equation was significant at the specified 

level of probability. At tiiis point the new equation, called sua 

"effective" prediction equation, contained five linear variables and 

the quadratic effect of each variable, plus one linear x linear inter 

action, This equations 
A 

y 766,757 - 10,240Pop + 0,365N + 33,1820M + 19,486SG - 252.362pH 

+ 0,396Pop^ - O.CX)4n2 - 4.488011^ - 3,116SG^ + 21.513pH2 
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+ 0.044Pop.N (2b) 

has an r2 of 0.8780. 

Aq analysis of variance showing source of variation, degrees of 

freedom, and F ratio is presented in table 7. 

The Pop'N interaction was the most significant factor of the pre 

diction equation in explaining yield variations. The quadratic effects 

of pH and OM were also highly significant. The linear effects of SO 

and pH were significant at a probability level less than or equal 0.10. 

None of the other effects was significant at a probability of 0.25 or 

less. 

Predicted yields as a function of applied N and plant population 

are shown in table 8. All other variables were held constant at an 

average level to calculate the production surface illustrated in figure 

4. Ifhen no N is applied there is little or no response to an increasing 

plant population, however, as increasing amounts of N are applied there 

is an increasingly greater response to population with the "highest" 

yield occurring with 120 pounds of applied N per acre. There is re 

sponse to applied N at all levels of plant population, but the greatest 

response to N is at a population of 17,000 plants per acre. 

The "highest" predicted yield was obtained with 17,000 plants 

and 120 pounds of N per acre. ̂ The average predicted yields indicate 
a much greater response to N across all levels of population than to 

population across all levels of N. An average increase in predicted 

yield of 54,84 bushels per acre was obtained with increasing appli 

cations of N, whereas an average increase of only 21.57 bushels per 
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Table 7.—Analysis of variance of com yield (equation 2b), 

Source of Degrees of 
variation freedom 

Total (N - 38) i 

Mean 1 

Regression 11 

Linear 5 
Pop 1 0.02 
N 1 0.54 
OM 1 1,21 
SG 1 3,23+ 
PH 1 3o61+ 

Quadratic • 5 
Pop2 1 0,34 
N2 1 0.68 
OM^ 1 12.02*# 
Sg2 1 0.15 
PH2 1 35.81** 

Interaction 1 

Pop-N 1 43.94** 

Residual 26 • 

I 



 

Table 80—Predicted com yields as a fimction of plant 
population and applied N (equation 2b).* 

Population 
(M Plants/A) 

9 

11 

13 

15 

17 

Are. 

0 30 

51.53 70.77 
46.89 68.77 

45.42 69.93 
47.12 74.27 
51.98 81.77 

48.59 73.10 

M (Lbs/A) 
60 

82.79 

83.43 

87.24 

90 120 Ato. 

87.63 85.25 75.59 
90.91 91.17 76.23 
97.33 100.26 80.04 

94.22 106,97 112.52 87.02 

104.36 119.75 127.94 97.16 

90.41 100,52 103.43 83.21 

*7alues at which other factors were held constant to calculate pre-
dieted yields are as followss 

OM 1.70 OM^ 3.19 
SG 2.05 Sg2 4.96 
pH 6.47 pH^ 42.39 
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Figure I4.—^Predicted corn production surface as a function of 
percent organic matter and applied N (equation 2b). 
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acre was obtained by increasing plant population. The significance of 

the interaction between plant population and applied U is an indication 

of the importance of selecting the proper plant population and N level 

to obtain maximum yields of com.^ 

Farmer Plot and Farmer Check Plot Observations 

Data from 26 observations were used to compute the prediction 

equation involving these plots. The same terms were selected for equa 

tion 3a as were used in equation 2a so that differences between the two 

prediction equations (2b and 3b) could not be attributed to the initial 

selection of the variables, but to the differences in the effects of 

the variables in explaining yield variation. 

The general regression equations 

Y 
A

- 413.203 + 3.783Pop - 4.942N + 160.3120M - 42,540SG - 159„580pH 

+ 2.107KS - 31.928PS + 1.873Pa - 1.579PD + 1.264Pop^ + 0.0291^ 

- 21.4000m2 + 12o637SG^ + 12.008pH^ - GoOOSKs^ + l,471Ps^ 

+ 0.143Pa^ + 0.034PD^ + 0o087Pop»N - 12„754Pop.0M + 0.093pH.Pa (3a) 
has an of 0.9756. 

It will be noted that Ka, Ka^, and N»Pa did not enter the 

equation. The reason they did not is due to a provision in the com 

puter program whereby the minimum F value can be set, below which 

variables will not be entered. The minimum F value was set at 1 x 10~^ 

on the asstamption that all the variables would have F values higher 

than this. Apparently the three terms which were not entered had F 

values lower than this minimum and, therefore, had a low level of 

https://0.093pH.Pa
https://12�754Pop.0M
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signiflcanoe. 

The prediction eqxiation (3b) was developed using the same procedure 

as was used in developing prediction equations lb and 2b. This same pro 

cedure was used to develop all of the other prediction equations which 

will be discussed later. This equationi 

Y 
A 

167.099 - 9«782Pop - 7.873Pa - 41.297pH + 0.969Pop^ + 0.039Pa^ 

+ 4,166ph2 + l.GSSpH-'Pa (Sb) 
has an of 0.6161. 

The significance of the varioiis effects is shown in table 9. 

Pa was the most significant factor in the prediction equation, 

being highly significant. The pH'Pa interaction effect was significant 

at the 0.05 level of probability and the quadratic effect of population 

was significant at a probability of 0.10. None of the other effects 

was significant at a probability level up to 0.25. 

Table 10 shows predicted com yields as a function of applied 

P and pH when the linear and quadratic terms of population are held 

constant at an average level. Figure 5 is a production surface showing 

these yields. 

The variables, pH and Pa were selected for plotting because the 

interaction term pH'Pa was the first term to enter the prediction equa 

tion. The interaction between the two variables is illustrated in 

figure 5.^ At a pH of 5.5 there is generally a decreasing response to 
applied P, but as the pH increases the response to P also increases and 

at a pH of 7.1 the yield increases 34.74 bxishels per acre by increasing 

Pa from zero to 32 pounds per acre. The yield response to pH is even 



49 

Table 9.—Analysis of variance of com yield (equation 3b). 

Source of Degrees of 
variation freedom F 

Total (IT = 26) 

Mean 1 

Regression 7 

Linear 3 

Pop 1 0.99 
Pa 1 9.7Z** 
PH 1 1.34 

Quadratic 3 
Pop2 1 3.77+ 
Pa? 1 0.68 
PH2 1 0.08 

Interaction 1 
PH-Pa 1 8.03# 

Residual 18 



Table 10.—Predicted com yields as a function of pH and 
applied P (equation 3b).* 

Pa (Lbs/A) 
pH 0 8 16 24 32 Ave. 

5.5 50.83 38.13 30.42 27.70 29.97 35.41 
5.9 53.31 44.08 39.85 40.60 46.35 44.84 
6.3 57.12 51.37 50.61 54.84 64.06 55.60 
6.7 62.27 59.99 62.70 70.41 83.11 67.70 
7.1 68.74 69.94 76.13 87.31 103.48 81,12 

Ave. 58.45 52.70 51.94 56.17 65.39 56.93 

"Values at which other factors were held constant to calculate 
predicted yields are as follows: 

Pop 7.61 Pop2 61.18 
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Figure 5.—Predicted corn production surface as a function of 
pH and applied P (equation 3b). 
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greater than it is to applied P. When no P is applied^ an increase in 

yield of 17»91 bushels per acre is predicted as the pH is increased from 

5»5 to 7.1. The response to pH is 73<51 bushels per acre when Pa is 

increased to 32 pounds per acre. 

