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EFFECTS OF PLOT SIZE, PLOT SHAPE, AND NUMBER OF

REPLICATIONS ON THE EFFICIENCY OF BEAN
YIELD TRIALS!

FRANCIS L. SMITH2

INTRODUCTION
Two TYPES of yield trials are conducted on beans in California, one at the
experiment station, the other in counties under the direction of extension
service personnel. In the experiment station, care must be taken to maintain
genetic purity since the plots serve as the source of seed for the following
year. In yield trials the guard rows are not harvested. Most of the work of
harvesting the plots at the experiment station is done by hand. The ideal
therefore would be plots as small as possible. In the county tests, the intro
duction of mixtures in harvesting is not so important because the beans are
discarded when weighed. Since the county officers are limited in the time
they can put into plot tests, the ideal plots would be those which could be
planted, cultivated, irrigated, and harvested with commercial equipment.
Under these conditions the number of plots rather than their size is the most
important factor. Under conditions at both sites, however, the experimental
plans should he adequate to obtain least significant differences of 200 pounds
per acre. Bean farmers think that a difference of this magnitude has practical
significance. It is therefore a worthwhile objective to obtain experimental
results precise enough for statistical significance at this level.

REVIEW OF LITERATURE
Numerous experiments have been performed to get information on size and
shape of experimental plots. Love (1943)3 has pointed out that plot size
depends to a large extent on the nature of the crop; hence the experimental
samples must include a number of plants. With wheat, Day (1920) found a
decrease in plot variability by increasing plot size by adding to either width
or length. Loessell (1936) studied a field of pea beans in which he harvested
1,890 single-row plots 10 feet long. Then he compared the variability of

1 Submitted for publication November 11, 1957.
2 Professor of Agronomy and Agronomist in the Experiment Station, Davis.
a See "Literature Cited" for citations referred to in the text by author and date.
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plots 1-, 2-, 3-, 4-, 6-, 9-, and 18-rows wide and 10-, 20-, 30-, 40-, and 50-feet
long. The standard error decreased with length of the plots, the greatest
reduction occurring' between 10 and 20 feet. Further reduction was ohtained
at 30 feet but when the length was increased from 40 to 50 feet the reduction
of the standard error did not compensate for the increase in the land used.
A decrease was obtained by increasing the plot width from 1 to 2 rows. Three
row plots were only slightly better than 2-row plots. Further increases in
plot width did very little in decreasing the standard errors. Loessell also
studied 3-, 4-, 5-, 6-, and 9-row plots in which the outside rows were discarded
as guard rows. In these plot arrangements small decreases were obtained
between 3-, 4-, and 5-row plots and very little beyond that. In length, de
creases were obtained between 10 and 40 feet but very little beyond. He con
cluded from the 108 plot sizes and shapes studied that a single-row plot 30
feet long replicated 4 times provided the most efficient use of land.

In experimental plots the soil variability found is. applicable only to the
area involved in the experiment. The average variability of a much larger
area mayor may not apply to a particular part of the field. Baker and Baker
(1953) studied uniformity in 2 strawberry fields. They imposed "varieties"
assigned at random to the elementary plots. Conventional F values were
calculated from the variance. Their study indicated that much better results
were obtained if the primary plots were taken across rows rather than down
rows.

Down and Thayer (1942) studied the border effect in navy bean plots and
found that the border rows of high-yielding treatments were increased but
not enough to equalize the loss in adjacent low-yielding plots. The center
row of a 3-row plot was as efficient as the 3 center rows of a 5-row plot in
minimizing border effects. Border effect did not extend more than one row.

