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INTRODUCTION 

One of the big problems encountered in experimental 

yield trials of field crops is the variation that occurs 

in yield estimates regardless of how the trial is handled 

with respect to variety or treatment. This so-called 

"natural" variation is the result of such factors as 

heredity, human error, and environment. 

The factor of environment is particularly important, 

especially as it pertains to the heterogeneous nature of 

the soil of a g iven field. Almost any experimental site 

will vary in fertility from one area to the next, thereby 

causing a considerable variation in yield from one plot 

to the next even though elaborate attempts are made to 

r emove all variation. 

Variance in yield will fluctuate according to the 

size and shape of the plots, generally decreasing with 

increasing plot size. However, not all plot sizes and 

shapes are equally efficient from the standpoint of cost 

of operation, so an effort must be made to determine the 

minimum variance along with the minimum cost. 

Each field crop must have this optimum plot size and 

shape determined for it. Since very little work has been 

done on safflower in this respect, it will be the purpose 

of this study : ( 1) to determine the safflower plot size 
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and shape which will give the least variation possible 

and still produce the information desired in an experiment 

where all of the plots are alike with respect to variety 

and treatment; and (2) to correlate cost figures with plot 

size and shape to obtain information regarding the most 

economical plot size and shape consistent with the minimum 

levels of natural variation desired. 

To achieve these purposes three different methods 

will be used. Two have been quite extensively used in 

the past by other investigators working on this type of 

problem with other crops, while the other method has been 

only recently proposed. 



REVIEW OF LITERATURE 

The effect of environmental factors such as soil 

heterogeneity upon experimental field crop trials has 

been recognized for quite some time. Many early workers 

were concerned with the reliability of results taken from 

small field plots. Alwood and Price (1890) recognized 

that while the objective in experimental work was to use 

plots as small as possible, more reliable results we1·e 

obtained when larger plots were used. The American 

Society of Agronomy (1918, 1931, 1932, 1933) in a series 

of reports recommended the use of long narrow plots run

ning perpendicular to the fertility gradient of the field, 

and of a size sufficient to minimize the effects of 

differences in soil fertility, stand, and in harvesting 

and threshing. 

In onP. of the first studies to determine the experi

mental error of field trials, Mercer and Hall (1912), 

working with mangels, used the concept of probable error 

to analyze variation in field experiments. Probable 

error, according to Davenport (1907), is a confidence 

interval within which a true value has an even chance of 

occurring. Mercer and Hall determined optimum plot size 

on the basis of a curve relating plot size and per cent 
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devintion, concluding that one-fort ie th of an ac r e was 

tho best size because a t thi s point the curve f l at t ened 

out; t hat is, tho per coot standar d deviation increased 

only by very small amount s after this point. However , as 

Feder e r (1 955 ) po ints out, thi s method h as a weakness in 

t ha t tho point of maximum curva ture is not i ndependen t of 

the smallest unit se l ec ted, or of the scale of measurement 

used. Bi a3ed c onc lusions could, therefore, resu lt. 

Probabl e error was a l so u sed by Love (1 919 ), Kiesse l

bach (1 919), and Day (1 920) in determining the ext en t of 

experiment al error. Da y concluded from hi s work that tho 

greatest a ccuracy c an be obtained f rom long, narrow p l o t s 

lying in tho direction of the gr eate s t s oil vari a tion , 

and that s quare plots s hould be used if the soi l variation 

wore not k nown. He r ecommended tha t plots be a t l eas t 

one-twentieth of an acre in s ize in order to roduco vari

at ion to a minimum. 

Ge rber et al. (192G) consider ed so il he terogene ity as 

th e mos t important factor in c a us i ng yield variation . 

Working wi th oats and h a y he found a corr e lation between 

contiguous p lot s , but not be tween replicated plot s in tho 

same fie ld, indicating "a f i e l d u neve n in its productive 

capacity ." 

Tho i mportance of s oil heterogene ity was also r e cog

n i zed by Christ idis (1 •31) . He concluded tha t the use of 

l ong p l ots constituted the only means of r educing the 

effect of "patched he ter ogene ity." He proposed a width : 
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length ratio for plot shape, claiming that the smaller the 

ratio used, the less would be the variation encountered. 

McClelland (1926) working with corn, and Odland and 

Garber (1928) working with soybeans, both used uniformity 

trial data in determining optimum plot size. McClelland 

used basic plots one-one hundred eightieth of an acre in 

size, combining them in various forms, and determining the 

per cent error for each combination. He listed this per 

cent error as the coefficient of variation, and he found 

a 30 per cent reduction in error in going from a one

thirtieth of an acre plot size to a one-half acre plot 

size. 

Odland and Garber used eight foot rows as the basic 

units, and the standard deviation as the measurement of 

variability. They found that 16 foot rows gave the greatest 

reduction in error. Neither of these two studies considered 

the cost of operation in determining plot size. 

A fertility contour map was used by Immer (1932) to 

show the soil heterogeneity of a field of sugar beets with 

which he was working. In conjunction with this, he calcu

lated the efficiency of plots of varying size and shape on 

tho basis of variance per unit area of land. Considering 

that efficiency in land use decreases with increasing size 

of the plot, Immer concluded that while the standard error 

decreased as size of plot increased, the reduction was not 

proportional to increased size, thereby resulting in 

reduced efficiency. 
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Up to this point, most data used to determine optimum 

plot size wore analyzed by studying either pr obable error, 

standard deviat ion, or coefficient of variability in re

lation to plot size. Smith (1938), using data from a uni

formi ty trial with wheat, proposed a new method of deter

mining optimum plot size. From a total of 1080 basic 

plots, each one-half by one foot in size, he obtained a 

measure of tho soil heterogeneity by computing the re

gression of the logarithm of tho variance per unit :u-ea 

on the logarithm of plot size. The regression coefficient 

'"b"' was considered by him to describe both the soil and 

plant heter ogeneity of the observed field. He then worked 

out two cost factors, one es timating the part of the total 

cost proportional to tho number of plots in tho tost area; 

and the other estimating the part of the total cost pro

portional to tho size of the tos t area. Using the re

gr ession coefficient and the cost factors, he developed a 

formula which estimates optimum plot size in terms of the 

basic unit. For the wheat data used in the study, Smith 

found optimum plot size to be five feet square, with the 

shape of tho plot having no consistent effect upon the 

variance. 