The "highest" predicted yield was obtained with 32 pounds of ap 

plied P per acre and a pH of 7.1, whereas the "lowest" yield was obtained 

with 24 pounds of applied P and a pH of 5.5. 

Population had a negative linear and a positive quadratic effect. 

The quadratic effect was more sigpificant than the linear effect in ex 

plaining yield variationj therefore, even though the large negative 

regression coefficient on the linear term would appear to depress yield 

as population increased, the quadratic effect is sufficiently large to 

mask the linear effect and actually cause the predicted yields to in 

crease at an increasing rate with an increasing population. 

Predicted com yields as a function of plant population and ap 

plied P are presented in table 11. The production surface illustrating 

these yields is shown in figure 6. The response to population can be 

observed by taking a vertical slice through the surface perpendicular 

to the Pa axis. As P is added the population cxirve rises higher above 

the base until the "highest" yield is obtained at 32 pounds of P and 

12,500 plants per acre. 

Response to applied P is similar to the response to an increasing 

population, that is, yield increases at sui increasing rate as the amount 

of P applied is increased. The response to population, however, is 

greater than the response to applied P. The response to applied P is 
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Table 11.—Predicted com yields as a function of plant 
population and applied P (equation 3b).* 

Population Pa (Lbs/A) 
(M Plants/A) 0 8 16 24 32 Ave. 

4.5 53.57 50.73 54.26 60.01 72.15 58.14 
6.5 55.32 52.48 56.01 61.77 73.90 59.90 
8.5 64.83 61.99 65.52 71.27 83.41 69.40 
10.5 82.08 79.25 82.78 88.53 100.66 86.66 
12.5 107.09 104.25 107.79 113.54 125.67 111.67 

Ave. 72.58 69.74 73.27 79.02 91.16 77.15 

*Values at which other factors were held constant to calculate pre 
dicted yields are as followst 

PH 6.63 pH^ 44.38 
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probably due to the generally low levels of soil P as shown by the soil 

test results (Appendix A). 

Test Plot and Farmer Plot Observations, No Check Plots 

Only those plots were used whore both the farmer's plot and the 

test plot were located on the same soil so there would be a direct com 

parison between the plots in terms of management. No check plot data 

were included. Thirty-six observations, 18 test plot and 18 farmer plot 

observations, were used in the development of equatiorB4a and 4b. The 

same terms were used in equation 4a as were used in equation2a and 3a. 

This was done so that differences between the three prediction eqviations 

(equations 2b, 3b, and 4b) could be attributed to the differences of the 

various effects upon com yield rather than to differences due to the 

initial selection of the variables used. 

The general quadratic regression equations 

Y 
A

- 1357.627 - 1.461Pop + 0.770N - 26.753011 + 22.850S6 - 459.434pH 

+ 2.149KS + 1.258Ka - 13.537Ps - 7.834Pa - 0.709PD + 0.764Pop^ 

+ 0.015N^ + 8.722011^ - 3.954Sg2 + 37.591pH2 - 0.006Ks2 - O.OOlKa^ 
+ 0.504Ps2 + 0.242Pa2 + O.OISPD^ - 0.122Pop-N - 0.065N-Pa 
- 2.165Pop«0M + 0.289N'0M (4a) 

has an of 0,9633. 

The procedure used to develop the prediction equation (equation 

4b) was "tiie same as that used for the previous prediction equations. 

The prediction equation for these datas 

Y 
A

» - 75.040 + 3.428Pop - 0.412N - 103.4810M + 42.012pH +0.109Pop2 
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- O.OOOBN^ + 25.445011^ - 1.600pH^ + 0.2791I-0M (4b) 
has an of 0.8221, 

The population linear term was the most significant effect in 

explaining yield variations (table 12), The linear terms of both popu 

lation and pH were highly significant and ihe N'OM interaction effect was 

significant. The linear organic matter effect was significant at a proba 

bility level of 0,10, but none of the quadratic effects was significant. 

Table 13 shows the calculated yields as a function of N and OM 

which were used to plot the production surface illustrated in figure 7, 

All the other factors were held constant at an average level. 

Within the range of the data used to calculate the predicted 

yields, theire was an increasingly greater response to percent organic 

matter as the rate of applied N was increased. The "highest" predicted 

yield was obtained with 120 pounds of applied N per acre and 2,6 percent 

organic matter. 

The greatest response to applied N, when everylhing else is con 

stant, is normally expected at low levels of organic matter and as this 

level in the soil increases, response to applied N decreases. This was 

shown by equation lb and illustrated in figure 1, which means that ap 

plied N and soil organic matter will substitute for each other to a 

limited extent, Ihe interaction between N and organic matter which is 

illustrated in figure 7 may be the result of factors not accounted for 

in the regression equation, but which may be expressed through these 

two vsiriables. 

Organic matter may be an indicator of the physical and chemical 



� 
�

57 

Table 12.—Analysis of variance of com yield (equation 4b). 

Source of Degrees of 
variation freedom 

Total (N » 36) 

Mean 

Regression 

Linear 

Pop 1 43.79** 
N 1 1.27 
OM 1 3.96+ 

PH 1 24.80** 

Quadratic 4 
Pop2 1 0.14 
n2 1 0.01 
0m2 1 0.09 
pH^ 1 0,02 

Interaction 

ir«OM 5.58* 

Residual 26 

f.- ft' 
■p'' ■ t ■' ■'' ■■ 
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f* 
i 

*■ 3t. 

Table 13.—Predicted com yields as a function of applied
N and percent organic matter (equation 4b).* 

N 0. M, (fo) 
(Lbs/A) 1.0 1.4 1.8 2.2 2.6 Ave. 

0 105.65 88.68 79.86 79,43 86.64 88.05 
30 101.11 87.50 82.02 84.95 95.50 90.22 
60 95.51 85.24 83.11 89.38 103.28 91.30 
90 88.81 81.89 83.11 92.73 109.98 91.30 

120 81.05 77.47 82.04 95.01 115.61 90,24 

Ave. 94.43 84.16 82.03 88.30 102.20 90.22 

*Values at Tshich other factors were held constant to calculate 
predicted yields are as follows: 

Pop 10.40 Pop2 120.35 
pH 6.74 pH2 45.74 
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Figure 7.—^Predicted corn production surface as a fimction of 
applied N and percent organic matter (equation Ut>). 
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properties of the soil, Tshich are important in obtaining yield response 

to other management factors as well as to applied N. A hi^ level of 

organic matter in the soil may be an indication that the soil has de 

sirable physical properties, such as high water supplying capacity, good 

structure, etc. It may also be an indication of management practices 

used during previous years, which may be ezpressed through high yield 

response to applied N. 