MATERIAL AND METHODS
In 1954 two uniform plantings were made. One was Red Kidney, a bush
variety, the other was Standard Pink, a viny variety. At harvest time a
block of 18 rows excluding border rows was harvested in single-row plots
15-feet long. Twelve sections were taken in each row, making 216 primary
plots for each variety. The yields of these primary plots are shown in figure 1
for Red Kidney and figure 2 for Pink. By adding adjacent plots a number of
different plot sizes and shapes were attained. For testing 4 replications, of
any plot size in shape, a block 4-plots wide and 4-plots long was taken as a
unit. Four arbitrary "varieties," A, B, C, and D were assigned positions at
random in each replication so that each variety had 4 replications. On these
16-plot units, analyses of variance were calculated with 3 degrees of freedom
each for replications and varieties. In the smaller plot sizes a number of
analyses were made from different parts of the experimental field. In very
large plots the number of varieties assigned was reduced to 3 or 2. Six replica
tions were taken from 24 contiguous plots 4-plots wide and 6-plots long,
8 replications from 32 plots 4-plots wide and 8-plots long, and 12 replications
from 48 plots 4-plots wide and 12-plots long. 'I'he purpose of this study was
to find the most efficient method of reducing experimental errors in yield
trials.
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The error mean square from the analysis of variance was taken as the
measure of the efficiency of a given plot design or plot size. From this term,
the least significant difference (LSD) at the 5 per cent level was calculated
to pounds per acre. This study was not concerned with distinguishing dif
ferences between yields of varieties. The recent criticism of using LSD's to
test significance of variety means (Snedecor, 1956) is of remote concern in
this study. '

The experiments were repeated in 1955. The primary plots were four times
as large as in 1954--2 rows x 30 feet. The harvested area in each variety was
16-plots wide and 15-sections long, making 240 primary plots of each variety.
The experimental layout and the yields of the primary plots for Red Kidney
and Pink plots in 1955 are shown in figures 3 and 4. The statistical constants
of the four sets of plots were as follows:

RESULTS

Size of Number Mean yield Standard Coefficient
Variety Year primary deviation, of variation,

plots of plots lbs/acre lba/acre per cent
------------
Red Kidney ..................... 1954 1 X 15 216 2,134 302 14.2
Standard Pink .................. 1954 1 X 15 216 2,797 269 9.6
Red Kidney ..................... 1955 2 X 30 240 1,989 304 15.3
Standard Pink .................. 1955 2 X 30 240 2,299 228 9.9

Red Kidney, 1954
The least significant differences are shown for the Red Kidney data in table 1.
There were 18 plot sizes with 4 replications and 10 with 6. The average LSD
for 4 replications was 259 pounds per acre and for 6 replications, 192 pounds.

From the 1954 Red Kidney plots, 174 least significant differences were
calculated. The smallest plot size was 37.5 square feet. By increasing width
and length of plots it was possible to get some plots as large as 900 square
feet with 4 replications. The distributions of LSD values for 4 and 6 replica
tions are shown in figure 5, and for 8 and 12 replications in figure 6. From
these data, regression lines were calculated by the method of least squares.
In table 1 the regression per unit area is given for plots of various widths.
These calculations show that increasing plot sizes by increasing the lengths
was effective in 1-, 2-, 4-, and 6-row plots but not in the 8-row plots. The
behavior for the 8-row plots is shown also in figures 5 and 6. The regression
for all plots with 4 replications was only -0.43 pound per unit area. This is
largely due to the 8-row plots which were exceptionally high at all levels.
See table 1 and figure 5. Since the 8-row plots were the largest they were
effective in keeping the regression line almost horizontaL

With 6 replications the regression decreased with increase of plot length
in all plot widths except the 8-row plots. The regression of all plots with 6
replications was -4.04 per unit area. With 8 and 12 replications only one
8 X 15 plot was possible but the effect of the wide 8-row plots can be seen in
figure 6. The regression coefficients were -8.36 pounds per unit area for 8
replications and -6.22 pounds for 12 replications. The average LSD for all
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Fig. 5. Least significant differences for various plot sizes of Red Kidney beans
in 1954 with 4 and 6 replications.

