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INTRODUCTION

In the randomized design used for the Farm Crops Depart-
ment corn trials in 1943, and years previous, half of the
experimental area was used by the check variety. The ques-
tion arises, 1s it necessary to use half or even a quarter
of the experimental area for checks? This question forms
the basis for part of the investigations that the writer
presents In this paper.

The other part of these investigations deals with the
particular field design for corn used in 1944, and is under-
taken with the hope of finding a method by which the lowest
valid standard error for the whole experiment can be ob-

tained.
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REVIEW OF PREVIOUS LITERATURE

Love (3) states that in the system of randomization and
its analysis of variance, there is a general tendency to
have few or no check plots., He also states, "For many kinds
of experiménts it is important to use checks, but although
the deviations are smallest when the checks are placed at
frequent intervals, it may not be necessary to locate the
checks as closely together as indicated by the preliminary
data since this will require a considerable area of land for
the checks."

The method of averaging standard errors has been used
by Down and Brown (1) in wheat studies, Their errors were
based upon percentages of mean yields. .Hays and Garber (2)
feel that the method of obtaining an error is more or less
of an arbitrary matter depending on the degree of accuracy
wanted.

Hayes and Garber (2) quote the following with regard to
using the probable error of the checks for the error of all
varieties. "It is possible to use sufficient check plots so
that the computed probable error of a single determination,
i. e., SD x ¥,6745, may be reliable for the variety in ques-
tiom,"

Down and Brown (1) in wheat investigations consider the
error of checks to be that of the varieties when testing for

significance between varieties,
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MATERIALS

The data on yield per acre used in this investigation

was collected from corn trials in 1943 and 1944.
1943 data:

In 1943 the corn varieties were planted in randomized
blocks, each replicated five times, with chedks occurring in
every other plot. A plot consisted of one row ten hills
long, with each hill being thinned to three stalks when the
seedlings were about four inches high. The trials selected
for these studies were: Saginaw County with 28 varieties;
Huron County with 25 varieties; St. Joseph County with 39
varieties, Other trials were not used because they did not
contain sufficient data., The ylelds were corrected for

missing stalks.
1944 data:

A different plenting plan was selected for use in 1944,
when a design consisting of a series of 6 x 6 Latin squares
was adopted., Five varieties were planted in each square
elong with a sixth variety which was common to all squares.
This sixth variety served as a standard. Also, one row of
this common veriety was planted between successive squares.

The plots in these trials were one row wide and 12
hills long, with the two least desirable hills being dis-
carded at harvest time. The corns were thinned to three

stalks per hill as in 1943, Six trials were selected for
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investigation. Huron County triel with five squares; Otsego
County with three squares; liontcalm County with four
squares; Clare County with four squares; Sanilac County vith
four sguares; Ingham County with eight squares, Lo yield cor-
redtions were made for missing stalks in 1944,

Yields per acre were calculated on the basis of fifteen
ahd one-half per cent moistureg so that all varieties regard-
less of date of maturity would be on a comparable dry weight
basis. The formula used for calculation considered 70 1bs.
per bushel, because the weights were taken on ear corn.

FYor the check-standard, a variety was used which was
considered as average for maturity and yield within the lo-

cality in which the trial was conducted.
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PRESENTATION AIND DISCUSSIOIN

1943 data:

Discussion of 1943 data

The order of ranking by actual and coefficient of yield
values is given‘in tables 7, 8, and 9, for the 1943 trials
investigated. Coefficient of yield values, often referred
to as P/C, were calculated according to Spragg's method (5),
with the "C", or theoretical plot yields, being obtained by
grading the soil between check plots., The arrangement of
checks used in calculating P/C values were as follows:

(1) check in every second plot; (2)check in every fourth
plot; (3)check in every sixth plot.

It is very apparent from a study of these tables that
within the same trial, the P/C rankings of the first and last
few varieties conform very closely with the actual yield
ranking of the same varieties. In the Saginaw trial (table
7) five of the first seven varieties are common to all four
methods of ranking. The ssame variety, funk 303, occurs in
first place for all methods of analysis, while Funk Gl2 oc-
curs three times in second place and once third, and Pio-
neer 373 ranges from second to fourth place. The other two
varieties of the five are Walters 274 and 368, with the for-
mer dropping to seventh place in the case of checks every
second plot. Also in this same trial, five of the last
seven places are occupied by varieties common to all methods
of ranking, and the arrangement is almost identical to that
described for the top ranking varieties. TIunk G174 occurs in
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last place each time,

The trial in Huron County gave results similar to those
found in the Saginaw trial., Five of the first six places
were accupled by varieties common to all methods of ranking,
and the top three varieties were the same for each method,
except that they changed order in two cases. Fourth spot
was held by the same variety by each method. The last four
spaces were occupied by varieties common to all methods of
ranking, but the order is different in each case,

Again, in the St. Joseph trial, the results conform to
those elrcady described. As shown in table 9, four of the
first seven places are held by varieties common to actual and
to the three P/C rankings, and the top variety is Pioneer 314
in all cases; but the bottom place standings do not show
oquite the unanimity of ranking by the different methods as
do the previous trials. Only three of the lest seven places
are held by varieties common to all methods of ranking.

The central portions of these ranking arrays show ne
uniformity whatsoever., Within the same trial, the varieties
may fluctuate up and down as much as twelve or fourteen
places from one method of ranking to enother., However, this
is to be expected because the difference which distinguishes
between two varieties five places apart may be such that if Q3 &
a bushel were added to the lower one, it would supplant the
one five places above it. A very small change induced by a
different method of analysis could send a veriety either way

up or way down in the central portion., As a whole,the
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checks do not seem to facilitate the selection éf top or bot-
tom ranking varieties. Actual yields are about as reliable
in picking them, and, if checks are desirable, the results
bear out that they give as reliable data from which to draw
conclusions when planted every sixth plot as when planted

every second or fourth plot, and much less land is used.
1944 data:

1944 tests for significance

Tebles 10, 11, 12, 13, 14, and 15 give the varieties
ranked in order of decreasing magnituge of actual yield per
acre for each trial., In the keys of these tables are given
the differences needed between variety means for signifi-
cance as calculated from standard errors, aw obtained from
the different methods of analysis.