Predicted com yields as a function of plant population and ap 

plied N are presented in table 14. There was little to no response to 

applied N, however, there was a large response to plant population when 

other factors in the prediction equation (equation 4b) were held con 

stant at an average level. A production surface showing these effects 

is illustrated in figure 8. Neither the linear nor the quadratic effect 

of applied N was significant (table 12), therefore, it is not effective 

in explaining yield variations. Other factors, such as those discussed 

above concerning the N*OM interaction may contribute to the lack of 

response to applied N in equation 4b. The effect of applied N is 

probably being expressed through the N-OM interaction (figure 7) rather 

than through the linear or quadratic effects. 

Table 15 shows the predicted yields as a fxmction of plant 

population and pH that were used to plot the production surface (figure 

9), when all other factors were held constant at an average level. Bbe 

linear effect of pH was highly significant, which indicates pH is ef 

fective in explaining variations in com yields. Even through there is 

a large response to pH, this effect may not be due to the ion con-
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Table 14.—Predicted com yields as a fimction of plant 
population and applied N (equation 4b).* 

Population N (Lbs/A) 
(M Plants/A) 0 30 60 90 120 Are, 

5 60.19 62.59 63.90 64.13 63.28 62.82 
8 74.73 77.12 78.43 78.67 77.82 77.35 
11 91.23 93.62 94.93 95.16 94.31 93.85 
14 109.69 112.08 113.39 113.62 112.77 112.31 
17 130.11 132.50 133.81 134,04 133.19 132.73 

Are. 93.19 95.58 96.89 97.12 96.27 95.81 

*ValueB at which other factors wore held constant to calculate pre 
dicted yields are as follows* 

OM 1.83 OM^ 3.50 
pH 6.74 pH^ 45.74 
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Table 15o—Predicted com yields as a function of plant 
population and pH (equation 4b).* 

Population pH 
(ll Plants/A) 5.5 5.9 6,3 6.7 7,1 Ave. 

5 35.54 45,05 54.04 62.53 70.50 53.53 
8 50.08 59.59 68.58 77.07 85.04 68.07 
11 66.57 76.08 85.07 93.56 101.53 84.56 
14 85.03 94.54 103.53 112.02 119.99 103.02 
17 105.45 114.96 123.95 132.44 140.41 123.44 

Ave. 68,53 78.04 87.03 95.52 103.49 86.52 

"Values at which other factors were held constant to calculate pre 
dicted yields are as followss 

N 53.53 OM^ 3.50 
OM 1.83 N.QM 97.60 
n2 4267.97 
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centration per se, but to indirect effects of pH on the availability of 
other nutrients. Therefore, it may be that pH is related to other factors 

that were not included in the regression equation, but irtiich might pos 

sibly be expressed through the pH term. Graves also found that the pH 

term was quite significant in a regression equation.^® 

The average response to population was greater than the average 

response to pH. The maximum predicted yield, within the range of Hie 

data used in the calculations, is 140.41 bushels per acre at a pH of 

7.1 and with 17,000 plants per acre. 

All Observations on the "Excellent" Com Soils 

The data from ihe three soil groups were analyzed separately and 

prediction equations were developed for each grcup since the quadratic 

effect of soil group was significant when all of the observations were 

combined in the development of prediction equation lb. 

The same terms were used in the development of the general re 

gression equation for each of the three soil groups, so that any dif 

ferences between the prediction equations could be attributed to the 

differences in the effects of the various factors on com yield rather 

than to ihe initial selection of variables used. 

The general quadratic regression equation contained six in 

dependent linear variables with a quadratic effect for each linear 

13Graves, C. R. Productivity of Huntington, Waynesboro, and 
Dickson soils for com. Unpub. M.S. thesis. University of Tennessee, 
Itnoxville, Tennessee. 1959. 
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variable, plus three linear x linear interaction terms. Ks and Ka were 

combined by adding the pounds per acre of soil test K to the pounds per 

acre of K added as fertilizer, and the new tena was symbolized as Kt 

(for total K). Ps and Pa were combined in a similar manner. The terms 

Kt and Pt were used in the equations for each of the three soil groups. 

The equation using all of the observations on the "excellent" 

soil group was computed using 15 terms. This equations 
A 

Y » 1622,833 + 7.484Pop + 0.52311 - 687.9560M - 373.907pH - 3„753Pt 

+ 2.641Kt - 0.037Pop2 + OoOllN^ + 188,71301^ + 30,194pH^ 

+ 0.135Pt2 - 0,008Kt2 + 0.060Pop"N - 3,303Pop.0M - 0.0711I-Pt (5a) 
p 

has an R of 0.9075. 

The prediction equation was developed from this equation by the 

same procedures that were used in developing the previous prediction 

equations. Hiis prediction equations 

Y
A 

« 614.143 + 2.910Pop - 0.177K - 688.5260M + l.l68Kt - 0.131Pop^ 

- 0.008n2 + 174.9560m2 - 0.004Kt^ + 0.109Pop»N (5b) 
has an R^ of 0.7796. 

The linear effects of N and organic matter were the most signi 

ficant effects in explaining yield variations and both terms were highly 

significant (table 16). The quadratic effect of Kt (soil test K plus K 

added in poimds per acre) was significant at a probability level of 0.10, 

and the linear effect of Kt was significant at the 0.25 level of proba 

bility. None of the other terms in the equation was significant at the 

probability levels used. None of iJie population terms was significantj 

however, both the linear and the quadratic terms for population as well 

https://3,303Pop.0M
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Table 16.—Analysis of Trariance of com yield (equation 5b), 

Source of Degrees of 
variation freedom F 

Total (N "26) 

Mean 1 

Regression 9 

Linear 4 

Pop 
N 
OM 
Kt 

1 
1 
1 
1 

0.00 
22.51#» 
12.46*» 
2.36+ 

Quadratic 4 
Pop2 1 0.08 
N2 • 1 0.32 
OM^ 1 0.30 
Kt2 1 3.25++ 

Interaction 1 
Pop'N 1 1,23 

Residual 16 
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as the Pop'N interaction term were retained in the prediction equation 

since previous research has established population as a major factor in 

com production. 

Predicted com yields are shown in table 17 as a function of ap 

plied N and total K when all other factors are held constant at an average 

level. Figure 10 is a production surface illustrating these estimated 

yields. There was a slight increase in yield when Kt was increased 

from 100 to 140 pounds per acre, but beyond the 140 pound level, yields 

decreased rapidly. Eesponse to N increased up to the 60 po\and rate of 

applied N per acre then decreased considerably. The "highest" predicted 

yield (96.84 bu/a) was obtained with 140 pounds total K and an appli 
cation of 60 pounds of N per acre. The "lowest" predicted yield was 

obtained with 260 pounds total K and no applied N per acre. The low 

response to applied N may be due to the relatively high levels of organic 

matter in these soils. 

The predicted yields as a function of soil organic matter and 

applied N are shown in table 18. A production surface showing these 

predicted yields is illustrated in figure 11. Within the range of the 

data used in these calculations, predicted yields increased at a de 

creasing rate with increasing amounts of N. The "highest" yields oc 

curred with an application of 60 pounds of N per acre, after which 

yields decreased quite rapidly. Response to organic matter was radi 

cally different from response to N. Predicted yields decreased rapidly 

from 1,4 to 2.0 percent organic matter, ihen increased at an increasing 

rate within the range of the data used for the calculations. 
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Table 17.—Predicted corn yields as a fxmction of applied 
N and total K (equation 5b)»* 

N Kt (Lbs/A) 
(Lbs/A) 100 140 180 220 260 Are. 