TABLE 1

LEAST SIGNIFICANT DIFFEiRENCES OF PLOT WIDTHS AND LENGTHS
WITH 4 AND 6 REPLICATIONS

Red Kidney, 1954

Plot length, in feet
Plot widths Average Regression

(rows)

I I I I
per unit area

15 30 45 60 90

4 Replications

1.......................... 274 233 242 ... ... 249 -16.00
2 .......................... 282 279 191 150 177 216 -12.75
4 .......................... 329 236 233 216 216 246 - 4.64
6.......................... 294 270 ... ... ... 282 - 4.00
8.......................... 307 360 365 ... . .. 344 + 3.63
------ --- ------------ --------------- --
Average ................... 297 276 258 183 197 259 - 0.43

6 Replications

1.......................... 213 189 ... ... ... 201 -24.00
2 .......................... 263 166 126 ... ... 185 -34.25
4.......................... 237 169 140 ... ... 182 - 2.02
8.......................... 205 215 ... ... ... 210 + 1.25

--------- ------------------------------
Average ................... 230 185 133 ... . .. 192 - 4.04
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Fig. 6. Least significant differences for various plot sizes of Red Kidney beans
in 1954 with 8 and 12 replications.

TABLE 2

LEAST SIGNIFICANT DIF'FERENCES OF PLOT WIDTHS AND LENGTHS
FOR 4 AND 6 REPL,ICATIONS

Pinks, 1954

I Plot length, in feet
Plot widths Average Regression

(rows)

I I I !

per unit area
15 30 45 60 90

4 Replications

1.......................... 381 347 266 ... . .. 331 -57.50
2 .......................... 295 262 352 373 341 325 + 7.40
4 .......................... 225 265 194 184 213 216 - 1.83
6 .......................... 240 236 ... ... ... 238 - 0.67
8 .......................... 233 235 146 ... ... 205 - 5.44
---- ---- - --------- ----- ---- -------- ---
Average ................... 275 269 240 279 277 260 - 6.51

6 Replications

1.......................... 249 291 ... ... .., 270 +42.00
2 .......................... 216 186 304 248 . .. 238 +10.70
4 .......................... 169 159 182 136 ... 157 - 1.90
8 .......................... 137 111 '" ... ... 124 - 3.50

--------- ----- ------------- -----------
Average ................... 193 187 233 192 ... 197 - 8.16
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400-------------------------------------------,
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Fig. 7. Least significant differences for various plot sizes of Pink beans
. in 1954 with 4 and 6 replications.
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Fig. 8. Least significant differences for various plot sizes of Pink beans
in 1954 with 8 and 12 replications.
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the plot sizes (some of which are not shown in table 1) with 4 replications
was 261 pounds and for 6 replications 189 pounds. This difference is sig
nificant at the per cent level.

Pinks, 1954
The distribution of LSD's for different plot sizes is shown for 4 and 6 replica
tions in figure 7 and for 8 and 12 replications in figure 8. In table 2 the least
significant differences are summarized for 18 plot sizes with 4 replications
and 12 plot sizes with 6 replications. The average LSD for 4 replications was

280,.----------------=--=---------------------y

900600300ISO

100L-.-.!-__..L.- ~ .i.- ......L_ -:-:-'

37.S 75 4eo
PLOT AREAS-SQUARE FEET

Fig. 9. Regression lines of least significant differences for 4, 6, 8, and 12 replications.
Combined data from both Red Kidney and Pink bean plots, 1954.
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260 pounds and for 6 replications, 197. The 2-row plots had high LSD's at
all lengths, as shown in figures 7 and 8 and table 2. The calculated regression
lines of the LSD's showed that the 2-row plots increased 7.40 pounds per unit
area with 4 replications and 10.70 pounds with 6. Since the 2-row plots were
not at the extremes of plot sizes their effect on the total was not as great as in
the case of Red Kidney. The regression per unit area of all plots with 4 repli
cations was -6.51 pounds and for 6 replications -8.16 pounds. Analyses of
variance were calculated for all plots in 1954 with 4, 6, 8, and 12 replications.
These calculations did not show a significant difference between varieties.
Therefore, 4 regression lines were calculated from all the LSD's of both
varieties for all plot sizes tested. These lines are shown in figure 9. They
indicate that 4 replications are not sufficient to obtain least significant differ
ences of 200 pounds per acre. This precision was reached at about 200 square
feet for 6 replications and 8 and 12 replications were below the 20D-pound
level with the smallest plot size used.