In another approach, Keller (1949) used the comparable 

variance method of determining optimum plot size. Working 

with hops, he used 750 hills as the basic plots. The vari

ance between the 750 hills was assumed to contribute 100 

per cent informa tion. Tho between plot variance was 
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calculated for each of the 26 combinations of plots, and 

this v~·iance was divided by the number of hills pe r plot 

so t hat the variance c oul d bo compared with that of t he 

individual hill p lots . He found that comparable variance 

incr eases and r elative information de c reases as the size 

of the plot increases. As the plot size increased beyond 

fi ve hill s , t he decrease in relative information became 

very small, and therefore Ke ller r ecommended f ive hill 

plots as being the optimum size. He did not consider cost 

except to note that a s the number of hills per plot in

area ed, the cost of collecting the data increased con

siderably. 

Using the method proposed by Smith (1938), Wassom and 

Ka l ton (1953) estimated optimum plo t s ize for bromegrass 

using uniformity tria l data. A tota l of 1296 basic plots , 

each 3} by 4 feet in size , were harvested and combined in 

23 diffe rent ways. The cos t factors and the average re

gression coefficient " b" was determined, and an optimum 

plot size of 1.86 basic units , or 3 ' by 7! f e et, was calcu

lated from the formula derived by Smith. Significant 

differ ences in the variances of differently shaped plots 

were determined through the use of a two-tailed F-tes t. 

These te s t s indicated generally that the variances were 

small e r when the plot was long in the direction of the 

fertility gradient. 

Brim and Mason (1959) also used the procedure of 

Smith (1938) in estimating optimum plot size for soybean 



yie ld trial s . This wa s es timate d a s 3.1 times the basic 

unit, which was 3 by 8 f e et in s i z e . 
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In th e only s tudy dealing with s afflower, Draper 

(1959) us ed basic plot~ uf tw o s i zes : four-foo t s ingle 

rows and five-foot single rows . On the basis of comparable 

variance, and without regard to cos t factor s , optimum plot 

s i z e was 3 . 33 by 18 fe e t Lor the five -foot bas ic plots; 

and 3.33 by 12 feet for tho four-foot basic plots. Calcu

lating cost factors and utilizing the formula derived by 

Smith (1938), he found the optimum plot size for safflower 

to be 3.33 by 25 feet. 

In an entirely different approach to the relationship 

between plot size and soil variability, Hatheway (1961) 

conte nds that research agronomists arc more interested in 

the convenience and efficiency of a plot size than they 

arc in its cost. On this basis, he outlines a method of 

de termining plot size if the regression coefficient, the 

coefficient of variation, the number of replications 

desired, the level of s ignificance, and the size of the 

difference that it is des ired to detect arc all known, or 

can be readily calculated. This method expresses plot 

s ize independent of costs. 



METHOD OF PROCEDURE 

Agronomic Data 

A safflower uniformity trial planted at the Utah State 

University Field Station, Farminbton, Utah, furnished the 

data for this study. Tho safflower variety, US-10, was 

planted in April of 1960 on a plot of land approximately 

one-half acre in size. The soil in the field was not too 

uniform, having a clay soil in about the northern third 

of tho field, and a somewhat gravelly soil in tho other 

two-thirds of the field . No fertilizer was applied, and 

the field v.as thoroughly watered by furrow it·rigation five 

times during the growing season. Tho climate and length 

of gt·owing season were normal for that area of the state. 

Tho dimensions of the field were 114 feet wide and 

189 feet long. The rows wore planted 22 inches apart with 

a four-row sugar beet planter which nad been adapted for 

usc with safflower seod. Tho rate of seeding was 15 pounds 

per aero, and a fairly uniform stand was obtained. There 

was a total of 62 rows which ran in the long dimension of 

tho field in an cast-west direction. 

The plots which wore to constitute the basic units of 

the study wore not marked off pr !or to harvest. When the 

field was ready for harvest in September of 1960, four 



rows were taken off from each side of the field, and 12 

feet from each end to e limina t e borde r effects. The seed 

from these areas was not weighed. 
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In har vesting t he plots, work was begun from the west 

end of the fi e ld, and procoe ded i n the following manne r. 

A wire was s tr e t ched the width of th e field at the edge 

of the s t anding safflower. Beginning from the s outh side, 

a five-foot stick was laid along each row, and the safflower 

cut with a hand clipper f or that leng th. The plants were 

carried to a s t a tionary plot thresher where the seed from 

each five-foot section of row was thres hed, weighed, and 

r ecorded separately. Yie ld was recorded on a field weight 

b as i s t o the neares t gram. The seed was bulked immedi a tely 

af t e r its weight was r e corded. The row of plots from south 

to north was designated a range, and as each range was 

completed, the wire was moved east 5 feet until all 33 

ranges were harvested. 

Comparable Variance 

This procedure gave a total of 1782 one row, five

foot plots which were considered the basic plots for this 

study. Contiguous plots were then combined from west to 

east a nd from south to north (sec Appendix, Figure 7, for 

a diagram showing the l ayout of the field) in a total of 

32 different combinations; and the among plot variances 

of these different combinations computed. These among 

plot variances wer e designated V (x) . The among plot 
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variances were then divided by tho number of basic units 

per plot to give the comparable variance, designated as 

v. 