0 54.03 62,35 57.87 40,59 10.51 45.07 
30 78.47 86.79 82.31 65,03 34.95 69,51 
60 88.52 96.84 92.36 75.08 45.00 79.56 
90 84.15 . 92.47 87.99 40.6370.71 75.19 
120 65.42 73.74 69.26 51.98 21.90 56.46 

Are. 74.12 82.44 77.96 60.68 30.60 65.16 

Values at which other factors were held constant to calculate 
predicted yields are as follows: 

Pop 11.30 OM^ 4.22 
QM 2.02 Pop.N 462.08 
Pop2 137.33 
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Table 18.--Predicted com yields as a function of applied 
N and percent organic matter (equation 5b).* 

N 0. M. (^) 
(Lbs/A) 1.4 1.7 2,0 2.3 2.6 Xre. 

0 84.94 41.09 28.73 47.87 98.50 60.23 
30 109.38 65.53 53.17 72.31 122.94 84.67 
60 120.41 76.56 64.20 83.34 133.97 95.70 
90 115.07 71.22 58.87 78.00 128.63 90.36 
120 96.31 52.47 40.11 59.24 109.87 71.60 

Are. 105.22 61.57 49.02 68.15 118.78 80.51 

"^Talues at which other factors were held constant to calculate 
predicted yields are as follows: 

Pop 11.30 Pop2 137.33 
Kt 175.00 Kt2 30625.00 

. - ,1 , 

1 

https://30625.00
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Figure 11.—-Predicted corn production surface as a function of 
applied N and percent organic matter (equation 56), 
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These predicted yields were calculated at a plant population of 

11,300 plants per acre and this is considered below the optiminn plant 

population for best yields on an "excellent" corn soil. If the plant 

population was increased to about 16,000 plants per acre the response 

to U probably would have been larger. The interaction term Pop.N was 

not statistically significant in equation 6bj however, in equation lb 

this term was highly significant. Lack of significance of this term 

in equation 5b may be due to (l) a range of about 12,000 to 14,000 

plants per acre on the test and test check plots and a range of about 

6,000 to 9,000 plants per acre on the farmer plots and farmer check 

plots, and (2) a small number of observations. 

All Observations on the "Good" Com Soils 

Eighteen observations were located on soils that were classified 

as good soils for com production. IQie same 15 terms that were used 

in equation 5a were used to compute equation 6a. 

The general regression equations 
A 

Y ■-3594.312 + 4.719Pop + 2.7781 + 500.3310M + 960.483pH - 10.457Pt 

+ 1.981Kt + 0,147Pop2 - 0.0091^ - 126,856Qm2 - 73.811pH^ + 0.226Pt^ 
- 0.004Kt^ + 0.026Pcp.l - 5.857Pop»0M - O.OSSNoPa (6a) 

han an of 0,9763. 

The prediction equations 
A

Y - 933.662 - 16,596Pop + 1.7921 - 273.982pH + 0,789Pop2 - 0.013l2 

+ 22.819ph2, (gjjj 
which was developed from the general regression equation, as explained 
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preTiously, has an of 0.8853. 

As shoTOi by the analysis of Tariance (table 19), the linear effect 

of N was the most significant factor in explaining yield variation. Ihe 

quadratic effect of pH was also hi^ly significant, whereas the linear 

effect of pH and the quadratic effects of population and N were signi 

ficant at a probability level of 0.25. The linear effect of population 

was not significant. 

The average yield response of com was greater to applied N than 

it was to increasing soil pH (table 20). The "highest" predicted yield 

was obtained with an application of 75 pounds of N per acre at a pH of 

7.2. The "lowest" predicted yield occurred at a pH of 6.0 when no N 

was applied. 

Figure 12 is a production surface showing com yield as a function 

of soil pH and applied N. Within the range of the data, predicted com 

yields increased with increasing pH. Yields increased at a decreasing 

rate with increasing amounts of applied H up to an application of about 

75 pounds per acre. Yields decreased slightly when N applications were 

increased from 75 pounds up to 100 pounds per acre. 

The predicted com yields as a function of plant population and 

applied N are shown in table 21 and the production surface for these 

yields is illustrated in figure IS. 

As plant population was increased, yields decreased up to 10,000 

plants per acre within the range of the data, then increased as plant 

population was increased above 10,000 plants per acre. Predicted yields 

increased at a decreasing rate, within the range of the data, up to an 
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Table 19.—Analysis of variance of com yield (equation 6b). 

Source of 

variation 

Total (N - 18) 

Mean 

Regression 

Linear 

Pop 
N 

pH 

Quadratic 
Pop2 
n2 
PH2 

Residual 

Degrees of 
freedom 

1 

1 

1 

1 

1 

1 

11 

0.17 

28.10»* 

2.31+ 

2.56+ 

2.57+ 
12.22** 
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Table 20.—Predicted com yields as a function of pH and 
applied N (equation 6b)•* 

N (Lbs/A) 
pH 0 25 50 75 100 Ave. 

6.0 31,98 68.65 89.08 93.25 81.18 72.83 
6.3 33.98 70.65 91.08 93.48 83.18 74.47 
6.6 40.09 76.77 97.19 101.37 89.29 80.94 
6.9 50,32 86.99 107.42 111.59 99.52 91.17 
7.2 64.65 101.32 121.75 125.92 113.85 105.50 

Ave. 44.20 80.88 101.30 105.12 93.40 84.98 

"Values at which other factors were held constant to calc\xlate 
predicted yields are as followss 

Pop 10.77 Pop2 126.14 
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Figure 12.—Predicted corn production surface as a function 
of pH and applied N (equation 6b). 
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Table 21.--Predicted com yields as a function of plant 
population and applied N (equation 6b).* 

Population N (Lbs/A) 
(M Plants/A) 0 25 50 75 100 Ave. 

5.0 59.17 95.84 116.27 120.45 108.37 100.02 
7.5 42.34 79.01 99.44 103.61 91.54 83.19 
10.0 35.37 72.04 92.47 96.64 84.57 76.22 
12.5 38.26 74.93 95.36 99,53 87.46 79.12 
15.0 57.01 87.69 108.11 112.29 100.21 93.04 

Ave. 46.43 81.90 102.33 106.50 94.43 86.32 

*Values at nhich other factors "were held constant to calculate pre 
dicted yields are as follows: 

pH 6.50 pH^ 42.42 
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applicatioii of 75 pounds of N por acre thsn decreased slightly as in 

creasing amounts of N were applied. The response to N is similar to 

that shown in figure 12. 

All ObserTations on the "Fair" Corn Soils 

Twenty observations located on soils classified as "fair" soils 

for com production were used to develop equations 7a and 7b. The general 

regression equation (equation 7a) contains six independent linear vari 

ables and six independent quadratic effects, plus three linear x linear 

interaction terms, for a total of 15 terms. This equations 
A 

Y » -2925.754 - 17.750Pop - 20.280N + 269.0950M + 669.784pH + 21.553Pt 

+ 16.211Kt + 0,881 Pop^ + 0.128N^ - 65.8450m2 - 62.925pH^ - 0.102Pt2 

- 0.064Kt2 *0.649Pop«N - 2.163Pop.0M - 0.028N-Pt (7a) 
has an of 0.9771. 