The difference between the wide and narrow plots in the two varieties in
1954 made it advisable to repeat the experiments on a larger scale in 1955 to
see if these differences were due to varietal or to soil variability. It was felt
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that enough information was available from small plots but more was desir
able from larger plots. Therefore in 1955 the primary plots were 2-rows wide
and 30-feet long, or 150 square feet-4 times as large as the unit plot sizes in
1954. In each variety 240 plots were harvested, 16-plots wide and 15-plots
deep. The yields of these primary plots are shown in figures 3 and 4. The
same procedure was used to set up the randomized plots. Only 4 and 6 replica
tions were studied. The plot sizes studied were all combinations of 2-, 4-, 6-,
and 8-rows wide and 30-, 60-, 90-, 120-, and 150-feet long.

Red Kidney, 1955
The distributions of the LSD's for 20 plot sizes with 4 and 6 replications are
shown for Red Kidney in figure 10. These are summarized in table 3. The
average LSD for 4 replications was 251 and for 6 replications 176 pounds per
acre. This difference is significant at the 1 per cent level.

360..---------------------------------.

540 Red Kidney 1955

2X30

300018001200 1350 1500
100L.----L-_L--J...._.l....-----L.__--l..-_.l....---.L__----I.. ...L.---..1.. ~

150 300 450 600 750 900

120

160

140
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Fig. 10. Least significant differences for various plot sizes of Red Kidney
beans in 1955 with 4 and 6 replications.

From the data in table 3, regression lines were calculated for each of the
4-plotwidths with 4 and 6 replications. With one exception increases of plot
length resulted in decreases in the LSD's. This exception was the 2-row plots
with 6 replications. In this case the regression line increased 2.80 pounds per
unit area. This is the reverse of the 1954 results where the wide plots showed
an increase in LSD's with increasing plot lengths. For all plots with 4 repli
cations the regression was -3.94 pounds per unit area and for 6 replications,
-4.97 pounds.
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TABLE 3

LEAST SIGNIFICANT DIFFE.\RENCES OF 20 DIFFERENT PLOT SIZES
FOR 4 AND 6 REPLICATIONS

R€d Kidney, 1955

Plot length. in feet
Plot widths Average Regression

(rows)

I I I I

per unit area
30 60 90 120 150

4 Replications

2 .......................... 327 294 284 270 273 290 -13.20

4 .......................... 266 219 215 198 193 218 - 8.35
6 .......................... 242 283 190 216 232 233 - 2.90
8 .......................... 302 295 271 204 242 263 - 5.28

--------- -----------------------------
Average ................... 284 273 240 222 235 251 - 3.94

6 Replications

2 .......................... 199 216 220 206 218 212 + 2.80
4 .......................... 188 1-4:2 130 137 193 158 - 4.45
6 .......................... 188 177 194 104 113 155 - 7.43
8 .......................... 237 243 144 155 124 180 - 7.85

--------- -----------------------------
Average ................... 203 195 172 151 162 176 - 4.97
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Fig. 11. Least significant differences for various plot sizes of Pink
beans in 1955 with 4 and 6 replications.
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Pinks, 1955
The distribution of the LSD's for 20 plot sizes with 4 and 6 replications is
shown for the Pink bean plots in figure 11. These are summarized in table 4.
The average LSD for 4 replications was 217 pounds per acre and for 6 repli
cations 171 pounds. This difference is significant at the 1 per cent level.