The difference for significance is calculated from the

following formula:
aiff. for sig. = st\];.?{

In the formula, "s™ is the standard error as determined from
the error line, "t", for the degrees of freedom of the error
line, is obtained from a table of "t" values, and "n" is the
number of determinations that are included in a variety mean.,
Analyzing differences between variety means 1s facilitated
by calculating the "difference for significance,"

1944 standard error comparison

The standard errors for 1944 data were worked by four

different methods of analysis for each trial.



Table 1.

Field arrangement:

-8~

0tsego County

Rows
Columns A B C D E F
1l 70,2 85,6 73.2 66.6 6l.2 65.5
2 80.8 83,3 69.7 60.4 58.8 63.5
3 72.8 85,5 60,9 58.8 53,2 51,0
4 84,5 72,9 52.5 61l.9 39,0 74,7
5 94,3 86,6 58,2 51.1 56.0 67 .2
6 89.9 76.9 63.9 62.0 47.1 80.1
S 492,5 490.,8 378.4 360.,8 315.,3 402,0
82,1 8l.8 63.1 60,1 52,7 67 .0
Arrangement by varieties:
A B C D E _F
G176 70.2 76.9 58.2 60,4 39.0 51.0
177 80,8 86,6 60,9 61.9 47,1 65.5
KE1l 72.8 72.9 63.9 66.6 58.8 67 .2
51B 84.5 85,5 73.2 62.0 56,0 63.5
F40 94,3 83,3 52,5 58.8 6l.2 80.1
11A 89.9 85,6 69.7 Sl.1l 53.2 74,7
CT = 165,350,67
S8¢ot = 171,499.14 - 165,350.67 = 6,148.47
S8,01 = 165,618.70 - 165,350.67 = 268,03
SSpow = 169,637.03 - 165,350.67 = 4,286.36
SSyar = 165,987.10 - 165,350.67 =  636.43
Analysis:
Source D.F. _S.S8. =~ _M.S.  Error
Total 35 6,148,47
Col 5 268.03 53,61
Row 5 4,286,336
Var 5 636,43 127.29
Error 20 957,65 47 .88 6,98

Table showing layout and anelysis of Square 1,

Total
422 .3
416,5
38R 42
385.,5
413 .4
419,
2439.8

555.7
402.8
402,.2
424,7
430,.,2
424,2
2439 .8

59.3
67.1
67.1
70.8
71.7
7047
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Table 2. Table showing layout and analysis of Square 2,
Otsego County

Field arrangement:
Rows

Columns A B _C D E F__ _Total
79.1 77.7 72,0 59,3 65,9 72.3 426.3
80,9 85.9 67.1 77 .5 49,5 79. 440,11
77 .1 79.8 80,0 62.3 48,8 80,7 428,7
8l.4 80.6 7547 61.9 58.0 66.4 424,0
84,1 65.4 77,3 53.6 60,4 71.9 412,7
B8l.,3 75,7 70,2 63.5 64,5 67,7 422.,9
483,9 465,1 442,3 378, 347.,1 438.2 2554,7
80.7 77 .5 737 63.0 57 .8 73.0

ook W

Arrangement by varieties:

A B c D __E F Ay
Fa2l 79.1 75.7 77 3 77.5 58.0 80,7 448,33 74,7
KE2 80,9 65.4 80,0 61,9 64,5 723 425,0 %70.8
W225 77 J1 80,6 70.2 59,3 49,5 71.9 408,6 68.1
MS2 8l.4 79.8 72.0 6345 60.4 79.2 436,33 72.7
S4 84,1 85.9 75.7 6243 65.9 67 .7 441,6 73,6
Ck 81,3 777 67 o1 53 .6 48,8 66.4 394,9 65.8
CT = 181,291.45
SSy 4 = 184,716,84 - 181,201.45 = 3425.39
88,51 = 161,357.51 - 181,291.45 = 66,06
SSpow = 183,593.96 - 181,291.45 = 5302,51
SSVar = 181,644,35 - 181,291.45 = 352,90
Analysis:

Source D.F. S.S. M.S, Error

Total 35  3,425.30

Col 5 66,06 13,21

Row 5  2,302.51

Var. S5 352,90 70,60

Error 20 703.92 35.19 5.93



«]10=-

Table 3., Table showing layout and analysis of Square 3,
Otsego County

Field Arrangement:

Rows
Columns A B C D _E F_ _Total
1 83.4 79.2 83.8 61l.4 63.1 62,5 433.4
2 75.9 84.0 70,1 67 .0 71.2 54,4 422,.6
3 78.9 68.1 76,9 69.2 64.0 68.8 425.,9
4 74,4 75,7 62,1 65.2 74.9 59.0 411.3
5 80,7 71L.5 61.5 57.5 52.1 59.2 382.5
6 76.2 57 .9 63.3 70,6 59.6 5l.1 378.7
S 469.5 436.,4 417.,7 390,9 384.9 355, 2454 .4
78,3 72,7 69.6 65,2 64,2 59,2
Arrangement by varieties:
A B c D _E F Av
KF1l 83.4 57.9 61l.5 67.0 74,9 68,8 413.,5 68,9
KF2 75,9 71,5 76,9 65.2 59,6 62,5 411.,6 69,6
W255 78.9 75.7 6343 6l.4 71.2 59,2 409.,7 68,3
240 74,4 68,1 83,8 70,6 52.1 54.4 403.4 67.2
MS4 80,7 84.0 62.1 69.2 63.1 51,1 410.2 68.4
Ck 76.2 79,2 70,1 57.5 64,0 59,0 406,0 67,7
CT = 167,335.53
SSi,4 = 170,261.66 - 167,335.53 = 2,926.13 ¢
SS,01 = 167,784.12 - 167,335.53 = 448,59
SSpoy = 168,720.72 - 167,335,583 = 1,395.19
SSygp = 167,347.08 - 167,335.53 = 11.55
Analysis:
Source D.F. S.S. _M.S., Error

Total 35  2,926.10

Col 5 448,59 89,72
Row 5 1,395.19

Var 5 11.55  2.31

Error 20  1,070.80 53,54  7.31
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Method one or "individual squares average" method, is

the method where each square of a trial is analyzed individ-
uaelly, giving a standard error for each. From these, an av-
erage of the standard errors of all the individual squares
is obtained and this average 1s used as the error for the
whole experiment. This method is illustrated by the data
from Otsego County. Analyses of these squares are given in

tables 1, 2, and 3. The averaging is done as follows:

Sg, No, Error obtained
1 6.98
2 5.93
3 7.31
Average 6.35

Method two or "as a randomized experiment" is illustra-
ted by data obtained from Otsego County as given in table 4,
The analysis table is aw follows:

Analysis of variance

Source D.F. _S.S. _M.S. Error
Total 107 12726
Between Rep. 5 6493
Between Var, 15 1146 74.40
Within stand. 12 403 33,55
RxV (error) 75 4684 62.45

Error ¢ Within St, 87 5087 58.47 7 .64
"Within standards" is obtained from an "analysis of standards"
table:

Analysis of variance on standards

Source D.F, S.S,
Total 17 2596
Rep. S 2193
Within st. 12 403

In this design, the rows of the Latin squares become the re-

plications, so all row A's in the squares are included in

replication one, B's in revlication two, etc., thus making
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the replications continuous across the field. The randomized
design formed is very special in that each variety occurs
within a width of six plots for all replications.