The comparablo variances were in turn divided by the 

number of basic units per plot (x) to give the variance 

of yield per unit area. This was designated Vx. Combined 

with t ho previous method for finding the comparable vari-

anco , Vx can be computed directly by the following relation

ship: 

Tho variance of the yield per unit area (Vx) is used in 

tho next section to compute the regression coefficient. 

To obtain a measure of relative information, the com-

parable variances for all plot sizes were compared to the 

plot size having the smallest comparable variance. This 

method has been used by several investigators, an1ong them 

Koller (1949) and Wassom and Kalton (1953). 

The Regression Coefficient and Cost Factors 

Optimum plot size was also determined taking into 

account the soi l heterogeneity and relative costs. In 

deriving this method, Smith (1938) showed that an empirical 

relationship existed between plot size and plot variance. 

He characterized thi s relationship with the equation: 

(1) 



where Vx i s the variance of the yield per unit area among 

plots which are x units in size; V 1 i s t he variability 

among the basic units; and b i s a r egr ess ion coefficient 

providing a measurement of the soil het e rogene ity. 

The r egres s ion coefficient will Val' Y between zero 

and plus or minu s infinity. Values greate r than one a.ro 

different t o interpret, so only those v a lu es between zer o 

and p l us or minus one, indicat i ng complete correlation 

and no correlation r espectively be tween plots, arc con

sider e d usefu l. 

12 

A value close to zero indicates a very uniform field, 

while a value near one would indicate a field vary he ter

ogeneous in soil fertility. The regres s ion coeffic ient 

will be constant for any given crop on any given field, 

but it will vary from crop to crop and from year to year. 

When equation (1) is expressed in logarithmic form, 

it becomes: 

log Vx • log V1 -b log X 

and from this b can be estimated as the linear regression 

coefficient. 

In order to use b in conjunction with relative costs 

to estimate optimum plot size, two cost factors, K1 and K2 , 

must be de termined. K1 is the cost proportional to the 

number of plots in the test area; and ~ is the cost pro

portional to the total test area . These cost factors 

wer e determined from information supplied by individuals 
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experienced in workin~ with . afflower, and r epr esent tho 

most convenient and usual methods used in safflower yield 

trials. 

The optimum size of plot in number of basic units 

was then calculat ed by s ubstituting the calculated values 

of b, K1 , and K2 into the formula derived by Smith: 

X -

The r esu lting calculated v a lue of x gave the optimum 

plot size i u number of basic units, without r egard to tho 

shape of the plot. The optimum shape was then determined 

by a comparison of variances of the different plot shapes 

that could be made up with that number of basic units; and 

by a consideration of the convenience with which each of 

the variously shaped plots could be handled. 

Convenient Plot Size 

The most convenient plot size depends upon factors 

other than the cost and the regression coefficient done. 

Utilizing data from tho previous sec tions , convenient plot 

s i ze was estimated by usc of tho formula suggested by 

Hatheway (1961): 

In this formula, x is the optimum p lot size expressed 

in multiples of the basic unit, and b is the r egr ession 



coefficient that was calculated previously. c12 i s the 

square of the coefficient of variat ion of plots one bas ic 

uni t in s i ze. The value d2 i s the square of the difference 

between treat ment s or varieties that it i s desired to 

detect, and r is t he number of r eplications desired. The 

values t1 and t 2 arc re a d from t he t -table, and depend 

upon t he l e vel of s i gnif icance de s ire d, and upon the 

degrees of freedom available for estimating err or . 

The r equir e d data was supplied by safflower r esear cher s, 

and is such t ha t it r e present s t he most common and desire

a ble procedures in conducting safflowe r y i e ld trial s . 

He r e again plot shape was de t e rmi ne d on the basis of 

v aria nces and convenience in handling, s ince the calculated 

value of x gave only the multiples of the bas i c unlts to be 

used without r egard to plot shape . 



RESULTS AND DISCUSSION 

The 1782 basic plots which comprised the entire 

harves ted area of the experimental field each had di

mensions of 1.8 feet wide by 5 feet long. These basic 

plots were added together so as to produce 32 different 

combinations of row by r ange. The maximum width used was 

six rows, or 11 feet, while 11 ranges, or 55 feet, was the 

maximum length used. Except for the singl e r ow plots, 

only combinations using two, four, or six rows wore used, 

since plots of thi s width could be conveniently handled 

with the planting and harvesting equipment available. 

Thes e basic plots varied considerably in productivity 

in that about one-third of the rows on the north end of 

the fie ld had an aver age production of twice that of the 

other rows. This increased yield might be expl ained by 

the higher clay content of this section of the field, 

which in turn could have caused a higher water retention 

than waR possible in the res t of the field where a gr avelly 

or sandy soil predominated. The productivity of the field 

from cast to west, the direction of water flow, was rela

tively uniform as measured by the tot a l yield of each 

range. 

As a result of this yield differential, a r emarkable 

incons istency developed as the data were analyzed. Tho 



regress1on coefficient b, which is a measure of soil 

he terogeneity, was calculated as being 0.1 for this 
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f1eld. This would seem to indicate a field with an almost 

perfectly uniform soil. At the same time, the coeff1cient 

of val'iation for the basic plots was computed as 39.5 per 

cent. Even on the maximum sized plots, the coefficient 

of variation was reduced by only 10 per cent--to 29.5 per 

cent. 

The effect of this disproportionate yield between tho 

two sides of the field was to increase the variance per 

unit area by a large amount. This, in turn, decreased the 

total change in the logarithm of the variance, giving a 

very small regression coefficient. Figure 1 is a scatter 

diagram showing the regression of the logarithm of the 

variance of yield per unit area on the logarithm of size 

of plot. 