Regression lines were calculated for each of the plot widths shown in

1955
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Fig. 12. Regression lines of least significant differences for 4 and 6 replications. Combined
data from both Red Kidney and Pink bean plots, 1954 and 1955.

TABLE 4

LEAST SIGNIFICANT DIF'FERE'NCES O'F DIFFERENT PLOT SIZES
FOR 4 AND 6 REPLICATIONS

Pinks, 1955

Plot length. in feet
Plot widths Average Regression

(rows)

I I I I
per unit area

30 60 90 120 150

4 Replications

2 .......................... 361 191 204 186 164 221 -39.90
4 .......................... 300 220 208 208 202 228 -10.40
6 .......................... 268 178 167 168 216 199 - 3.80
8 .......................... 227 157 254 _-=1~ _1_ -=~ - 220 + 2.68
--------- ------------ ---------
Average ................... 289 187 208 193 209 217 - 1.83

6 Replications

2 •......................... 223 173 193 150 146 177 -17.70
4•......................... 193 168 126 138 192 163 - 1.60
6 .......................... 262 189 157 164 151 185 - 8.23
8 .......................... 156 137 153 177 169 158 + 1.65

--------- -----------------------------
Average ................... 209 167 157 157 165 171 - 2.05
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table 4. With both the 4 and 6 replications the 2-, 4-, and 6-row plots showed
negative regressions. But in the 8-row plots there was an increase of 2.68
pounds per unit for 4 replications and 1.65 pounds for 6 replications. This is
a reversal of the 1954 results when the LSD's of the 2-row plots increased.
The regression line calculated from all plots with 4 replications was -1.83
pounds per unit area and for 6 replications it was -2.05 pounds. The data
from both varieties were combined in an analysis of variance. Differences
between varieties were not significant for either the 4 or 6 replication experi
ments. Therefore, all the data were used to calculate the regression Iine for
1955, shown in figure 12. As in the 1954 results these lines indicate that 4
replications are not sufficient to get LSD's down to 200 pounds per acre until
the plot sizes reach nearly 3,000 square feet. The 6 replications were below
the figure with the smallest plot size of 150 square feet.

An analysis was made of the LSD's in all plot sizes that were tested with
4 replications in both years. There were only five: 150, 300, 450, 600, and 900
square feet. In this analysis the mean squares for varieties, plot sizes, and
years were calculated as well as the interactions of varieties x sizes, varieties x
years, and sizes x years. The only significant F value obtained was between
years and it was significant at the 5 per cent level. None of the interactions
was significant.

The same analysis was made of the LSD's with 6 replications. Only 4 sizes
were available as LSD's were not calculated for plots larger than 600 square
feet in 1954. In this analysis no significant F values were found for varieties,
years, or sizes or any of the interactions. It would therefore seem that com
bining all the data from all plot sizes, varieties and years would be a statis
tically sound procedure. Regression lines were calculated from all the data
on both varieties, both years for 4 and 6 replications. These lines are shown in
figure 13. It is apparent from these regression lines that 4 randomized repli
cations are not sufficient to reduce the least significant differences to 200
pounds per acre. On the other hand, 6 replications were sufficient to get this
precision.

Narrow vs. Wide Plots

In order to test differences in plot shape, LSD's were assembled in pairs in
which plots of the same area but varying in dimensions were compared. The
results are shown in table 5. The 1954 Red Kidney plots with both 4 and 6
replications showed that the narrow plots were more efficient than were
the wide plots, with significance at the 1 per cent level. In the 1954 Pink
plots the exact reverse was obtained. These contradictory results were caused
by the differences between the 2-row and 8-row plots already mentioned.
There was a slight but insignificant difference in favor of the narrow plots in
both varieties in 1955 for 4 as well as 6 replications. Combining the two years'
results for Red Kidney a significant advantage was shown for narrow plots.
In case of Pinks the slight advantage of the wide plots was not significant.
Other combinations of the data as shown in table 5 were made. The only one
which was significant was all comparisons in 1955 which showed an advantage
of 26 pounds per acre for the narrow plots-significant at the 5 per cent level.
However, when all the data were combined from 74 pairs of comparisons the
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1954 and 1955
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Fig. 13. Regression lines of least significant differences for 4· and 6 replications. Combined
data from both Red Kidney and Pink bean plots, 1954 and 1955.