Lllethod three treats the whole experiment as one unit,
but the squares making up the trial retain their individual-
ity. This type of analysis will be illustrated by data from
Otsego County. The complete analysis is as follows:

Analysis of variance

Source D.F. S.S. M.S. Erroxr
Total 107 12726
Between Sqa. 2 218
Between Rep. 5 6493
SxR 10 1107
Between Col. 15 783
Between Var, 15 1146 76.46
Error 60 2979 49,65 7 .05

S x R is obtained from the two-way table, analysis of R by S.
Analysis of variance for S x R

Source D.F. S.S.
Total 17 7818
Sq. 2 218
Rep. 5 6493
S xR 10 1107

Col.S.S. is obtained by adding the "Column Sums of Squares"
from individual analysis. Var. S.S. is obtained the same as
Col. S.S.

Method four (checks and standards) wrrors are calculated
from the assembled data of checks and standards, with each
being considered as a variety, so that between x's (vari-
eties) and "between replications™ sums of squares can be ex-
tracted from the total. The table of analysis worked on

Otsego County data by this method is as follows:
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Analysis of variance of checks and standards

Source D.F, S.S. M.S. Error
otal 41 5667
Between Rep. 6 3769
Between x's 5 687

Error 30 1211 40,37 6,35

Discussion of standard error comparison

Table 5, 1944 overstate corn trials.

Standard errors given in
bushels as obtained by different methods of analysis,

County trials

Me;g?djature of method Huron %g?_; Otsego S!ag;
I Individual sgs.
(Av.) 10,02 9,55 6.74 8.03
ITI Randomized exp. 9.94 8,54 7.64 7,60
III As unit with sqs.
retaining indi-
viduality 10.10 9.88 7.22 8,34
IV Checks and stand-
ards 9.81 6.34 6.35 5.66
Am't needed for
sig. between
methods at 5%
level 4,00 3,90 3.68 3,37

Clare Ingham
7.75 8.17
8.81 9.02
7«44 8.14
7.55 10.00
3.57 2.79

The stendard errors as obtained by these fair methods of

analysis are assembled in table 5.

Table 5 shows that the errors obtained by the average of in-

dividual squares are higher than the "checks and staendards" er-

rors in every case but one, that being in Ingham County where a

revermsal occurred.

Huron County trial with a difference in er-

rors of 0.21 bushels between methods one and four represents the

smallest difference, while Montcelm County with 3.21 bushels re-

presents the largest, the difference being in favor of method

four in each case.

needed for significance between methods.

This latter difference approaches the amount
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\iten comparing methods two and four, the same relation-
ship holds as did with the former case. Ingham County again
was opposite the other five trials., It is of interest to
note that even before calculations were started, Ingham
County trial was labeled as a poor experiment, for the trial
was non-uniform, The differences between standard errors
for methods two and four range from 0.13 bushels in Huron
County to 2.2 bushels for lontcaelm County. This shows that
a somewhat closer relationship exists between methods two
and four than exists between methods one and four,

Errors by method one are higher than those by method
two in three trials, Huron, Liontcalm, and Sanilac; while er-
rors occur lower by method one than by method two in three
trials also, Otsego, Clare, and Ingham. Errors by "average
of individual square" analyses range from 1.0l bushels high-
er In Nontcalm County to 1.06 bushels lower in Clare County
than errors by the randomized experiment.

Under method three, lowest errors of any method are
gotten in two county trials, Clare and Ingham, and in three
of the trials, Huron, Montcalm, and Sanilac, the highest er-
ror is obtained by this method. In Otsego County trial, the
reandomized experiment analysis gives a slightly higher error
than any other method used. ZErrors by methods one and three
are very close together, ranging from 0.48 bushels below in
Otsego County for method one than method three, to .31 bushel

above in Clare County. This latter statement is to be ex-
pected because the methods are very similar; only one dif-

ference is present: replications are considered in method
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three as they are in method two. ZErrors obtained by method
three are lower than those by method one in two out of the
six cases, being 0,31 bushels lower in Clare County and 0.06
bushels lower in Ingham County. A comparison of methods two
and three shows that the errors by the latter are smaller in
three out of six counties, these being Otsego, Clare, and
Inghem. Differences between methods three and four approach
significance in Montcalm, Sanilac, and Ingham counties.

Errors obtained by method four are smaller than errors
by any other method in Huron, lontcalm, Sanilac, and Otsego
Gounties,

No significant difference is present between the errors
as obtained by different methods within any of the trials.
This was tested at the 5% point, and the differences needed
for significance are given in the lower line of table 5.

Probably the greatest disadvantage of obtaining an er-
ror by method one is that if one square has an exceptionally
large error, the average error is boosted enormously.

The corn experimehts here in Michigan are laid out so
that varieties of about equal maturity occur in the same
square. This means that early maturing varieties occur in
one square, medium maturing varieties in another, and late
maturing in still another, and the early maturing square is
not expected to yield as well as is the late maturing one.
The varieties so arranged in a square will need heavy mois-

ture and high temperatures at approximately the same time,

so weather conditions will be either beneficial or detrimen-
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tal to a whole square. from this, it becomes apparent that
a difference is apt to occur between squares, and if this
does occur, it would be eliminated by extracting the differ-
ence between squares as in method three. This method takes
out "difference between squares", which is lacking in the
randomized experiment method.

