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ABSTRACT: Two wheat uniformity trials were carried
out at the Agricultural Research Station of Gemmeiza in two
successive seasons of 2000/2001 and 2001/2002 using wheat
cultivar Giza 168. The experimental field consisted of 8 strips
with 100 rows in each. Thus, the basic unit was one row of
0.20 m wide and 3.5 m long (0.7 m? area). Therefore, a total of
800 basic units were used in each trial.

Yield data were used to estimate the convenient plot size
and shape using Smith’s method and maximum curvature ap-
proach. Also, the suitable number of replications was deter-
mined. Results obtained from statistical analysis could be sum-
marized as follows:

1- Soil variability index was 0.6805 and 0.7271 for the two
seasons reflecting an intermediate variability in the soil.

2- Variance per basic unit and coefficient of variability were
decreased by increasing plot size. However, the reduction
was not in proportion with the increase in plot size.

3- The exponential relationships between the coefficient of
variability (C. V) and plot size (X) were:

C. V =20.0410 X "03052% (for the 1st season)
C. V =283600 X325 (for the 2 nd season)
4- The optimum plot size was 1/1500 fed. (2.8 m?).

5- Plot shape had no clear effect in most cases, whereas long
and narrow plots were more efficient as it decreased the
variance per basic unit and coefficient of variability.

6- Number of replications increased with long and narrow
plots and C.V decreased by increasing number of replica-
tions. Therefore, increasing number of replications was
more effective than increasing plot size.
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INTRODUCTION

The research workers in field experiments usually face problem of the
variation in yield estimates. The causes for this variation are numerous but
the obvious, and probably the most important one, is soil variability that has
been recognized as a major factor affecting the sensivity of experimental re-
sults. Choosing a suitable design and using an optimum size of plot can min-
imize the effect of the soil. This emphasizes the importance of determining
soil variability in experimental fields, and estimating the optimum plot size
and shape as well as number of replications in these fields.

Uniformity trials have been used to determine optimum plot size and
shape, number of replications, soil heterogeneity, relative efficiencies of the
experimental designs and to adjust yields of subsequent experiments,

Results of the current study, together with those previously reported by
other investigators, should clarify the degree of sensivity of the yield to
changes in plot size and shape for varieties of crops under different patterns
of soil variability, and also plot size and shape that can be adopted by re-
searchers in their field trials under similar experimental conditions.

In Alexandria, Kassem et al (1971) found that the optimum wheat plot
size ranged from 1.2 m? to 2.4 m?. They reported that long and narrow plots
significantly reduced the variability among plots than short wide squared
plots. They also stated that as the plot size increased, the variance among
plots and comparable variance were decreased, but the variance per basic
unit and coefficient of variability decreased.

El-Kalla and Gomaa (1977) working on wheat reported that the optimum
plot size for wheat was 3.0 m? (1/1400 fed) using Smith’s method for
Gemmeiza and Sids locations. However, it was 7.0 m? and 5.0 m? for the
two locations, respectively, using the maximum curvature technique. Plot
shape had no effect on plot -to- plot variability.

In Sids region, results of El-Bakry (1980) indicated that wheat needs plot
of medium size. The optimum size of plot ranged from 1/933 to 1/169 fed.
He also cleared that a long and narrow shaped plot was generally more effi-
cient compared to the square or nearly square shape.

Using Kogh and Rigney approach, Abdel-Halim and Hanna (1980) found
that soil variability index in wheat experiments ranged from 0.42 to 0.68.
The optimum plot size was found to range from 1/620 to 1/240 with an aver-

age calculated from all experiments nearly equal to 1/350 fed.
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El-Rassas (1982) found that a plot size ranging from 3.2 m? to 6.4 m? (1/
1300 - 1/650 fed) was an optimum size for experimental plot in wheat trials.
He stated that long and narrow plots were more effective in reducing vari-
ance per basic unit area, comparable variance and coefficient of variability.

Stewart et al (1994) studied the relationship between plot length and ex-
perimental error in wheat and barely. They concluded that the variance de-
clined rapidly as plot length increases.

In wheat fertilization experimen'ts, Nasr (1997) found that the optimum
plot size ranged from 1/229 to 1/140 fed. He recommended square plots in
fertilization experiments.

The present study aimed to estimate soil variability index and optimum
plot size and shape as well as number of replications in wheat experiments
under the conditions of Gemmeiza region in Middle Delta in Egypt.

MATERIALS AND METHODS
Experiment layout: '

Two uniformity trials of wheat were carried out at the Agricultural Re-
search Station of Gemmeiza, Gharbia Governorate, Egypt in the two succes-
sive seasons of 2000/2001 and 2001/2002 using wheat cultivar Giza 168.