difference in the LSD's was only 13 pounds per acre which was not statis
tically significant. When the aberrant 8-row plots of Red Kidney and 2-row
plots of Pinks of 1954 were eliminated, the remaining 50 comparisons gave a
difference of 33 pounds in favor of the narrow plots. This is significant at the
1 per cent level. But in order to get this result some dubious eliminations of
data had to be made.

TABLE 5

L,EAST SIGNIFIOANT DIFFERENOES FOR NARROW VS. WIDE PLOTS

Average LSD
Number Number Differ- F value

Varieties Years replica- compari- between
tions sons Narrow Wide ence plot widths

plots plots
---------- ---------
Red Kidney ............... 1954 4 13 192 295 103 26.92*

6 8 144 208 64 66.64*

Pinks ...................... 1954 4 13 308 223 -85 19.97*
6 8 233 161 -72 20.48*

Red Kidney ............... 1955 4 8 246 273 27 1.64
6 8 179 204 25 2.53

Pinks...................... 1955 4 8 196 229 33 2.78
6 8 158 177 19 2.91

Red Kidney ............... both both 37 190 251 61 17.87*
Pinks ...................... both both 37 235 201 -34 3.97
Both ...................... both 4 42 239 256 17 1.26
Both ...................... both 6 32 179 187 8 0.30
Both ...................... 1954 both 42 228 231 3 3.04
Both ...................... 1955 both 32 195 221 26 4.55t
Both ...................... both both 74 213 226 13 1.13

* Significant at the 1 per cent level.
t Significant at the 5 per cent level.
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Precision of LSD Values
Thirteen cases of LSD calculations were taken from the results of Pinks in
1955. This sample included both 4 and 6 replications of a number of plot sizes.
To one of the 4 "varieties" the equivalent of 200 pounds per acre was added
to each replication. Then the analysis was run again. This alteration, of
course, did not affect the LSD's but it made a marked effect of the F value
for varieties. The results are shown in table 6. Before the alteration none of
the F values between varieties was significant. When the equivalent of 200
pounds per acre was added to one variety, 5 of the F values were significant

TABLE 6

THIRTE,E,N ANALYSES OF VARIANCE OF PINKS, 1955. THE F VALUE
IS GIVEN BELFIORE AND AFTER 200 PO'UNDS PER ACRE WERE

ADDED TO ONE' "VAR.IETY"

F values

Plot sizes Number LSDreplications Before After
addition addition

--------
2 X 30 ... ...... ...... . .......... . ............. 6 233 0.60 3.11
4 X 60 .............. ............ ............... 6 212 1.24 6.04*
4 X 30... .. ..................... .............. 6 189 0.51 5.14t
4 X 60.... ........................ ............. 6 125 1.24 4.62t
4 X 120............. ............ ............... 6 138 2.13 5.98*
8 X 60. ........... ............................. 6 137 0.08 5.71*
6 X 120... ..................................... 6 164 1.66 19.61 *
4 X 30 .. .......................... .... ......... 4 260 0.68 3.28
4 X 60. ...................... ................. 4 265 0.57 2.79
4 X 60 .. .. ..................................... 4 278 0.46 3.15
4 X 120.. ....... ............................... 4 208 0.94 4.59t
8 X 60 .. ....................................... 4 157 0.58 7.87*
6 X 120. .... .... ............................... 4 168 0.69 7.34t

* Significant at the 1 per cent level.
t Significant at the 5 per cent level.

at the 1 per cent level and 4 were significant at the 5 per cent level. In every
case where the LSD was near or below 200 pounds per acre the addition of
200 pounds to one variety made the variety F value significant. Only those
with LSD's above 233 pounds were not made significant. This test indicates
that the F value of the varieties is a reliable measure of varietal differences.