The difference in yields so inflated the var1ance 

per unit area that an accurate estimate of b was not 

possible. It also caused the unusually high coefficient 

of variation. On this basis it was decided to exclude 

the northern third of tho field from tho analysis. This 

left a total of 36 rows, or 1188 basic plots, to de tormine 

optimum plot size. The same combinations of basic plots 

wore used except that all those involving tho last 18 

rows wore excluded. This excluded area is noted in Figure 

7, and in Tables 7 and 8 in tho Appendix. Table 9 in the 

Appendix contains the analysis of the data from the 1782 

basic plots. 
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The results of the analysis of the data from the 1188 

basic plots will be presented and discussed in four sections: 

comparable variance; soil heterogeneity and relative costs; 

convenient plot size; and plot shape. 

Comparable Variance 

For each of the 32 different sizes of plots, an among 

plot variance (V(x)) was calculated using standard methods. 

In order to compare these variances on a per plot basis, 

each among plot variance was divided by the number of 

basic units making up the plot. This gave the comparable 

variance (V). To obtain the variance of the yield per 

unit area (Vx), each among plot variance was divided by 

the square of the number of basic units making up the 

plot. 

The comparable variance of each plot size was cotnpared 

to the basic unit as per cent relative information. The 

variance of the basic units was assumed to contribute 100 

per cent relative information. Many of the plots were of 

such a size and shape that not all of the 1188 basic plots 

could be used in the combinations. All of the plots not 

used in these combinations were on the east end of the 

field. The per cent of the total area used was calculated 

for each plot size. All of the information derived from 

these calculations is listed in Table 1, along with the 

coefficient of variation and the regression coefficient 

for each plot size. 
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Table 1.. Comparable var iancc, variance of yield per 
unit area, relative information, coefficient 
of variation and regression coefficient for 
the 32 combinations of plot size and shape 
of 1188 basic units 

No. basic Shape No. of Area Among plot Comparable 
units (row by plots used variance variance 

(x) range) (%) (V(x)) (V) 

l lx1 1188 100 1365 1365 
2 lx2 576 97 3844 1922 
2 2x1 594 100 3738 1869 
3 lx3 396 100 7530 2510 
4 lx4 288 97 12035 3019 
4 2x2 288 97 11352 2838 
4 4xl 297 100 11165 2791 
5 lx5 216 91 16796 3359 
6 lx6 180 91 20723 3454 
6 2x3 198 100 22730 3788 
6 6xl 198 100 19536 3256 
8 lx8 144 97 34061 4258 
8 2x4 144 97 36835 4604 
8 4x2 144 97 36396 4550 
10 2x5 108 91 52909 5291 
11 lxll 108 100 54467 4952 
12 2x6 90 91 64813 5401 
12 4x3 99 100 73823 6152 
12 6x2 96 97 64866 5406 
16 2x8 72 97 104304 6519 
16 4x4 72 97 122414 7651 
18 6x3 66 100 132442 7358 
20 4x5 54 91 178421 8921 
22 2xll 54 100 165155 7507 
24 4x6 45 91 214956 8957 
24 6:::4 48 97 225112 9380 
30 6x5 36 91 332235 11075 
32 4x8 36 97 355958 11124 
36 6x6 30 91 398729 11076 
44 4xll 27 100 574144 13049 
48 6x8 24 97 616477 12843 
66 6xll 18 100 989994 15000 
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Table 1. Continued 

Variance Relative Coefficient Standard Regression 
per unit infor- of error coefficient 
area mat ion variation (b) 

(Vx) (%) (%) 

1365 100 24.5 37 
961 71 20.5 62 0.51 
935 73 20.2 61 .55 
837 54 18.9 86 .44 
752 45 18.2 110 .43 
710 48 17.7 107 .47 
698 49 17.5 106 .48 
672 41 17.0 129 .44 
576 40 15.8 144 .48 
631 36 16.7 151 .43 
543 42 15.5 140 .51 
532 32 15.2 184 . 4~ 
576 30 15.9 192 .42 
569 30 15.8 191 .42 
529 26 16.5 251 .41 
450 28 15.3 254 .46 
450 25 14.0 255 .45 
513 22 15.0 272 .39 
451 25 14.1 255 .45 
407 21 13.4 323 .44 
478 18 14.4 349 .38 
409 19 13.4 364 . 42 
446 15 13.9 423 .37 
341 18 12.2 406 .45 
373 15 12.7 464 . 41 
391 15 13,1 474 .39 
369 12 12.7 576 .38 
348 12 12.3 597 .39 
308 12 11.6 631 .42 
297 11 11.4 758 .40 
268 11 10.1 778 .42 
227 9 9.9 994 . 43 
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The comparable variance of the basic plot size was 

found to contribute the greatest r e l at ive informat ion. As 

plot size increased, the relative information decreased, 

as did tho variance of yield per unit area. As is shown 

in Figure 2, the decrease in relative information was most 

rapid up to a plot size of about eight to ten basic units, 

and changed only a relatively small amount after thi s 

point. 

Just as the relative information had a r ap id initial 

decrease, so did tho variance of yield per unit area, which 

was very high for the basic plots, decreased rapidly up to 

a plot size of about eight to ton basic units. After this 

point, the var lance per unit area decreased much more 

s lowly. Figure 3 shows the effect of increasing plot size 

on tho variance of yield per unit area. 

This information indicates that a plot size of about 

eight times the basic unit might be optimum, when both the 

decrease in relative information, and tho decreased vari

ance arc considered. While increased plot size would 

further s till reduce the variance, the amount of land 

required would make the information so obtained more costly. 

Soil Heterogeneity and Relative Costs 

Another estimate of optimum plot size was made using 

Smith's regression coefficient--relative cost relationship. 

Using tho formula derived by Smith, 
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the regression coefficient b was calculated for each plot 

size. The average value for b for the 32 plot sizes was 

0.43. This value, a measure of the soil's heterogeneity, 

indicated a field a little above average i n uniformity, 

if the range from 0.4 to 0.7 is considered to be a common 

one. 
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Tho calculated value for b would hold only for that 

portion of the field that comprised the 1188 basic plots. 