The method of analysis giving the lowest error in Huron,
Montealm, Otwego, and Sanilac Counties is "checks and stand-
ards," which is in reality a measure of soil heterogeneity
of the experimental field. If all varieties are expected to
respond nearly the same to environmental factors as the
standard variety, am error obtained from the standard and
check variety would be a logical one to use when testing for
significance between variety means, but if all varieties
throughout the experiment do not respond alike, as they sel-
dom do, some other method for analyzing should be used.

Ranking of varieties in 1944

Tables 16, 17, 18, 19, 20, and 21 give ranking of vari-
eties in 1944 trials in bushels per acre according to de-
creasing magnitude. Section one in each table contains the
varieties as they ranked with yleld per acre calculated by
what will be referred to here as method one or the "add and
subtract" method. This is done in the following manner:
the mean yields of the checks on either side of the square
and the mean yield of the standard within that square are
averaged, The amount that this average is above or below
the average yield of all checks and standards in the trial

is added to or subtracted from the mean of each variety
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within this partiecular square. The method proceeds for all
squares in like manner,

Method two or actual yield ranking of varieties given in
section two of each table is from the raw data, letting each
variety stand as it yielded with no corrections.

Method three or B@ method of ranking varieties is given
in section three of each table. B@ yields in 1944 were de-
rived by dividing the mean yield of each variety in a square
by the mean yield of the standard within that square.

First place is held by the same variety for all three
methods of ranking in four of the trials; Mich 30 in Huron,
Ohio M15 in Montcalm, Master F21 in Otsego, and Mich 59 in
Sanilac, but in Clare trial, lich 20 ranks first in sections
one and two, and drops to third place in section three,
Ingham County shows no consistemecy of first place holders.

It is of interest to note the Otsego trial where the
first three and last three places are occupied by the same
varietiew in all sections,

Rankings by the add and subtract method conform more
closely to actual yield rankings than do those by gé method,
but section one seems to be more closely related to section

-

three than does sectionf;o section three. In other words,

the add and subbract method seems to form "a happy medium"

between the other two methods.,



Table 6., 1944 data. Correlation coefficients between
different methods of ranking varieties.

Cor. coef., needed

County trisl __ Detween methods for sig. at
1&2 1&3 2&3 2 levels
S50 1
Huron 0,551 0.818 0,556 0.396 0,505
Montcalm «937 e 358 «109 444 561
Otsego +«899 «938 «876 «S14 +641
Sanilac +«890 «719 «394 444 «561
Clare 0952 « 527 ¢ 345 o444 «561
Ingham 888 «835 «580 0323 .418
Key: Method No, Method
1 Add and subtract
2 Actual yield
3 Ps

Discussion of correlation coefficients

For further evidence as to which method of ranking
proves best, correlation coefficients have been worked be-
tween the yields as obtained by methods one and two, one and
three, and two and three for the six trials, and these coef-
ficients are assembled in table 6., All values are positive.

The ocorrelation coefficients between methods one aﬁd
two, given in column one,‘all prove to be highly significant
when tested against the values needed for significance given
in column four. Huron trial gives the lowest value in this
comparison with a coefficient equal to 0,551, and the next
lowest coefficient value is 0.888 for Ingham County.

In the comparison between methods one and three, the
correlation coefficients ate highly significant in four
cases and significant in one case, The lontcalm trial co-
efficient is not significant at either the 5% or the 1%
level. In only two instances did the coefficients for
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methods one and three exceed the coefficients for methods one
and two, these being Huron and Otsego counties. It can be
said, in general, that the doefficients in column two are
lower than those in column one.

The correlation coefficients between methods two and
three are high enough for significance in only three coun-
ties, Huron, Otwego, and Ingham, and all of these are highly
significant. The coefficient for liontecalm is 0.109, and
only one coefficient goes above the 0.580 of Ingham, this
being Otsego with 0.876., Correlation coefficients obtained
between methods two and three are lower in every case than
either of the first two comparisons, with the exception of
Huron County, where the coefficient in column three is 0.556
and in column one is 0,551,

From the foregoing discussion én the correlation ccef-
ficients, it can be seen that a closer relationship exists
between the add and subtract and actual yield methods of
treating varieties than exists between either of these two
methods and the Pﬂsmethod. A closer relationship also ex-
ists between add and subtract and Efg methods than exists
between actual yield and %S methods of treating varieties.
The statements made in this paragraph further substantiate
the fact that method one places varieties on a plane between
the other two methods.

Discussion of ranking arrays

A true picture of why a drop occurs in correlation co-

efficient when Bg method enters into it, can be better shown
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Table 6a. Scatter diagrams showing relationship between the
placement of varieties by the three methods of
ranking. Liontcalm County data.

1, Actual vield
g2 80 78 76 74 72 70 68 66 64 62 60
80 1

Add 74
and 72 1l
subtract 70 2 1

r = 0,937

2e Actual yleld
82 80 78 76 74 72 70 68 66 64 62 60
74 1l 1
72 2
70 1 1

r = 00109

5. Py
74 72 70 68 66 64 62 60 58 56 54 52
80 1

Add 74
and 72 1l
subtract 70

(o]
(o2}
'—l
B
‘—l

r = 0,358
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by the accompanying tables 6al, 2, and 3. These tables are
called scatter dlagrams and are designed to present graphical-
ly the relationship between variety placement by two methods
of ranking, for each diagram.

In table 6al, it can be seen that the population forms
a homogeneous group running diagonally from the upper left
hand corner to the lower right hand corner, and this mekes a
high correlation coefficient. In table 6a2, a large group
of the population‘runs the same as in table 6al, but in the
upper right hand cormer is a group of five varieties. VWhen
the original data of these particular varieties is examined,
it is found that they all occur in the same square. The
same group of five varieties are found in a group by them-
selves in the lower left hand corner of table 6a3, A group
of values separated in this manner will cause the correlation
coefficient to be reduced considerably. The value worked
from table 6a2 gave a coefficient 0.109 and table 6a3 gave a
coefficient of 0,358, neither of them being high enough for
significance.

As mentioned above, each of those small groups that are
apart from the rest of the population are the same group, and
the group is composed of five varieties from the same
square, In this particular square the standard had an ex-
ceptionallly low value, so all I/ values in this square were
boosted up enormously. The seme thing occurred in several
of the other trials. This provides a limitation on the use
of the %g method of ranking varieties.
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The "add or subtract" method has an advantage over the
3/5 method, because an average of 18 plots is used to deter-
mine how much will be added to or subtracted from variety
means, while in the latter, the corrections are based upom
the average of only six plots. In the first method, use is
made of the six plots used in B4 determinations plus the 12
check plots, six on either side of the square., It is better
to draw conclusions from results where more determinations
are used, in order to obtain more accuracy.