There were 450 analyses of variance calculated in the course of these
studies. Since the "varieties" were determined by chance it might be possible
by chance that one variety was regularly given the highest or lowest yielding
plots resulting in significant F values between varieties. There were only 7
cases (1.55 per cent) in which the F values for varieties were significant at
the 5 per cent level and only one (0.22 per cent) at the 1 per cent level.

In the analyses of variance, F values were also calculated for significance
of difference between the replications. A summary of these is given in table 7.
In both years about % of the plot analyses showed no significance between
replications where there were 4 replications, and about % where there were
6 replications. In 1954, lh of the plots showed no significant differences
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for 8 replications and lt4 where 12 replications were used. This indicates a
definite relationship between the F values and number of replications. As the
number of replications is increased the precision of detecting differences be
tween them is also increased. Or is this due to increase of soil variability as
the plot sizes are increased? This can be partially tested by a comparison of
small plots of less than 300 square feet and large plots of over 300 square
feet. There were 248 analyses with 4 replications. Of the 125 which were less
than 300 square feet 82 or 64 per cent were not significant. In the 123 large
plots 79 or 64 per cent were not significant. There were 153 analyses of plots

TABLE 7

SUMMARY OIF F VALUES BETWEEN REPL:r;OATIONS. THE VALUES ARE
AR,RANGEV INTO THREE HEADINGS, NOT SIGNIFICANT, SIGNIFICANT

AT THE 5 PER CENT LEVEL AND AT THE 1 PER CENT LEVEL
F'OR VARIOUS NUMBE.RS OF' REPLICATIONS

Number of F values

Year Number Not significant Significant Totalreplications

Number Per cent 5 per cent 1 per cent
level level

----- ----------
1954.................... 4 106 66 35 19 160

6 39 49 12 28 79
8 10 33 5 15 30

12 5 26 4 10 19

1955.................... 4 55 63 19 14 88
6 38 51 17 19 74

-- --- -- -- ---
Total .................. ...... 253 56 92 106 450

with 6 replications. Of the 81 small plots, 32 or 39 per cent were not signifi
cant and of the 72 large plots 37 or 51 per cent were not significant. These
data indicate that increasing plot size alone did not alter the proportion of
significant F values for replications.

Latin Square Arrangement of Plots
If a large part of the residual variation could be taken out in the analyses of
variance the magnitude of the LSD's would be reduced. The Latin Square
offers a method of doing this because it removes from the residual error soil
variation in two directions. But this results also in a loss of degrees of free
dom. Does the reduction of the variation more than compensate for the loss
of degrees of freedom? To study this, 13 plots of varying size were chosen
ranging in area from 87.5 to 900 square feet. Samples were taken from data
on both varieties and both years. The LSD's were compared for four ran
domized replications with 4 x 4 Latin Squares. In this comparison the aver
age LSD for the randomized plots was 271 pounds per acre, while the average
LSD of the Latin Square plots was 189. This difference is highly significant.
In this comparison, the arrangement of plots in a Latin Square was equiva
lent to adding 2 replications to a randomized arrangement of plots.
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Comparisons of Efficiency of Different Arrangements of Plots
It is possible to make some comparisons on the effects of plot size, size of the
experimental area, and number of replications by using the yield data from
the same area of the field. For this study each of the four experimental fields
was sampled.

1. What is the effect of doubling the plot size and simultaneously doubling
the experimental area with the number of replications remaining constant?

2. What is the effect of doubling the number of replications and reducing
the plot size simultaneously with the experimental area remaining constant?