The graph in Figure 4 i s the regression of the logarithm 

of the variance of yield per unit area on the logarithm of 

size of plot. The straight line reflects the linear re

lationship shown in the equation above. 

In addition to the regression coefficient, the two 

cost factors, K1 and K2 , had to be estimated . Table 2 

shows the various operations considered in arriving at 

these factors. In column 1 the cost of each operation is 

given in terms of man hours. Machinery costs were not 

considered in thi s estimate, although such costs were 

involved, particularly in the harvesting operation. 

Furthermore, these costs estimates would apply directly 

only to the experimental field used in this study. 

The per cent of the total cost attributable to each 

operation is given in column 2. The percentage of column 

2 is then broken down into column 3, that cost proportional 

to the number of plots in the test area (K1 ); and into 

column 4, that cost proportional to the total size of the 

test area (K2 ) . 
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Table 2. The estimate of K1 , cost proportional to number 
of plots in tho test area; and K2 , cost pro-
portional to the total test area 

Cost in Per cent of K K2 
man hours total 1 

Operation (l) (2) (3) (4) 

Land preparation 2 0,5 0.3 0.2 

Seed preparation 40 10.7 9.7 1.0 

Planting plan 8 2.1 2.1 

Planting 9 2.4 1.6 0.8 

Care of plots 90 24,0 4.0 20.0 

Notes 6 1.6 1.2 0.4 

Harves ting 120 32.0 30.0 2.0 

Statistical analysis 100 26.7 25.2 1.5 

Totals 375 100.0 71.1 25.9 

Tho proportions calculated in this table, K1 • 74.1 

per cent and Kz = 25.9 per cent would apply particularly 

to tho field of this study, but might also be considered 

as rcprasontative of safflower yield trials usiug the 

same general procedure and equipment. 

In Table 3, a brief description is given for some 

items included in tho various operations upon which the 

cost factor estimates were based. 

Those three calculated values, b • 0.43, K1 = 74.1 

per cent and K2 - 24.9 per cent, were then substituted 

into the formula of Smith, 
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able 3. A brie f description of some of the sub-items 
included in tho mnj or i toms of cost in saf
flower yield trials 

Operation 

Land preparation 

Seed preparation 

Planting plan 

Planting 

Care of plots 

Notos 

Harvesting 

Statistical analysis 

Items 

Measuring, staking, irrigation 
furrows (Does not include 
plowing or discing) 

Counting or weighing, labeling 
envelopes, packaging , randomi
zing, putting in proper soquoncc 

Writing, randomizing 

Lay out envelopes , plant seed 

Weeding, irrigation, spr aying 

Checking, maturity, stand 

Cutting border areas, combining, 
recording, weighing 

Analysis of data 

b K1 
X • -----

(1-b) K2 

to obtain an estimate of optimum plot size. Tho computed 

value is 2.2 times tho basic unit, a figure conside1·nbly 

smaller than t hat arrived at by considering the variance 

alone. Smith indicates, however, that tho actual plot 

size could fluctuate both above and below this value 
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without losing what might bo consider ed optimum plot size. 

It is evident that as cost proportional to the number 

of plots increases, tho optimum plot size increases. 

Figure 5 shows the effect of soil heterogeneity, and tho 
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part of tota l cost proportional to number of plots in the 

test area, on the optimum plot size in basic units. As 

tho value for b approaches unity, the value for x becomes 

very high. 

Convenient Plot Size 

Although the method of obtaining what Hatheway calls 

a convenient plot size is only very recently proposed, it 

will be included in this s tudy as a matter of interest. 

In using the term "convenient plot size" Hatheway 

refers to a plot size which will tell the experimenter 

what he wants to know, regar dless of the cost that is 

involved. 

By using a formula for number of replications, and 

Smith's vnt·iance relationship, Hatheway derives tho formula, 

which gives a convenient plot size in multiples of the 

plot s ize currently being used--in the case of thi s study, 

the basic plot. All of the variables, except x, are 

specified or taken from various data. 

For the purpose of this study, b will be taken as 0.43, 

tho regression coefficient of the field of 1188 plots. The 

value, 2 c1 , is the square of the coefficient of variation 

of the basic plots, or (24.5) 2 . A precision sufficient to 

detect a true difference of 15 per cent in 80 per cent of 



the experiments at a 40 per cent level of signif1cance is 

specified for the values of d, t2, and t 1 respectively. 

The values for t1 and t 2 for 100 degrees of freedom are 

read from the t-table as 0.84 and 0.84 respectively. Tho 

100 degrees of freedom is a common number in safflower 

yield trials. The number of replications is specified as 

six. 
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Substituting those values into tho above formula, and 

evaluating by logarithms, a convenient plot size of 8.3 

times the basic unit is calculated. While this value 

could easily be altered by changing any one of the var i-

ables in the equation, an attempt was made to usa values 

for the variables that coincided closely with currect 

practices in conducting safflower yield tests. 

One interesting aspect of the use of this formula 

deserves mention. Hatheway used the relationship derived 

by Smith, that 

in working out his convenient plot size formula. It could 

bo assumed, since he docs not state otherwise, that he 

attaches the same meaning to the value of b, namely that 

it is a measure of the soil heterogeneity, and that as 

values of b near unity, they indicate a very non-uniform 

soil. Figure 6 shows tho relationship between the regres-

sian coefficient and plot size using Hatheway's formula. 
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In this case, as tho regression coefficient approaches 

zero, the values for tho plot size (x) become very largo. 

This is quite the opposite of what happens with Smith's 

formula as shown in Figur e 5, whore p lot size becomes very 

lar go as the regress ion coeff icient approaches u nity . This 

l a tt e r case is what would be e xpected on the basis of the 

stated meaning for the regr ession coefficient b. An ex

planation i s needed for thi s apparent divergence. 