The field area in each season was well prepared there after, it was divid-
ed into eight strips with 100 rows in each. Each row was 3.5 m long and 20
cm apart and that represents the basic unit. Therefore, a total of 800 basic
units was used in each season. Data of grain yield of wheat (kg/plot) were
collected for every basic unit.

Statistical analysis:
I-Plot size:

Data of each trial were separately analyzed to study the effect of plot size
(in terms of the number of adjacent basic units grouped to form a larger
plot) and plot shape (in terms of varying the basic units grouping in various
patterns) on the variance per basic unit and number of replications.

Contiguous basic units were combined to form larger plots of varying
sizes. Twenty-four different grouping combinations were studied in both
trials. The different combinations of plot size and shape were determined as
well as the number of basic units across and along for each plot shape in
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each combination, (Tablel). Accordingly, the length and width of the plot
were calculated in meters and area in square meters and relative to feddan.
The number of plots was calculated by dividing the total number of basic
units (800 units) by the number of basic units in each plot size.

For each plot size the weighted average of the variances of the different
grouping combinations was calculated. The degrees of freedom were used
as weights for their respective combination variance. Weighted means were
also calculated using number of plots per combinations weights.

Optimum plot size was estimated using the two following methods:

, 1- Smith,s method, which was developed by Smith (1938), based on his
proposed empirical relationship between plot size and plot variance. This re-
lationship may be expressed in logarithmic form as:

Log Vy=Log V.-bLog X
Where:

V,:isthe variance per basic unit calculated as, among plot variance Vo di
vided by the square of its size in basic units (X); V(X) /X2,

V.:is the variance of plots of one basic unit.

b : is the regression coefficient, which is a measure of correlation between
adjacent basic units.

From the above-mentioned equation, b can be estimated as a linear re-
gression coefficient. A simple weighting of variances by their respective de-
grees of freedom could be used to calculate b (Smith, 1938). But Hatheway
and Williams (1958) reported that the simple weighting of the variances is
not accurate by of high correlation between adjacent plots. Therefore, in the
present study, b was estimated following the formula developed by Federer
(1955), as follows:

b= ZV_\/i Log V,, Log X, - (XW, Log V, ) W, Log X.)/ XW,
SW, (Log X,)? - (EW, Log X)/Z W,

Where:
b :isthe weighted index of soil variability.
Wi : is the degrees of freedom associated with V..
Vy; © is the variance per basic unit among plots of size X.

X, : is the number of basic units in the plot.
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The value of b ranges from zero, indicating complete uniformity, to one,
indicating random soil variability or a strong fertility gradient. Thus, less
variability among plots would be expected in a fairly uniform experimental
area. On the other hand, more variability among plots would be expected
with random soil variability. ‘

Ignoring cost factors, the optimum plot size (X opt.) was determined us-
ing the method developed by Smith (1938), from the equation:

X opt. =b/(1 - b).

2- Maximum curvature technique: which was developed by Meier and Less-
man (1971) and Galal and Abou-El-Fittouh (1971). The point of maximum
curvature point (X, for the exponential curve €. V = AXB, relating the co-
efficient of variability (C. V) and plot size (X) was determined by the fol-
lowing formula:

X0 =[ A2B2(2B + 1)/(B +2)] /2B +2)

The values of A and B in previous equation were calculated from the
data using the principle of linear regression as follows:

B =nXLog(C. V) Log X - YLog(C.v) YLog X
NX(Log X)? - (XLog X)?
Log A=XLog(C.v) - B2ZLogX

n n

The equation used to determine X was converted to a logarithmic form
as follows:

Log X,=2Log A+2LogB+Log(2B +1)-Log(B +2)
| 2B +2)

The plot size directly beyond the value X, was considered optimum.
Also, no estimates of cost were considered in this method.

II-Plot shape:

To study the effect of plot shape, differences among plot shapes consist-
ed of the same number of basic units were tested for significance by com-
paring their variances (Vy) through Bartlett’s test for homogeneity of vari-
ance as outlined by Steel and Torrie(1980).
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ITI- Number of replications:

Number of replications required could be determined using several meth-
ods based on the coefficient of variation (C.V) to detect a specified percent-
age difference between treatment means. A commonly used method, based
on Student’s t statistic, was given by Federer (1955). The number of replica-
tions required was calculated using the following equation:

r=2t2a(C. V)2
D2

Where:
r : is the number of replications required.

t: is the value of Student’s t statistic at ¢ level of significance for the de-
grees of freedom associated with the C. V.

« :is the level of significance.
C.V:is the coefficient of variability.

D: is the minimum difference to be detected, expressed as percentage of the
mean and it was 10 %, 15 %, and 20 % in the current study.