VWhen ranking by actual yield, the varieties are allowed

to fall wherever in the ranking array they will, with no cor
rections. If one of the plots does fall down, the whole av-
erage 1s dragged down with it. If a square should happen to
occur on a poor part of the field, all of the varieties in
that square will be dropped down in the ranking array, but
if corrections are made according to checks and standards,
which will also probably be low, the varietiew will be
raised to an equal basis with the remainder of the field.
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SUMIIARY

For this investigation there were available data from
three hybrid corn trials grown in 1943 and from six trials
grown in 1944, The investigation was carried on to attempt
an answer to t®wo questions: (1) does a check planted every
sixth plot give as valid results upon which to judge vari-
eties on test as if planted every second or fourth plot?

(2) what is the method of analysis by which the lowest valid
error can be obtained from the design composed of 6 x 6 Latin
squares?

Calculations have been worked on the data and from the
results given in this paper, the following conclusions may
be drawn:

(1) The first few and last few varieties of the ranking
array, as ranked by actual yields and by Bﬂ values calculated
from checks every other plot, checks every fourth plot, and
checks every sixth plot, are epproximately the same., This
fact leads one to believe that if checks are needed at all,
it is quite sufficient if they are placed in every sixth
plot.

(2) Varieties within the central portion of these
ranking arrays do not show the uniformity of placement as
mentioned in conclusion number one. iHowever, they behave as
would be expected, because 0,32 bushels added to a variety
yield by another method of ranking could boost that variety
five places or even more.

(3) Of four methods of analysis used on 1944 data, the

method which treated the experiment as a unit but left the
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squares with their individuality, gave the lowest errors in
two cases, and the "checks and standards" errors were lowest
in four cases. The "as a unit with squares retaining indi-
viduality" errors were lower than the "average of individual
squares" errors in two out of six cases, and lower than
"randomized experiment" errors in three out of six cases.

(4) "Checks and standards" errors are lower than errors
from either "average of individual square" errors, or "ran-
domized experiment" errors in five out of six cases.,

(5) No significant differences were found between any
two of the methods of analysis within the same trial, but in
several cases, the differences approach significance.

(6) From the methods of ranking 1944 varieties, the
"add and subiract" method seems to place varieties somewhere
between Bé and actual yield ranking. This conclusion is
based upon data given in tables 16, 17, 18, 19, 20, and 21,
and upon correlation coefficients worked between the differ-
ent methods of ranking the varieties,

(7) A limitation occurred in use of the E§ method, be-
cause several trials were found, where a poor standard yield
would boost all of the varieties of a square way out of line

with the remainder.
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APPENDIX

Tables 7 = 21 inclusive



In the following tables Hoosiercrost and Kingserost

are abbreviated respectively as Hsrcrost and Kgserost.
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Table 9. 8t.

Method of renking:

Actual yield

Joseph County dats.

P1 velues from
U checks every

two plots

Fioneer 314
Funk G2l
Funk G20
Funk Gl1h
Funk F138
Funk G67
Mich 16
Lowe 14
Fioneer 341
Ohio M34
Mich 12
Mich 18
Mich 28
Mich 3L
Ploneer 322
Ind 416¢
Lowe 6W
Mich 26
Mich 31
Mich .27
Kgsecrort KY
Lowe 15
FPioneer 324
Mich 13
Ohio M34
Mich 1 7
Mich 21
Mich 29
Lowe 22
Mich 20
Mich 22
Jacques 1157)
Mich 32
Indiana 210B
Wisc 648
Kings KRZ2

P ioneer 353A
Ohio M1H
Mich 24B
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Compgrison of methods of

EA values from
U checkgs every
four plots _

Pioneer 314
Funk G20
Mich 28
Funk Gl1k
Ploneer 322
Mich 156
Funk G21
Lowe 14
Funk F138
Mich 18
Funk G67
Mich 27
Chio h}&
Mich bL
Mich 31
Fioneer 341
Chio M2l
Mych 13
Ind, W16¢C
Lowe 15
Mich 12
Mich 22
Lowe 6W
Fioneer 353A
Mich 21
Fioneer 324
Kings KY
Mich 1 7

Mich 26
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Ind 210B
Kings KR2
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Lowe 22
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Table 10,
yields.
Rﬁgk Variety
1l Mich 30
2 Pioneer 370
3 Mich 20
4 Hsrcrost 112A
S5 Hsrerost 213
6 Ohio M15
7 Pfister 274
8 Pioneer 373
9 Funk GlA
10 Mich 29
11l Pioneer 355
12 Kingscrost D4
13 Funk G175
14 Wisc 464
15 Mich 51B
16 Funk G177
17 Wisc 416
18 Pioneer 359
19 Kingscrost KN1
20 Kingscrost HS6
21 Wisc 412
22 Master F60
23 Kingscrost KS2
24 Mich S7

Mich 56

Yield
in bu.

977
90,6
89,1
88.8
8843
86,9
86.8
86,7
86,7
8645
86,0
84.8
83.8
83.0
82.0
8l.6
81,5
8l1.0
80,5
79.

78.2
773
76.9
76,7
76.2
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Huron County data.,

Varieties ranked by actual
Differences needed for significance in
bushels given for different methods of analysis.

Bu ° diff 61‘-
ence for

Method used

Av, of Ind. sgs.
Randomized exp.
As a unit with
sqs. &s individ-
uals

Checks and
standards

t

significance

e

5% 17

11,5
11,3

11.6
11.4

15.2
15.0

15,3
15.2
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Table 11, Montcalm County data. Varieties ranked by actual
yields., Differences needed for significance in
bushels given for different methods of analysis.