From this general equation the prediction equation (7b) was 

developed. The prediction equation for these datas 
A 

Y « 160.689 - 9.301Pop + 0.327N + l,936Pt - 56,734pH + 0,473Pop^ 

+ O.OObU^ - 0.071Pt2 + 6.651p^ (7b) 

has an R^ of 0,8059, 

The linear effect of pH was the most significant factor in ex 

plaining yield variation (table 22)j however, the linear effect of N 

was also highly significant and, therefore, both are significant factors 

in explaining com yield variation. The quadratic effect of total P 

was significant at a probability level of 0,05. None of the other terms 

exhibited significant effects; however, both the linear and the quad-

https://2.163Pop.0M
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Table 22.—Analysis of variance of corn yield (equation 7b), 

Source of Degrees of 
variation freedom 

Total (N - 20) 

Mean 1 

Regression 8 

Linear 

Pop 1 0.49 
N 1 10,40»* 
Pt 1 0.06 
pH 1 19,Ol## 

Qmdratic 
Pop2 1 0.05 
n2 1 0.71 
Pt2 1 6.28» 
PH2 1 0.16 

Residual 11 
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ratio terms for population were retained in the prediction equation 

even though neither term was statistically significant. The population 

terms were retained in the equation because previous agronomic research 

has established population as a major factor in corn production. 

Both the linear and the quadratic terms for applied N had positive 

regression coefficients which means that yields are increasing at an in 

creasing rate with added applications of N. The linear regression co 

efficient for pH was negative but the quadratic coefficient was positive. 

This shows that yields are decreased as pH is increased but the effect 

of the quadratic term would cause the yields to decrease at a decreasing 

rate until they would reach a minimum point at idiich there would be no 

further decrease in yield. Beyond this point yields increase with an 

increase in pH. However, if the coefficient for the quadratic effect 

was large enou^, it would mask the effect of the linear term and 

yields would increase at an increasing rate as pH was increased. 

Table 23 presents predicted com yields as a function of pH and 

applied N when all other factors were held constant at an average level. 

A production surface of these yields shows that yields are increasing 

at an increasing rate with increasing amounts of applied N (figure 14). 

Response to pH is very similar to Ihe response to N, i.e., predicted 

yields are increasing at an increasing rate as pH increases. This would 

indicate that the quadratic effect of pH was sufficiently large to mask 

the negative linear effect, and thus prevent decreases in yield with 

increasing pH. 

Since these data are from "fair" soils for com, the reason for 
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Table 23.—Predicted corn yields as a fxmction of applied 
N and pH (equation 7b).* 

pH 

(Lbs/A) 5.3 5.8 6.3 6.8 7.3 Ave. 

0 6.36 14.90 28.10 41.93 60.47 30.35 
20 14.90 23.44 36.64 50.47 69.01 38.89 
40 27.44 35.98 49.18 63.01 81.55 51.43 
60 43.98 51,98 65.72 79.55 98.09 67.86 
80 64.52 73.06 86.26 100.09 118.63 88.51 

Ave. 31.44 39.87 53.18 67.01 85.55 55.41 

*7alues at which other factors were held constant to calculate 
predicted yields are as followss 

Pop 10.01 Pop2 111.06 
Pt 21.40 Pt2 581.70 

I { 

. V'-' 
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Figure lli.—^Predicted corn production surface as a function 
of applied N and pH (equation 7b). 
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the yields increasing at an increasing rate, may be due to generally low 

fertility levels of this soil group. Soil test results indicate that K 

and P were generally very low to low, which would in part support the 

above statement. Organic matter was also somewhat low on most of the 

plots which may explain the response to applied N. 

Response to an increasing pH may possibly be expected since there 

was a range in pH from 5,8 to 7.3j however, it is probably related to 

some other faotors which are not being measured, thus, pH may be ex 

plaining some of the effects of these other factors. 

The "hi^est" predicted yield (118.63 bu/a) occurred at pH 7.3 

and with an application of 80 pounds of N per acre. The "lowest* pre~ 

dieted yield (6.36 hxi/a) occurred at pH 5,3 when no N was applied. 

These two predicted yields correspond very closely to observed yields 

for the specified levels of N and pH. The lowest observed yield was 

3,06 bushels per acre which was obtained at a pH of 5,3 on a test cheok 

plot. The hi^est observed yield was obtained at pH 7.3 uriien 70 pounds 

of N per acre was applied. The population on the lowest and the highest 

observed yields was about 9,000 and 14,000 plants per acre, respectively. 

Table 24 shows predicted com yields as a function of plant 

population and applied N. Figure 15 illustrates the production surface 

for these yields when all other factors were held constant at an average 

level. 

There was little response to population within the range of the 

data used in calculating the predicted yields. Predicted yields de 

creased as plant population was increased from 6,000 to 10,000 plants 
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Table 24.—Predicted com yields as a function of plant 
population and applied N (equation 7b).* 

Population N (Lbs/A) 
(M Plants/A) 0 20 40 60 80 Are. 

5.0 48.50 57.04 69.58 86.12 106.66 73.58 
7.5 40.03 48.57 61.11 77.65 98.19 65.11 
10.0 37.47 46.01 58.55 75.09 95.63 62.56 
12.5 40.82 49.36 61.90 78.44 98.98 65.90 
15.0 50.09 58.63 71.17 87.71 108.25 75.17 

Are, 43.38 51.92 64.46 81.00 101.54 68.46 

Values at trhioh other factors "were held constant to calculate pre 
dicted yields are as folloirst 

Pt 21.40 Pt^ 581.70 
PH 6,70 ph2 45.44 



87 

120 

100 

I 
TJ 
rH 

•S 

80 

60 

uo 

20 

15.0 

12 
60 

4r 
10.0 

^^4 

20 

Figure 15.—Predicted corn production surface as a function 
of plant population and applied N (equation 7b). 



88 

per acre, then increased as the plant population was increased up to 

15,000 plants per acre. The predicted yield at 15,000 plants per acre 

was about 1.5 bushels more than the yield at 5,000 plants per acre across 

all levels of N. The yield response to applied N was discussed in re 

lation to the production sxirface shown in figure 14. 

All Check Plot Observations 

Eighteen test check plots and six farmer check plots made up the 

24 observations used to develop general regression equation 8a. This 

equationI 

Y 
A

- 2033.924 - 2.098Pop + 93.2420M + 32.545SG - 678.030pH - 0.691Ks 

- 2.387PS + 0,897Pop2 + 27.2950m2 - 11.911SG^ + 54,708pH^ 
+ 0.002Ks^ + 0.218Ps^ - 13.255Pop'0M + 2o232Pop-SG (8a) 

has an of 0.9575. 

Prediction equation 8b was developed according to the same pro 

cedures as were tised to develop the previous prediction equations in 

this text. This equationj 

Y 
A

- 1614.216 - 21.773Pop + 19.8280M + 97.795SG - 608.162pH - 9.912Ps 

+ 0.882Pop^ + 6.0530m2 - 22.576SG^ + 41.064pH^ + 0.594Ps^ (Sb) 
has an of 0.8941. 

The linear effect of organic matter and the quadratic effect of 

soil test P were the most significant factors in explaining yield vari 

ation (table 25). The linear organic matter term entered the equation 

first and explained 38.38 percent of the variation in yield. 