It was tho opinion of Smith that plot shape generally 

had no consistent effect on tho varianc e. Figur e 7 shows 

tho effect of number of rows (plot width) on the variance 

of yield por unit area for plots o f different lengths. 

Tho gr eat es t amount of r e duction in variance occurred 

with t ho one row plots, and a considerable, thou gh l esser, 

amount with tho two 10w plots. Tho four and six row plots, 

while their variances were lower, did not decrease the 

var ianco as much as did tho other two. Tho increased 

s ize of the plots could be considered as the main r eason 

for thi s decrease in v ariance . 

In Table 4, a compari s on of the variance of yie ld per 

unit a r ea i s g iven for long narrow plots; and for tho 

corresponding short, wide plots. It can readily be seen 

that the re i s very little diffe r ence in variance due to 

shape of plot. 

In considering plot shape , it i s important to consider 

convenience i n handling tho p l ots. A se lf-propelled plot 
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Table 4. A comparison of the va1· iances of yield p r unit 
area for narrow, long plots and for s hort , wide 
plots 

No. Long , narrow plots Short, wide plots 
basic Shape Variance Shape Variance 
units row x r ange row x range 

1 1 X 1 1365 1 X 1 1365 

2 1 X 2 961 2 X 1 935 

4 1 X 4 752 4 X 1 698 

6 1 X 6 576 6 X 1 543 

8 2 X 4 576 4 X 2 569 

combine used in harvesting yield trials cuts two rows a t 

a time . It could not be u s ed on a ono row plot, and it 

would be awkward to handle on four and s ix row plots. 
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IVlth this factor in mind, plus the fact that variance 

is only slightly affected by plot shape , it i s r ecommended 

that plots two rows wide be used. 



CONCLUSIONS 

Of the three methods used to estimate optimum plot 

size, two indicated that about 8 times the basic unit 

would give tho information desired. The third, relating 

soil heterogeneity and relative costs, gave an optimum 

plot size of about two times tho basic unit. As can be 

seen from Table 1, the variance of yield per unit area for 

the plots sizes using two basic units is quite high, 

particularly as compared to the eight unit plots. 

However, as Smith pointed out, the plot size calcu

lated from his formula could be as much as 4 times tho 

calculated value, and still be considered an optimum plot 

size. The plot size calculated by the other two methods 

falls within this limit. 

Considering these factors, it was concluded that as 

a result of this study, optimum plot size for safflower 

yield tests was 8 times the basic unit a s used in this 

experiment. Taking into account the recommendation con

cerning plot shape, this would mean a plot two rows wide 

by four ranges long, or 3.33 feet wide by 20 feet long. 

This size and shape plot was arrived at by taking into 

account cost factors, soil heterogeneity, the reduction in 

variance duo to increased plot size, and the inforntation 

that is desired from safflower yield tests. It is a little 



smaller than tho 3.33 by 25 foot plot size recommended by 

Drape r (1959) in his study on saff lower. 
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Since many of the res ult s involve the use of the re

gression coefficient b in their calculation, a fluctuation 

of this value could easily cause differences in optimum 

plot size. Another approach to the problem would be to 

compute optimum plot sizes for a number of different areas 

and conditions. 

It should be pointed out that tho convenient plot 

size arrived at by tho use of Hatheway' s formula should 

not be considered as completely r e liable or conclusive. 

This i s so for two reasons. Tho first is that it is some

what coincidental to arrive at a plot size which is the 

same as tho plot sizes derived by tho other methods, since 

the valuos used in Hatheway's formula can be changed at 

will. The second is that the effect of the regression 

coefficient on plot sizo is directly opposite to what would 

be expected if a high value of b indicates a vary hetero

geneous soil. The use of Hatheway's formula was included 

1n the study as a matter of interest, and should be con

sidered as such. 

Tho other recommendations and data in this study also 

can not be considered as all-inclusive. Technically, they 

pertain only to the field and crop used for this experiment. 

They can, however, be a recommendation-that a plot 3.33 by 

20 feet in size is a good starting point. 



SUMMARY 

Optimum plot size and shape for safflower yield trials 

was calcul ated using data from a saf:Clower uniformity trial 

planted at Farmington, Utah, in 1960. The area used was 

harvested as 1782 one row by five-foot basic plots, of 

which 1188 plots were used in this study. This latter was 

due to a high yield differentia l between one-third of tho 

field, and the other two-thirds of the fie ld caused by an 

uneven moisture retention of the soil. 

Optimum plot size was calculated in t hr ee ways. Using 

comparable variances, 1 t was found to bo 8 times the basic 

unit. Taking into account soil heter ogeneity and relative 

costs, two basic units was found to be optimum. By speci

fying certain levels of information desired, a convenient 

plot s ize of 8 times the basic unit was calculated. 

It was found that plot shape had little effect on 

variances, so a width of two rows was indicated, so that 

tho plots mi ght be most efficiently handled. 

All factor s considered, an optimum plot size and shape 

for safflower yie ld trial s was found to be 8 times the 

basic unit, or 3.33 feet wide by 20 feet l ong. 
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Table 5. Seed yields per basic plot 1n grams ( section I of Figure 7) 

Range number 
Row 

17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 No. 