Bu, differ-
ence for
Rank Yield Method used significance
No, __veriety . in bu. at 2 lQI%}ﬁ
1 Ohio M15 82,5 5% 1
2. Funk GlA 78,0 1. Av. of Ind. sqgs. 11.2 14.9
3 Miech 20 74,9 2, Randomized exp. 9.7 12,9
4 Master F60 70,8 3, As a unit with
5 Funk G174 70.1 sgqs. as individ-
6 Kingscrost KA4 69.4 uals 11.3 15.0
7 Mich 52 68.,9 4, Checks and
8 Mich 36B 67.9 standards 7.4 9.9
9 Mich 56 67 .7
10 Funk G177 67.2
11 Piloneer 359 67.1
12 Mich 57 66.2
13 Pioneer 373 66.
14 Mich 30 64,0
15 Mich 29 637

16 Kingscrost D4 63.4
17 Kingscrost KE1 63,0
18 Wisc 464 61l.4
19 Wisc 416 61.2
20 Kingscrost KE2 59.4



Table 12. Otsego County data. Varieties ranked by actual
yields., Differences needed for significance in
bushels given for different methods of analysis.

Bu., differ-
ence for
Rank Yield Method used significance
No, Variety in bu.
1 Ilaster F2l1 74,7 57 1%
2 Mich 54 73.6 1, Av, of Ind. sqs. 7.8 10.4
3 Mich 52 72,7 2., Randomized exp. 8.7 1ll1l.5
4 Master F40 71,7 3, As a unit with
5 Kingscrost KE2 70,8 sqs. as individ-
6 Mich 51B 70,8 uals 8e¢3 1l.1
7 Kingscrost KF2 69,6 4, Checks and
8 Kingscrost KF1 68,9 standards 7.5 10.1
9 Mich 54 68.4
10 Wisc 255 68,3
11 Wisc 255 68.1
12 Wisc 240 67 .2
13 Funk G177 67,1

14 Kingscrost KE1 67.1
15 Funk G176 59,3
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Table 13, Sanilac County data. Varieties ranked by actual
yields. Differences needed for significance in
bushels given for different methods of analysis.

Buo differ"
ence for
Rank Yield Method used significance
No, Variety in bu. at 2 levels
1l Mich 59 87 .4 5Y% 1%
2 Kingscrost D4 85,5 1l, Av. of Ind. sgs. 9,6 12,7
3 Funk G175 85.5 2, Randomized exp. 8.7 1l.5
4 Mich 54 83.8 3. As a unit with
5 Funk G177 83,6 sqs. &s individ-
6 Kingscrost KA4 82,5 uals 9.6 12,7
7 Pioneer 370 82,3 4, Checks and
8 Mich 36B 8l.6 standards 6.6 8.8
9 Funk GlA 80.1

10 Master F60 80.1

11 Wisc 416 79.7

12 ©Pioneer 373 79.1

13 Mich 30 78.7

14 Mich 57 78.2

15 Kingscrost KS6 76.1

16 Pioneer 359 75.3

17 Mich 11A 75.1

18 Kingscrost KE1 75.0

19 Wisec 255 74.9

20 Kingscrost KS2 70.4



-34-

Table 14. Clare County data. Varieties ranked by actual
yields, Differences needed for significance in
bushels given for different methods of analysis.

Bu, differ-
ence for
Rank Variet Yield Method used significance
No., arievy in bue - - . _at 2 levels
1 Mich 20 74.4 5% 1%
2 Funk GlA 73,7 l., Av, of Ind. sgs. 9.1 12.0
3 Master F60 73.6 2, Randomized exp. 10.0 13.3
4 Mich 30 69.5 3, As a unit with
5 Mich 57 68.8 8qs., as individ-
6 Ohio M1S 68,6 uals 8.5 11l.3
7 Mich 56 68,3 -4, Checks and
8 Mich 52 67 .6 standards 8.8 11.7
9 Funk G174 66,9
10 Kingscrost KA4 65.4
11 Mich 54 65.1
12 Funk G177 63.7
13 Mich 11A 63,0
14 Kingscrost D4 63,0
15 Wisc 416 63,0
16 Pioneer 359 62 .8

17 Kingscrost KE1 62,5
18 Kingscrost KE2 ©59.6
19 Mich 29 59,0
20 Wisc 464 57.1
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Table 15. Ingham County data, Varieties ranked by actual
yields, Differences needed for significance in
bushels given for different methods of analysis.

Bu, differ-

ence for
Variet Yield Method used significance
No. ariety in bu. at 2 levels
1 Hsrcrost F138 69,7 5% 1%
2 Pioneer 322 69,3 1, Av. of Ind. sgs. 9.2 1l2.2
3 Mich 16 66,7 2, Randomized exp. 10,5 13.8
4 Mich 24B 66,3 3, As a unit with
5 Pioneer 373 65.8 sqs. as Individ-
6 Mich 22 65.2 uals 9.2 1l2.2
7 Mich 12 64,7 4, Checks and
8 Mich 18 64 .4 standards 11,5 15.2
9 Mich 31 64,2
10 Mich 32 63.8
11 Ohio M15 62,1
12 Kingscrost KR2 62,1
13 Mich 19 62.1
14 Mich 55 62,1
15 Wisc 643 61.7
16 Mich 39 61.7
17 Mich 34 61.5
18 Funk G12 61l.4
19 Ohio M34 61.3
20 Mich 28 61,3
21 Mich 59 61l.1
22 Mich 55 61l.1
23 Wisc 608 60,3
24 Mich 43 59.8
25 Mich 20 59.5
26 Mich 30 58,1
27 Kingscrost KN1 57,7
28 Mich 58 57 .3
29 Mich 29 57.1
30 Mich 21 56,4
31 Ploneer 355 53.8
32 Mich 51B 52,9
33 Funk G550W 51.5
34 Wisc 412 49.8
35 Wisc 464 48,0
36 Kingscrost KS6 48,0
37 Mich b4 47 .7
38 Mich 36B 47 .5
39 Mich 11A 46,2
40 Miech 57 40,7



-36-

Table 16, Huron County data. Varieties ranked by different
methods,

Methods ranked by:

Add and subtract Actual yields P/S
Rank Yield Yield Yield
No Variety in bu, variety in bu, Variety in bu.
1l Mich 30 94,9 Mich 30 97.7 Mich 30 86.4
2 Mich 51B 90,5 'Pioneer 370 90,6 Pioneer 373 84.7
3 Pioneer 373 88,9 Mich 20 89,1 Hsrerost 112A 84,2
4 Pioneer 355 88,2 Hsrcrost 112A 88.8 Pioneer 355 84.1
5 Pioneer 370 87.8 Hsrcrost 213 88,3 Mich 51B 84,0
6 Wisc 412 86,7 Ohio M15 86,9 Hsrerost 213 8347
7 Hsrcrost 112A 86.5 Pfister 274 86.8 Pfister 274 82,3
8 Mich 20 86,3 Pioneer 373 86,7 Funk GlA 82,2
9 Hsrorost 213 86,0 Funk GlA 86,7 Wisc 464 8l.l
10 Master F60 85,8 Mich 29 86,5 Ploneer 370 80,2
11 Kgscrost KS2 85.4 Pioneer 355 86,0 Wisc 412 80,0
12 Wisc 464 85,2 Kingscrost D4 84,8 Wisc 416 79.6
13 Mich 57 85,2 Funk G175 83.8 Master F60 79.1
14 Pfister 274 84,5 Wiso 464 83,0 Mich 20 78.8
15 Funk GlA 84,4 Mich 51B 82,0 Kingsecrost D4 78,7
16 Ohio M15 84,1 Funk G177 8l.6 Kgscrost KS2 78,7
17 Mich 29 83.7 Wisc 416 81.5 Mich 57 78.5
18 Wisc 416 83,7 Pioneer 359 81.0 Kgscrost KS6 78,0
19 Kingscrost D4 82.8 Kgscrost KN1 80,5 Funk G175 78.0
20 Kgscrost KS6 82.0 Kgsorost KS6 79.8 Funk G177 77 .4
21 Funk G175 81.8 Wisc 412 78.2 Ohio M15 76.8
22 Funk G177 79,3 Master F60 77.3 Mich 29 76.5
23 Pioneer 3359 79.0 Xgscrost KS2 76.9 Pioneer 359 75.2
24 Kgscrost KN1 78,5 Mich 57 76,7 Kgscrost KN1 74,7
25

Mich 56 74.,2 Mich 56 76,2 Mich 56 70.8



Table 17,

Rank
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Montcalm County data.

methods.

Methods ranked by:

Add and subtract

-37.

Yie

Variety 134%3; Variety
Ohio M15  79.6 Ohio M15
Funk GlA 75.1 Funk GlA
Mich 20 72,0 Mich 20
Master F60 70,7 Master F60
Mich 52 69,7 Funk G174
Kgscrost KA4 69,1 Kgscrost KA4
Mich 36B 68,7 Mich 52
Piloneer 359 67.9 Mich 36B
Mich 56 67.6 Mich 56
Funk G174 67 .2 Funk G177
Mich 29 67.2 Pioneer 359
Mich 57 67.0 Mich 57
Kgscrost KE1 66,5 Ploneer 373
Pioneer 373 66,0 Mich 30
Wisc 464 64,9 Mich 29
Wisc 416 64,7 Kingscrost D4
Funk G177 64,3 Xgscrost KEL
D4 (N) 64,2 Wisc 464
Mich 30 63,9 Wisc 416
Kgscrost KE2 62.9 Kgscrost KE2

Varieties

Actual yields
Yield

in bu.

8245
78,0
74.9
70.8
70,1
69.2
68,9
67 .9
67,7
67.2
67.1
66.2
66,1
64.0
63.7
63.4
63.0
6l.4
61.2
59.4

ranked by different

P/S —
Variety 139%3.
Ohio M15 74.2
Mich 29 738
Kgscrost KE1L 73,0
Wisc 464 71.1
Wisc 416 70.8
Funk Gl1A 70.2
Kgscrost KE2 68,8
Mich 20 67 .4
Mich 52 64.9
Mich 36B 64.0
Pioneer 359 6342
Funk G174 63.1
Master Fe60 62.9
Mich 57 62.4
Kgscrost KA4 61.5
Funk G177 60 .4
Mich 56 60.2
Kingsorost D4 - 59,7
Pioneer 373 58.8
Mich 30 56,9



Table 18.

Rank
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Otsego County data.

methods.

Methods ranked by:

-8

Varieties ranked by different

Add and subtract Actual yields P/S -

eld i d

Variety 1; %u. Variety iae%&. Variety i;e%u.
Master F21 74,8 Master F21 74,7 Master F2l 79.2
Mich 54 73.7 Mich 54 73.6 Mich 54 78.0
Mich 52 72,8 Mich 52 72,7 Mich 52 771
Kgscrost KE2 70,9 Master F40 71,7 Kgscrost KE2 75,1
Kgscrost KF2 70,9 Kgscrost KE2 70.8 Wisc 255 72.2
Kgscrost KF1 70,2 Mich 51B 70.8 Xgscrost KF1 71.1
Mich 54 69.7 Kgscrost K¥F2 69.6 Xgscrost KF2 70.8
Wisc 255 69,6 Kgscrost KF1 68,9 Master F40 70.8
Master F40 69.1 Mich 54 68,4 Mich 54 70.5
Wisc 240 68.5 Wisc 255 68,3 Wise 255 70.4
Mich 51B 68.,2 Wisc 255 68,1 Mich 51B 69.9
Wisc 255 68.,2 Wisc 240 67.2 Wisc 240 69.4
Funk G177 64,5 Funk G177 67.1 Funk G177 6643
Kgscerost KE1 64,5 Kgscrost KEL  67.1 Kgscrost KEL  66.2
Funk G176 56,7 IFunk G176 59.3 Funk G176 58,3



Table 19.

Rank
No.
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Sanilac County data.

methods.

Methods ranked by:

Add and subtract

=30

Actual yields
ield

Variety z;e%g. Variety
Mich 59 87.,3 Mich 59
Mich 54 83,7 Kingscrost D4
Funk G175 82.7 TFunk G175
Kingscrost D4 82,7 Mich 54
Mich 36B 82,7 Tunk G177
Kgserost KA4 82.4 Kgscrost KA4
Master F60 81.7 Piloneer 370
Wisc 416 81.3 Mich 36B
Funk G177 80,8 Funk GlA
Pioneer 373 80.2 Master F60
Mich 30 79.,8 Wisc 416
Mich 57 79.8 Pioneer 373
Pioneer 370 79,5 Mich.30
Funk GlA 77.3 Mich 57
Kgscrost KS6 77.2 Kgscrost KSé
Kgscrost KE1 76.6 Pioneer 359
Pioneer 359 76,4 Mich 11A
Mich 11A 75.0 Kgscrost KEL
Wisc 255 74,8 Wisec 255

72.0 Kgscrost KS2

Kgserost KS2

in bu,
87.4
85,5
85,5
83.8
83.6
82,5
82.3
8l.6
80.1
80.1
79.7
79.1
78.7
78.2
76,1
75.3
75.1
75.0
74.9
70.4