Since no fertilizer was applied, response to organic matter could 
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Table 25.—Analysis of variance of corn yield (equation 8b). 

Source of Degrees of 
variation freedom 

Total (N - 24) 

Mean 1 

Regression 10 

Linear 5 
Pop 1 1.59 
OM 1 1Z.71** 
SQ 1 1.37 
PH 1 8.52» 
Ps 1 0.86 

Quadratic 5 
Poo2 1 0.49 
OM^ 1 0.44 
S02 1 8.02* 
pH^ 1 2.04+ 
Ps2 1 15.55** 

Residual 13 

I'., 
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be expected because it would be one of the major sources of N for the 

com. Aside from this, organic matter may also indicate the general, 

physical, and chemical condition of the soil and may reflect past manage 

ment of the soil. 

The predicted yields of com as a function of percent organic 

matter and soil test P are presented in table 26. The production surface 

for these yields is shown in figure 16. 

Predicted yields increase almost linearly with increasing percent 

organic matter. Response to soil test P is more curvilinear. Yields 

decrease as soil test P increases from 3 pounds per acre up to 9 pounds 

per acre. Predicted yields increased at an increasing rate as the soil 

test value of P increased from 9 to 15 poimds per acre of available P. 

The predicted yield at 15 pounds per acre available P is only about ten 

bushels per acre more than the yield at ihree poimds available P. There 

is about a 90-bushel-per-acre increase in com yield when the percent 

organic matter is increased from 1.0 to 3.0 percent. 
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Table 26.--Predicted com yields as a function of percent 
organic matter and soil test P (equation 8b).* 

0. M. Ps (Lbs/A) 
(^) 3 6 9 12 15 Ave. 

1.0 26.39 12.69 9.69 17.37 35.75 20.38 
1.5 43.87 30.17 27.17 34.85 53.23 37.86 

2.0 64.38 50.68 47.67 55.36 73.74 58.37 

2.5 87.91 74.21 71.21 78.89 97.27 81.90 
3,0 114.47 100.77 97.77 105.45 123.83 108,46 

A"vb. 67.40 53.70 50.70 58.38 76.76 61.39 

Values at which, other factors were held constant to calculate 
predicted yields are as follows! 

Pop 11.41 Pop2 137.91 
SG 2.04 SG2 4.96 
pH 6.47 ph2 42.38 



92 

120 

ICQ 

80 

•o 
rH 
<P 

60 

UO 

20 

12 

2.0 «C0 

1.0 

Figure 16.■—Predicted corn production surface as 
percent organic matter and soil test P 

a function of 
(equation 8b). 



CHAPTER V 

GENERAL OBSERVATIONS 

Rainfall was adequate throu^out the season so that moisture stress 

had little if any effect in limiting com yields. May was a loonth of 

excessive rainfall and some of the farmers were unable to cultivate when 

it was necessary for proper weed control. A few of the farmers were able 

to cultivate only once during the season. In such a situation, the weeds 

were well established by the time the farmers were able to get into the 

fields to cultivate and as a result corn yields were probably reduced. 

Overall, chemical weed control was more effectivo than culti 

vation in controlling annual and broadleaf weeds which are normally con 

trolled by Atrazine. These weeds were effectively controlled throu^out 

the growing season. Johnsongrass was not controlled by Atrazine, but 

it was a problem on only one plot. The amount of fertilizer applied by 

the farmers was generally lower than the amount applied to the test 

plots. Table 27 shows the average applications of the fertilizer ele 

ments for the test plots and the farmer's plots on the three soil groups. 

is apparent from these data that these farmers are considerably below 

the recommendations on fertilizer applications. This is especially true 

for nitrogen. 

The average plant populations for each cf the four plots are shown 

in table 28. It can be seen from this table that the desired plant popu 

lations were not attained on the test plots. Two major factors may ac 

count for this. The first is the difficulty in calibrating a planter 

93 
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Table 27.^-ATerage applications of fertilizer materials on the test 
plots and farmer plots for the "fair," "good," and "excel 
lent" soils. 

(Pounds per acre) 
Fair Good Excellent 

Plot P2O5 KgO N P2O5 KgO N P2O5 K2O 

Test 72 45 42 91 55 47 97 55 40 

Farmer 27 35 38 18 29 28 21 35 36 
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Table 28.-fAverage populations on "fair," "good," 
and "excellent" soils for all plots. 

(Plants per acre) 
Plot Fair Good Excellent 

Test 12,200 13,100 13,500 

Test Check 11,100 13,500 12,800 

Farmer 6,100 7,600 8,800 

Farmer Check 7,300*« 8,400* 8,300 

•One observation 
♦•Two observations 
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to drop seed at the proper spacing and the second factor is related to 

the selection of the plots* Because some of the plots were divided late 

in the growing season ndiere there were two or more soil groups repre 

sented at one site* the plant population across all the plots at a given 

site was the same. 

The average yields obtained on the test plots for the three soil 

groups were 81.0 bushels per acre on the "fair" soils, 101.4 bushels per 

acre on the "good" soils, and 108.7 bushels per acre on •tiie "excellent" 

soils. The farmers obtained average yields cf 66.4, 64.5, and 69.0 

bushels per acre, respectively, for the "fair," "good," and "excellent" 

soils. The overall average yield on the test plots was 98.2 bushels 

per acre, whereas, the farmers* plots averaged 67.5 bushels per acre. 

The average yields on the test plots tend to reflect the dif 

ferences between the three soil groups. The fact that -the average 

yields on the farmers' plots are about the same for the three soil 

groups, indicates that the farmers were not taking advantage of the 

potential of the soils on their farms. 

The overall average yield on the test check plots was 46.8 

bushels per acre as compared with 61.0 bushels per acre on the farmer 

check plots. One probable reason that the farmers* check plots yielded 

more than the test check plots may be due to the differences in plant 

populations. The farmer check plots averaged about 4,500 plants per 

acre less than the test check plots. At tbe higja level of population 

on the test check plots, the low level of plant nutrients in the soil 

severely limited yields, whereas at the farmers' population level, plant 
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nutrients were less of a limiting factor. 

The difference in average yield between the test plots and the 

test check plots was 51.4 bushels per acre, ndiereas, the difference 

between the farmer plot and the farmer check plots was only 6.5 bushels 

per acre. This indicates that the amovint of fertilizer being applied 

by the farmer is not sufficient to result in appreciable increases in 

yield above what he might expect by applying no fertilizer. 

Data on number of plants per acre, lodging, barren plants, ears 

per stalk and weight per ear for all the observations are shown in 

^pendix B. 

Lodging was more severe on the test plots and on the farmers' 

plots than it was on the check plots. There was somewhat more lodging 

on the test plots than on the farmers' plots and there vras more lodging 

on the test check plots than on the farmers' check plots. The hi^er 

percent lodging on the test and test check plots as compared to the 

farmer and farmer check plots may be duo to the higher plant popu 

lations on the test and tost check plots. 

Fewer barren plants occurred on the test plots than on the 

farmer plotsj however, the percent barren plants on the test check plots 

was much higher than on any of the other three plots. This indicates 

that hi^ plant population and low levels of fertility tend to increase 

the percentage of barren plants in a com crop. 

The average number of ears per stalk was about the same for both 

the test plot and the farmer plot. The average number of ears per stalk 

on the test cheok plots was considerably lower than on the test plots. 