3. What is the effect of doubling the number of replications and simultane
ously doubling the experimental area with the plot size remaining constant?
The results of these three tests are shown below:

Variety Year Plot size Number LSD Differencereplications

1. Red Kidney ......................... 1954 4 X 15 6 180
4 X 30 6 184 -4

1955 4 X 30 6 191
4 X 60 6 138 53

Pinks............................... 1954 4 X 15 6 155
4 X 30 6 120 35

1955 4 X 30 6 228
4 X 60 6 216 12

---
Average 24.00

------------------ ---------------- ----
2. Red Kidney ......................... 1954 4 X 30 6 184

4 X 15 12 119 65

1955 4 X 60 6 138
4 X 30 12 128 10

Pinks ............................... 1954 4 X 30 6 120
4 X 15 12 102 18

1955 4 X 60 6 216
4 X 30 12 156 60

---
Average 38.25

------------- ----- ---------------- ----
3. Red Kidney ......................... 1954 4 X 15 6 180

4 X 15 12 119 61

1955 4 X 30 6 191
4X 30 12 128 63

Pinks ............................... 1954 4 X 15 6 155
4 X 15 12 102 53

1955 4 X 30 6 228
4 X 30 12 156 72

--
Average 62.25
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These comparisons indicate that doubling the plot size with the number
of replications kept constant was least efficient (case 1). Doubling the num
ber of replications in the same experimental area was a little more efficient
(case 2). Doubling the number of replications with plot size remaining con
stant was most efficient. In fact the advantage was exactly equal to the other
two systems combined.

SUMMARY AND CONCLUSIONS
Uniform nurseries of Red Kidney and Pink beans were grown in 1954 and
1955. In 1954 the unit plot size was 37.5 square feet, In 1955 it was 150
square feet. Wider and longer plots were made by adding adjacent plots
laterally and in tandem. Upon these primary plots 4 "varieties" were super
imposed. In 1954, 4, 6, 8, and 12 replications were tested, while in 1955 only
4 and 6. After the yields were assigned by lot to each variety, analysis of
variance was made of each experimental area in which the variance between
replications and between varieties was subtracted from the total variance.
Least significant differences in pounds per acre were calculated from the
residual variances. In 1954, 19 plot sizes were tested with 4 replications;
14 with 6 replications; 11 with 8 replications, and 6 with 12 replications.
In 1955, 20 plot sizes were tested with 4 and with 6 replications. Regression
lines were calculated for the LSD's for all plot sizes tested in both varieties
for both years.

The results showed there was a reduction of the LSD's with increasing plot
sizes. An ideal LSD of 200 pounds per acre, however, was seldom reached
with 4 randomized replications. With 6 replications the 200-pound level was
attained with even small plots less than 100 square feet. With 8 and 12
replications, the LSD's were below 200 pounds per acre with all plot sizes.

In 1954 the 2-row plots of Red Kidney and the 8-row plots of Pinks re
mained high at all plot lengths. In the tests the following year similar but
less extreme results were obtained for 2- and 8-row plots but the varieties
were reversed, indicating that the differences between plot widths were not
due to varietal characteristics.

There was a slight but not significant advantage of narrow plots over wide
plots with the same area.

F values between replications showed that with 4 replications % were not
significant at the 5 per cent level, with 6 replications about %, with 8
about ~'3, and with 12 about 14 . Increasing replication numbers improved
the precision in detecting significant differences between the replications.

Significant reductions of the LSD's were obtained with 4 replications
arranged in a Latin Square over the randomized plots. This was equivalent
to the addition of 2 randomized replications.

Comparisons were made with yield data from each of the 4 fields. The
effects of changing the number of replications, the area of individual plots,
and the experimental area of the field were compared. These comparisons
showed that a greater reduction of least significant difference was obtained
by simultaneously increasing plot size and experimental area than was
attained by either increasing plot size alone or increasing the number of
replications in a given experimental area.
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The recommendation from these studies is that if least significant differ
ences of 200 pounds per acre between varieties or treatments are to be at
tained, 6 replications are necessary if randomized plot arrangements are
used. Increasing the replication number from 4 to 6 was more effective than
increasing plot sizes. As many as 8 replications were not found necessary to
attain this precision.
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