127 163 151 138 126 125 131 142 150 140 126 148 140 129 115 110 160 1 
15:.1 136 120 149 126 212 118 122 184 123 129 145 134 112 112 117 1-12 2 
104 179 145 139 107 126 107 130 155 163 153 184 120 137 127 126 125 3 
109 118 128 128 l:J5 119 140 150 144 142 179 100 127 126 125 108 159 4 
125 97 118 205 125 127 125 124 157 161 137 160 160 108 123 122 101 5 
130 1-17 140 133 116 103 98 1 •• :: 163 97 122 1!)7 113 130 102 107 91 6 144 161 146 166 142 1H• 96 117 153 157 135 161 169 129 92 120 113 7 
168 137 129 92 121 151 146 166 136 200 178 126 132 124 131 97 !-10 8 
140 124 105 123 81 103 130 125 116 68 169 169 157 103 112 92 98 9 174 103 83 110 166 112 121 117 110 111 126 177 91 91 109 97 77 10 168 210 133 122 124 127 166 255 151 11::! 174 134 105 83 93 62 llO 11 199 161 163 156 123 140 so 165 ::!12 1<12 191 131 129 148 80 79 99 12 135 149 130 110 141 145 129 86 128 118 145 135 119 91 104 75 71 13 157 172 164 155 144 118 106 244 146 144 162 143 105 40 97 73 86 14 194 161 128 154 169 163 1:.!9 142 172 195 194 155 127 90 83 105 109 15 
184 188 150 214 154 188 124 166 124 158 170 143 130 105 163 115 112 16 152 149 130 179 149 208 135 156 129 192 184 161 160 125 104 102 104 17 133 177 198 199 170 267 220 132 164 173 244 143 120 104 97 130 117 18 157 172 164 188 181 :l22 169 130 192 221 203 230 161 110 123 116 139 19 1-16 167 182 175 161 194 196 130 103 116 237 160 125 143 114 103 139 20 127 149 168 153 132 161 129 160 166 255 241 198 108 166 98 91 111 21 151 181 181 184 189 168 203 144 147 162 246 156 155 172 91 105 213 22 191 208 134 173 171 167 128 176 188 147 197 213 210 172 114 138 217 23 151 143 168 184 133 177 148 130 157 196 159 179 177 187 107 170 239 24 236 257 124 212 168 137 136 196 207 313 150 177 225 237 127 193 184 25 207 193 153 133 118 91 147 205 146 244 136 156 187 149 169 164 177 26 229 132 139 160 124 186 146 160 143 184 108 138 178 151 193 149 152 27 

.... 
~ 



Table 6. Seed yields per basic plot in grams (section II of Figure 7) 

Row Range number 
No. 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 

1 132 100 106 127 163 186 132 130 108 57 116 112 78 73 113 108 2 136 166 160 191 165 150 167 150 141 170 132 132 150 69 5 \J 8 ·1 3 165 194 145 208 136 156 124 125 193 160 156 183 107 131 82 7 4 60 117 96 139 110 117 126 185 142 184 156 204 184 137 135 87 5 118 104 96 128 132 212 151 148 107 122 160 133 169 141 153 101 6 78 56 86 115 135 107 76 112 162 165 161 144 133 149 153 142 7 62 69 56 94 88 126 127 150 149 186 184 147 153 167 142 140 8 102 74 65 78 103 159 168 188 167 161 154 143 169 136 142 123 9 126 114 101 83 124 114 139 144 139 160 174 168 190 159 143 127 10 98 151 138 96 198 177 166 136 174 153 148 160 152 189 153 127 11 233 125 185 175 93 162 150 175 186 149 134 163 180 158 146 120 12 161 141 124 167 168 146 142 119 174 164 184 204 150 178 147 148 13 198 108 131 122 166 166 99 133 127 108 161 120 170 122 132 144 14 148 107 156 169 151 130 129 142 143 182 175 128 155 146 149 126 15 186 118 163 152 156 140 126 159 119 105 137 134 167 175 137 123 16 146 161 126 205 177 132 120 166 157 153 154 157 163 150 163 149 17 159 132 162 161 138 148 138 146 127 134 137 135 161 137 144 134 18 148 173 117 166 15:l 176 132 184 132 132 121 126 140 163 120 153 19 175 172 217 179 186 139 205 177 193 151 169 186 172 83 169 119 20 107 150 145 214 146 134 130 125 136 148 112 142 130 122 144 191 21 152 154 150 120 182 174 145 158 164 190 123 151 204 121 172 140 22 133 138 101 137 138 112 83 137 109 162 1:17 111 162 99 135 132 23 148 1 64 147 144 1 -15 131 112 1!ll 156 178 151 132 119 141 183 164 24 137 147 94 138 123 99 126 156 155 164 125 148 152 130 120 167 25 148 204 137 154 159 147 140 130 209 165 238 173 179 160 142 169 26 192 208 129 158 158 125 135 198 164 125 172 198 160 125 151 198 
27 94 141 89 149 128 134 114 168 121 145 112 136 138 100 121 160 

,.,.. 
c..o 



Table 7. Seed yields per basic plot in grams (section III of Figure 7) 

1 ~angi0numgcr 8 3 2 Row 17 16 15 U. 13 12 7 6 5 4 1 No 
152 114 150 154 144 157 175 200 134 163 169 170 23·1 124 177 HS 154 28 :.. 1t 115 133 153 U!:! 119 130 IUS 108 188 lll4 260 175 153 156 102 149 2 :> 151 176 21J 152 114 204 268 266 182 155 273 260 149 263 159 182 208 30 210 1 J 3 170 194 21J 197 230 235 221 176 H6 221 195 190 206 157 188 31 HI l1L. 170 171 121 150 150 200 125 1•19 H!l 1:J5 1-11 184 135 145 154 32 16:.> 1·'1": 1U2 137 16~ 207 234 201 14·1 160 155 1(j9 215 167 1·10 138 134 33 "" l.l5 lJI 146 213 107 215 210 Hl3 144 172 114 172 1dl 14 '7 153 74 l:JJ 3<! 1(j6 184 171 HIS 173 229 225 233 162 156 153 IuS 210 170 110 125 125 35 173 162 175 202 212 136 177 204 149 198 175 192 171 145 124 159 110 36 