/ 

{ 
■( 
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whereas "bhere was li'thXe dirference be'tweeu. the farmer plots and the 

farmer check plots. 

Weight per ear of com was highest on the farmer plots and lowest 

on the test check plots. There was little difference in ear wei^t be 

tween the test plots and the farmer check plots. Ear weight generally-

decreased with increasing plant population but increased with increasing 

fertility. 

The com plants on the test plots generally grew faster than on 

the test check plots and at most of the sites it was taller at ma-burity. 

At many of the sites the com on the test check plots was pale green in 

color Trixereas on the -test plots it was a dark green. The check plots in 

many instances maintained this lifter color throughout the growing 

season, and -when it was about three to four feet tall, some of the 

leaves began to "fire" along the mid-rib starting at the leaf tip. 

This condition Tsas due "to lack of nitrogen and became quite severe in 

some instances. 

Farmer check plots did not exhibit nitrogen deficiency symptoms 

to as great a degree as did the test check plots. 

IHiere wore some isolated nitrogen deficiency symptoms in the com 

on the test plots and also on the farmers' plots, but these occurred 

la-ter in the growing season and probably did not affect the yield. 



CHAPTER VI 

SHMMABI AHD CONCLUSIONS 

A projQcb was ini'tiated In 1960 to detennine soin.6 possible re&sons 

for low com yields in Tennessee and also to determine the effectiveneBs 

the trial-acre approach in teaching farmers recommended management 

practices. Bradley County was selected for this study. The project was 

a oooperative effort between the Tennessee Valley Authority and the 

Agricultural Economics and Rural Sociology Department and the Agronomy 

Department of the University of Tennessee. 

Fifteen farmers in Bradley County participated in the study. Foxir 

plots—a test plot, a test check plot, a farmer plot, and a farmer check 

plot—were to bo located on each farm. Only six farmers planted chock 

plots. 

The data obtained from the agronomic phase were used to: (l) 

determine the differences in practices and differences in yields due 

to these practices between the farmers treatments and the treatments 

recommended by the University of Tennessee, (2) to quantitatively de 

scribe the relationships between varying levels of selected management 

factors and yield for each of eight sets of observations, (3) to select 

"effective'* prediction equations baaed on the described relationships 

between these factors and com yield, and (4) to make an agronomic inter 

pretation of the findings of the study. 

The test plots eii5)loying recommended management practices re 

ceived an average of about 50 to 60 pounds per acre more N, about 7 

99 
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to 10 pounds per aore more P, and about 8 to 12 pounds per acre more K 

than did the farmers plots. Farmer's plots averaged about 4,500 plants 

per acre less than the test plots. Corn groinin under the recommended 

levels of management yielded about 30 b\xshels per aore more than it did 

under farmers* levels of management. 

Multiple regression techniques employing a quadratic model were 

used to analyze the data. Eight equations were selected based on ei^t 

sets of observations. These eight sets of observations weret (1) all 

observations, (2) test and test check plots, (3) farmer plots and farmer 

check plots, (4) test plots and farmer plots with no check plots, (5) 

all observations on "excellent" soils for com,(6) all observations on 

"good" soils for com,(7) all observations on "fair" soils for com, 

and (8) all check plot observations. A prediction equation in which at 

least one effect of each management factor was significant at a proba-

bilily less than or equal to 0.10 was developed for each of the eight 

sets of observations. In a few instances when the effect of a manage 

ment factor was not significant at the specified level of probability, 

but where previoxis research has shown the specified factor does exert 

a significant effect on yield, this factor was retained in the regression 

equation. 

In the equation developed from all the observations the nitrogen 

X organic matter interaction term was the most significant factor in 

explaining yield variations. This equation had an r2 0.8006. Other 

higihly significant factors were the quadratic effect of pH and the popu 

lation X nitrogen and the organic matter x soil group jnteracticrL. Production 
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surfaces irere drawn showing com yield as a function of the two variables 

in each of the three interaction terms. An indication of the rate of 

substitution between N and organic matter was revealed. The interaction 

between plant population and N was quite pronounced as was the inter 

action between organic matter and soil group. 

The results from this equation indicate the lmpox*tance of estab 

lishing the proper balance between applied K, plant population, and soil 

group to obtain optimum yields. A hi^er number of plants per acre and 

a larger application of K should be put on excellent soils than on good 

or fair soils. 

The population x nitrogen interaction was the most significant 

factor in the prediction equation derived from the test and test check 

plots. A production surface was drawn to illustrate this interaction 

effect. The significance of the population x nitrogen interaction in 

this equation is a further example of the importance of balancing plant 

population and N application. This eq\iation has an of 0.8780. 

The only factor that was hi^ly significant in the equation from 

the farmer plots and farmer check plots was P added. Production sxirfaces 

were drawn illustrating com yield as a function of applied P and soil 

pH and also as a function of plant population and applied P. ffithin the 

range of the data used in the computations, predicted yields increased 

with increasing population and with increasing amounts of applied P. 

The for this equation was 0.6161. 

The prediction equation for the test plots and farmer plots where 

no check plots were involved had an E? of 0.8221. The linear effect of 
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population was the most significant factor in explaining yield Tariations* 

The interaction between H and organic matter was significant at a proba 

bility less than or equal to 0.05. 

Response to organic matter may be due to other management and soil 

factors, such as past cropping systems and water supplying capacity, as 

sociated with organic matter. The results of this equation indicate the 

importance of desirable soil properties and also the importance of past 

management as well as iiie practices used during the immediate growing 

season. 

The prediction equation deireloped from the observations on the 

"excellent" soils had an r2 of 0.7796. The linear effects of N and 

organic matter were both highly significant. Production surfaces showing 

predicted corn yields as a function of N and total K and also as a fmction 

of K and organic matter were drawn. Response to total K was generally-

negative but the response -to N -was positive up to 60 poimds applied N 

per acre* ^ove 60 pounds applied N per acre, response -was negati-ve. 

Response to percent organic matter was negative up -to a level of about 

2.0 percent, beyond which it -was positive. 

On the "good" soils, -the prediction equation had an R^ of 0.8853. 

The linear effect of applied R "was the most significant factor in -the 

equation. A production surface -was drawn showing yield as a function 

of pH and applied R. Within the range of the data used in the calcu 

lations, yields increased at an increasing rate wi-th increasing pH. 

Yields increased with increasing N up -bo about 75 potinds applied R per 

acre -then decreased slightly. 
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Th@ pz'edio'fclozi ^(jua.'tlozi developed from de'ba obi/ained on the "fair" 

had an R
2 
of 0«8059* 7!he Imeai* effects of pH and applied R trere 

both highly significant. Yields were increasing at an increasing rate 

with both increasing applications of N and increasing pH. Response to 

H may have been due to low levels of organic matter and other forms of 

residual N. Response to pH may have been due to factors which were 

related to pH but which were not included in the regression equation. 

The prediction equation that was developed from all the check plot 

observations had an R^ of 0.8941. The linear effect of organic matter 
and the quadratic effect of soil test P were both hi^ly significant. A 

production sxirface was drawn showing com yield as a function of percent 

organic matter and soil test P. Response to organic matter was almost 

linear and yields increased as percent organic matter increased. Yields 

decreased with increasing values of soil test P up to about nine pounds 

per acre, then increased at an increasing rate within the range of the 

data. 