Varieties ranked by different

P/S

Variety ggeig.
Mich 59 88,7
Master F60 86,3
Wise 416 85,8
Mich 54 85,0
Mich 57 84.2
Kgscrost KA4 83,7
Mich 36B 82.4
Kgscrost KE1 80.8
Pioneer 373 79.9
Mich 30 79.6
Funk G175 78.6
Kingscrost D4 78,6
Funk G177 76,9
Kgscrost KS6 76.8
Mich 11A 76,1
Pioneer 359 76.0
Wisc 255 76,0
Kgscerost KS2  75.9
Pioneer 370 75.7



Table 20 °

Clare County data.

methods,

Methods ranked by:

~40=

Varieties ranked by different

. Add_and subt;ggt Actual yields P/S S—
?Igl:_ Variety ine%t(}. Variety irllebg. Variety 1:116'153.
1 Mich 20 74,1 Mich 20 74,4 Mich 52 72.1
2 Iunk GlA 73.4 Funk GlA 73,7 Mich 54 69.5
3 Master F60 71,6 Master F60 73.6 Mich 20 67 .8
4 Mich 52 69,3 Mich 30 69.5 Master F60 67 .4
5 Ohio M15 68,3 Mich 57 68.8 Funk GlA 67.2
6 Mich 30 67.5 Ohio M15 68,6 Xingscrost D4 67.2
7 Mich 54 66,8 Mich 56 68,3 Mich 11A 67 .2
8 Mich 57 66,8 Mich 52 67.6 Ploneer 359 67.0
9 TFunk G174 66,6 Funk G174 66,9 Wisc 416 66,0
10 Mich 56 66,6 Kgscrost KAA 65.4 Kgsorost KE1 65,5
11 Kingscrost D4 64,7 Mich 54 65.1 Mich 30 63.7
12 Mich 11A 64,7 Funk G177 63.7 Mich 57 63.1
13 Wisc 416 64,5 Mich 11A 63,0 Mich 56 62,6
14 Pioneer 359 64,5 Kingscrost D4 63,0 Ohilo M15 62.6
15 Kgscrost KEl 64,0 Wisc 416 63,0 Xgscrost KE2 625
16 TFunk G177 63.4 Pioneer 359 62.8 Mich 29 61.9
17 Kgscrost KA4 63,4 Kgscrost KEL 62,5 Funk G174 61.0
18 Kgscrost KE2 61,1 Kgscrost KE2 59,6 Kgscrost KA4 59,9
19 Mich 29 60.5 Mich 29 59,0 Wisc 464 59.9
20 Wisc 464 58,6 Wisc 464 57.1 Funk G177 58.1
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Table 21. Ingham County data.

methods.,

Varieties ranked by different

Methods ranked by:

Renk Add and subtract Actual yields P/S _
e ield Y
No, _ Variety  4p pu, _Variety in bu. Variety 139%3.
— 1 Pioneer 322  67.9 Hsrcrost F138 69,7 Dioneer 373  70.4
2 Hsrerost F138 67.8 Pioneer 322 69.3 Mich 24B 70.3
3 Pioneer 373 67.5 Mich 16 66,7 Pioheer 355 66,6
4 Mich 24B 65.8 Mich 24B 66.3 Mich 55 66.2
5 Mich 16 64,8 Pioneer 373 65.8 Mich 39 66.0
6 Kgscrost KR2 64,0 Mich 22 65.2 Mich 34 65.8
7 Mich 55 63,6 Mich 12 64,7 Mich 51B 65,5
8 Mich 39 63.4 lich 18 64,4 Nich 59 65.4
9 Mich 12 63,3 Mich 31 64,2 Kgsorost KR2 64.8
10 Mich 34 63.2 Mich 32 63.8 Pioneer 322 64.7
11 Ohio M34 63,2 Ohio M15 62.1 Mich 55 64,7
12 Mich 31 62.8 Kgscrost KR2 62.1 Hsrcrost F138 64,3
13 Mich 18 62,5 Mich 19 62,1 Ohio M34 64,0
14 Mich 32 62,4 Mich 55 62,1 Mich 20 63.0
15 Mich 22 61,9 Wisc 643 61,7 Mich 30 62.2
16 Mich 55 60,6 Mich 39 61,7 Wisc 412 61.
17 Mich 59 60,5 Mich 34 61,5 Mich 16 61.5
18 Pioneer 355 60,3 Funk G12 6l.4 Mich 58 61l.3
19 Mich 19 60,2 Ohio M34 61l.3 Kgscrost KN1 6l.2
20 Mich 28 59,9 Mich 28 61l.3 Mich 29 60,5
21 Mich 30 59.8 Mich 59 6l1.1 Mich 12 60,5
22 Funk Gl12 59.5 Mich S5 6l.1 Mich 31 59,9
23 Mich 51B 59,4 Wisc 608 60,2 Mich 22 59.8
24 Mich 20 59,0 Mich 43 59,8 Mich 32 59.6
25 Ohlo M15 58,8 Mich 20 59.5 Wisc 464 59.5
26 Wisc 643 58,4 Mich 30 58.1 Kgscrost KS6 59.4
27 Mich 21 58,3 Kgscrost KN1 57.7 Mich 18 59.3
28 Kgscrost KN1 57.7 Kingscrost 58 57.3 Mich 21 58.9
29 Wisc 608 57,0 Kingserost 29 57.1 Mich 19 57 .2
30 Mich 58 56,7 Kingscrost 21 56.4 Illich 28 57 .2
31 Mich 29 56,6 Pioneer 355 53.8 Ohio M15 57 .0
32 Mich 43 56,6 Mich 51B 52,9 Funk G1l2 56,6
33 Wisc 412 56,3 Funk G550W 51,5 Wisc 643 56,
34 Kgscrost KS6 54,5 Wisc 412 49,8 Wisc 608 55.3
35 Wisc 464 54,5 Wisc 464 48,0 Mich 43 54.8
36 Funk GS550W 53.4 Kgscrost KSé6 48,0 TFunk G550W 5357
37 Mich 36B 49,4 Mich 54 47,7 Mich 54 51,0
38 Mich 54 47,1 liich 36B 47,5 Mich 36B 49,6
39 Mich 11A 45,6 Mich 11A 46,2 Mich 11A 49 .4
40 Mich 57 40,1 Miech 57 40,7 Mich 57 43,5
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