a 134 162 136 197 214 121 201 183 142 80 15·1 166 101 Ill 83 69 99 37 171 207 169 149 230 199 174 269 80 153 155 134 162 122 163 ]~5 163 38 182 170 139 277 202 242 292 177 165 168 168 171 138 H6 152 155 162 3 9 175 157 170 ~:Jl 261 173 253 311 262 252 220 190 299 183 140 175 221 40 22 ~1 210 207 244 272 1'J7 203 159 268 236 240 244 211 201 195 253 163 41 105 216 223 232 369 270 228 113 136 191 105 270 264 366 212 1~1 136 42 :W•l 3J4 261 355 340 317 232 225 213 234 181 345 232 255 190 182 213 43 290 2l:l5 207 205 274 238 268 200 163 261 328 210 347 282 317 232 197 44 27-1 305 247 354 290 283 175 1 66 264 366 288 314 287 366 206 251 185 45 2:::2 313 285 200 396 306 243 239 316 308 333 340 304 342 311 315 2 112 46 274 279 277 274 353 250 283 359 143 324 329 354 ~! .~2 3:0 ~ ~ ~ 2 9 ·1 299 47 " " " 347 311 265 278 310 305 233 363 397 379 302 407 369 336 364 371 289 48 2 02 307 308 341 305 325 322 322 289 355 134 330 350 316 :J·JU 200 J49 49 256 3 92 246 342 252 3!7 210 312 31-1 284 333 397 235 281 318 314 2 93 50 276 202 309 360 314 305 298 272 250 337 325 240 364 320 34.1 241 2.-11 51 J60 346 J48 359 •144 384 307 44•1 325 391 537 370 424 266 325 295 3 ·18 52 334 267 338 293 318 295 326 218 282 3~9 266 335 402 418 437 308 353 53 306 291 242 433 378 4-11 332 398 •134 -•V 
~ ~ ... 'l r 337 357 326 334 390 54 -- J ::tRows ::17 t o 54 : Plots excluded -ocu ,HI >1 n:olysi s ... 

"" 
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'15 174 138 189 128 155 73 222 18•1 189 203 ::::o ::!7-1 ::::33 2Gt3 J.lD 211 

16 164 263 220 105 10<1 132 2-12 358 213 279 300 28G 286 2<H 2/8 3IG 

17 159 252 24~ l7o 1--l:J 1-11 186 254 220 219 l 9 2J7 218 32.'3 ~87 2.l£ 

48 158 2'14 175 177 150 117 202 1:>2 GG 1·.13 :... 1-.1 212 -:.:G 20::. ~ .. :; 321 

1•) 26G 282 :J76 208 209 l::H :!JO :J ll :..-L 2JO 20G -..~2v 280 ->02 v--1(> 3.}8 

5() 236 239 203 207 137 181 22~ 189 202 239 1 79 2G2 2!:i3 2JG 3·15 Ju~ 

51 222 265 l!l8 232 169 221 187 325 l.J7 .... :;4 215 :a a . .H•l 2til 2c:_ ·12) 

S2 217 338 !18 223 l 1 l ~.1<1 lOG ~ ~..12 206 2ud uJU 219 -JL. uJ- ~ l·i oJ5~ 

53 158 l--13 1-18 137 02 116 1 >o 1S2 210 26(; 178 218 ::.o-1 ~~tj 2·1 1 :..IG 

5--l 176 l.G 126 175 1 i 5 185 130 l.S-1 ~:.;:; :;oJ ~52 :.>:..:5 ~ 13 1 76 2Ju :.., lJ ~ ------ ·----
:: Howe; 37 to 54: Pluts excluded in -;ucund an:Jlysi'> 

~ 

"' 
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T::..bl c 9. Plot S i7 0S , c omr·a.r r• l>l c va rian c o , va.r i a nco per 
un1t ,u ca , a nJ r e l a tive infor mation for p lots 
i nvo l v ing t he cutir o h arves t e d area of 1782 
bas ic plots 

S1zca Shape No. Ar e a Comp. Va.r. Ro l. Co0f. 
row plots used var. Ulll.tb info. var. 

by (%) (V) area (%) (%) 
r a nge (Vx) 

1 1x1 1782 100 4920 4920 100.0 39.1 
2 1x2 864 97 8705 4352 56.5 36 . 8 
2 2x1 891 100 8393 4196 58.6 36 . 0 
3 1x3 594 100 12158 4053 40.5 35.4 
4 lx4 432 97 15902 3976 30.9 35.0 
4 2x2 432 97 15666 3917 31.4 34.8 
4 4x1 429 96 13327 3332 36.9 32,8 
5 lx5 324 91 19900 3980 24.7 34.2 
6 1x6 270 91 23528 3921 20.9 34.4 
6 2x3 297 100 22566 3761 21.8 34.2 
6 6x1 297 100 21425 3571 23.0 33.4 
8 1x8 216 97 29720 3715 16.6 33.9 
8 2x4 216 97 20528 3691 16.7 33.8 
8 4x2 208 93 25541 3193 19.3 32.1 

10 2x5 162 91 37253 3725 13.2 33.6 
11 lxll 162 100 38491 3499 12.8 33.0 
12 2x6 135 91 44313 3693 11. 1 33.5 
12 4x3 143 96 36894 3075 13.3 31.6 
12 6x2 144 97 42053 3504 11.7 33.0 
16 2x8 108 97 56088 3505 8.8 33,0 
16 •1x4 104 93 48703 3044 10 . 1 31.3 
18 6x3 99 100 61222 3401 8.0 32.6 
20 4x5 78 88 61255 3063 8.0 31.1 
22 2xll 81 100 73505 3341 6.7 32.3 
24 4x6 65 88 72741 3031 6.8 31.0 24 6x4 72 97 81338 3389 6.1 32.4 
30 6x5 54 91 104037 3468 4.7 32.4 
32 4x8 52 93 93130 2910 5.3 30.7 
36 6x6 45 91 124637 3462 3.9 32.4 
44 4xll 39 96 123252 2801 4.0 30.2 
48 6x8 36 97 158354 3299 3.1 32.0 
66 6xll 27 100 210259 3185 2.3 29.8 

aNumber of basic un1t s 
bvar ianco o f yield per unit ar e a 
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