The different sets of observations generally yielded different 

equations and the variables used did not have the same significance in 

all the equations. This is probably due to the differences in treat 

ments on the different observations. Considering the results of all 

eigjht of the prediction equations, it would appear that plant popu 

lation and applied K are very important in obtaining high yields. 

Coupled with this would be the selection of a soil that is suitable to 

com production. Organic matter was an important factor on "the check 

plots. 
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This study has shown that com yields in Tennessee can be greatly 

increased by following recommended management practices. 
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APPEKDII B 

HARVEST DATA COLLECTED BUT NOT USED IN THE REGRESSION ANALYSIS 

Lodged Barren Ears 
Plants/A Plants/A per Wt./Bar Soil 

Obs. Pop. Yield (%) stalk (lbs.) Plot Type 

1 14,188 120.5 38 1 1.33 .45 T Ea 

2 8,214 95.9 0 0 1.48 .55 F Ok Ea 
3 13,192 96.6 31 3 0.99 .52 F Ea 
4 13,262 98.9 15 1 1,17 .45 T Le 
5 12,100 18.4 22 39 0.72 .15 T Ck Le 

6 8,878 90.7 10 3 1.27 .56 F Le 
7 8,795 98.5 6 3 1.33 .59 F Ha 
8 14,230 118.5 10 3 1.25 .47 T Ha 
9 13,310 38.0 7 25 0.76 .22 T Ck Ha 
10 11,326 78.3 3 13 1.21 .40 T Sh 

11 11,858 38.5 3 23 0.75 .31 T Ck Sh 
12 6,721 30.6 2 15 0.85 .38 F Sh 
13 7,260 31.4 2 22 0.78 .39 F Ck Sh 
14 14,278 113.1 9 1 1.33 .42 T Te 
15 13,649 20.2 3 35 0.66 .16 T Ck We 

16 6,373 75.6 0 2 1.56 .53 F We 
17 5,731 72.4 0 3 1.66 .53 F Ck We 
18 13,842 125.7 6 1 1.49 .43 T lid 
19 7,061 73.1 2 1 1.47 .49 F Md 
20 14,617 114.7 24 2 1.32 .42 T Sf 

21 14,520 79.7 13 2 1.06 .36 T Ck Sf 
22 7,716 69.4 2 1 1.37 .46 F Sf 
23 8,961 72.1 1 2 1.22 .46 F Ck Sf 
24 4,522 62.3 1 0 1.83 .53 F Sf 
25 14,326 93.6 25 1 1.18 .42 T Se 

26 12,197 86.2 14 2 1.43 .35 F Ck Se 
27 5,352 67.6 9 3 1.79 .49 F Se 
28 12,584 115.7 19 6 1.42 .45 T Ha 
29 10,745 95.0 5 0 1.68 .37 T Ck Ha 
30 9,417 89.7 0 1 1.28 .52 F Ha 

31 5,186 83.2 2 0 1.98 .57 F Ha 
32 13,600 117.5 6 2 1.24 .49 T Gb 
33 14,278 33.7 6 11 0.82 .20 T Ck Gb 
34 6,762 36.1 13 4 1.11 .34 F Mr 
35 15,004 92.9 19 4 1.09 .40 T Pe 
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APPENDIX B (continued) 

Lodged Barren Ears 
Plants/A Plants/A per Wt./Ear Soil' 

Obs. Pop. Yield (%) (%) stalk (lbs.) Plot lype 

36 14,762 32.3 16 22 1.09 .41 T Ok Pe 
37 7,792 31.5 11 23 0.76 .37 F Pe 
38 8,373 50.0 17 10 1.05 .40 F Ck Pe 
39 14,084 90.8 14 3 1.09 .41 T Md 
40 13,407 35.9 14 19 0.81 .23 T Md 

41 4,646 50.4 21 5 1.03 .74 F Md 
42 9,728 43.0 11 3 1.03 ,30 T Fe 
43 9,148 3.7 11 54 0.44 .06 T Ck Fe 
44 9,486 32.6 9 10 0.96 .25 T FX 
45 8,567 3.1 7 81 0.19 .13 T Ck Fl 

46 

47 

48 

49 

50 

16,892 
16,553 
8,048 
9,293 
13,504 

111.0 

49.5 

39.3 

44.2 

108.2 

33 

37 

41 

28 

28 

3 

26 

6 

9 

3 

1.11 

0.71 

0.99 

1.00 

1.53 

.41 

.29 

.35 

.33 

.37 

T 

T Ck 

F 

F Ck 

T 

Hg 
Hg 
Hg 
Hg 
Cr 

51 13,649 71.8 16 1 1.09 .34 T Ck Or 
52 9,414 101.0 18 0 1.25 .58 F Cr 
53 12,148 124.2 13 1 1.67 .43 T Ea 
54 13,794 102.6 26 8 1.26 .41 T Ck Ea 
55 7,623 86.1 13 1 1.32 .60 F Ea 

56 10,793 88.9 10 2 1.33 .43 T Fs 
57 10,067 44.0 21 5 0.97 .31 T Ck Fs 
58 6,347 57.2 82 3 1.19 .57 F Fs 
59 12,971 83.1 10 2 1.10 .41 T Ha 
60 13,794 49.2 1 8 0.89 .28 T Ck Ha 

61 7,799 42.1 7 4 0.99 .38 F Ha 
62 9,002 91.8 2 4 1.43 .47 T Co 
63 9,680 41.3 1 15 0,89 .34 T Ck Tn. 
64 8,385 69.1 3 2 0.10 .46 F Co 
65 11,906 93.6 34 4 1.27 .43 T Hd 

66 9,244 91.6 28 1 lo39 .50 T Ck Hd 
67 9,708 100.9 46 2 1.58 .46 F Hd 

Soil Legend—from Bradley Coimty Soil Survey Manual (12) 
Co .Cotaoo silt loam 
Or Cumberland silty clay loam, eroded undulating phase 
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APPENDIX B (continues) 

Ea Emory silt loam 
Fe Fullerton cherty silt loam, eroded rolling phase
F1 Fullerton cherty silty loam, severely eroded hilly phase 
Fs Fullerton silt loam, er^'d rolling phase 
Gb Greendale silt loam 
Ha Hamblen silt loam 
Hd Hermitage silt loam, undulating phase 
Hg Huntington loam 
Le Leadvale silt loam, undiilating phase 
Md Mimrale silt loam, eroded rolling phase 
Mv Muse silt loam, eroded rolling phase 
Pe Pace silt loam, undulating phase 
Se Sequoia silty clay loam, eroded rolling phase 
Sf Sequoia silty clay loam, eroded unduldting phase 
Sh Staser silt loam 
In Tyler silt loam 
We Waynesboro loam, eroded rolling phase 
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APPENDIX C (continued) 

Input data and the results of the computations are in base-fifty 

floating point notation* Ten digits are required to describe a given 

number in this system; for example, 14.5 would be written as 5214500000, 

The first two digits place the decimal point. Fifty is the base point 

and the decimal point is located immediately following the "0" in 50. 

The decimal point is then moved to the left or to the ri^t of the base 

point according to the numeric difference between 50 and the first two 

digits of the number under consideration; for example, 4914500000 would 

be 0.0145. The decimal point was moved one place to the left of the 

base point because 49 is one less than 50. 
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