RESULTS AND DISCUSSION
1- Soil heterogeneity index:

Average of weighed index of soil variability (b) calculated as outlined by
Federer (1955) were 0.6805 and 0.7271 for the 2000/2001 and 2001/2002
seasons, respectively, as shown in Table 4. The values of the soil variability
index reflect intermediate variability in the experimental site. Values of b as
reported by Smith (1938) should range from zero indicating complete uni-
formity to one, which implies that soil is extremely heterogeneous. These re-
sults are in agreement with those obtained by El-Rassas (1982).

2- Optimum plot size:

Table 2 represents the variance per basic unit, among plots and coeffi-
cients of variability for 24 combinations of plot sizes and shapes for the first
and second seasons, respectively.

Results clear that variance among plots V(x) increased as plot size in-
creased. On the other hand, increasing plot size led to reduction in the vari-
ance per basic unit V(xi) and coefficient of variability, (C.V.).
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Results in Table 3 also indicate that coefficient of variability C.V de-
creased as plot size increased and that increasing the number of strips for a
fixed plot size reduced the C.V more effectively than increasing the number
of rows. For example, a plot size of 4 basic units, in the first season, results
in a C.V of 10.8 % when the plot consisted of 1 row in 4 strips, and 12.1 %
when the plot consisted of 2 rows in 2 strips, and 13.25 % when the plot
consisted of 4 rows in one strip.The same trend could be observed in the
second season (Table3).

Results obviously indicated that increasing plot size decreased the vari-
ance per basic unit and coefficient of variability. However, the reduction
was not in proportion with the increase in the plot size. Moreover, the rate of
reduction decreased as the plots became larger. This confirms the fact that
the relationship between plot size and the variance per basic unit or the coef-
ficient of variability is exponential in nature. These results are on the same
line with those reported by El-Kalla and Gomaa (1977) and El-Rassas
(1982).

The exponential relationships obtained for the present study were:
C.V =20.041X 030529 and C.V=2836X 03233

for the first and second seasons, respectively. These relationships are
graphically illustrated in Figures | and 2.

Soil variability and optimum plot size as estimated by each of Smith’s
and Maximum curvature methods are presented in Table 4. The value of soil
variability index (b) was 0.6805 and 0.7271 for the first and second sea-
sons, respectively. Using this value in calculating the optimum plot size
(Smith,s method), it was found to be 3 basic units i.e. 2.1 m? being 1/2000
fed, for the two seasons of the study. Smith (1938) reported that areas half
or double the optimum plot size would be 96% as efficient as the optimum
plot size when b =0.5.

By applying the maximum curvature method as modified by Meier and
Lessman (1971) and Galal and Abou-El-Fittouh (1971), four basic units
were found to be the optimum plot size i. e 2.8 m? being 1/1500 fed for both
seasons, (Table 4).

The results of using Smith’s method and maximum curvature method to
estimate the optimum plot size were nearly the same. Therefore, plot size of
1/1500 fed being 2.8 m? could be recommend for planting wheat in
Gemmeiza region.
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3- Plot Shape:

Results of Bartlett test for the homogeneity of variances for the two sea-
sons of 2000/2001 and 2001/2002 are presented in Table 5. The results ob-
tained clear that the variances for differently shaped plots did not signifi-
cantly vary for the two trials except in one case in the second season,
indicating that the plot shape had no important effect. Referring to Table 1.
and comparing different shapes for specified size, it could be concluded that
a long and narrow shape is generally more efficient as compared with other
shapes. This is clear from its low variance per basic unit area and coefficient
of variation. These results are in harmony with those reported by ElfiBakry
(1980) and El-Rassas (1982).

4- Number of replications:

Results given in Table 6 show the effect of plot size on the number of
replications required to detect a minimum difference of 10 %, 15 % and 20
% between treatment meanse«To detect differences of 10 %, the required
number of replications in the first season varied from 26 with plot size of
one basic unit to 2 with plot size of 200 basic units. Meanwhile, number of
replications varied from 49 with a plot size of one basic unit to 4 with 200
basic unit plot size in the second season.

For detecting 15 % difference, the number of needed replications ranged
from 12 and 22 with a plot size of one basic unit in the first and second sea-
sons, respectively to 2 replications with a plot contains 200 basic units for
both seasons. To detect 20 % difference, the needed number of replications
ranged from 7 with plot size of one basic unit to one replicate with a plot
size of 200 basic units in the first season. In the second season, number of
replications needed to detect difference of 20 % ranged from 12 replicates
with a plot size of one basic unit to one replicate with a 200 basic units plot
size, (Table 6).

Results in Table 6 also indicate that the plot shape affected the number of
replications. Where number of replications increased with long and narrow
plots. Moreover, the number of replications also affected coefficient of vari-
ability. Comparing results of C.V. in Table 2 with the number of replica-
tions in Table 6 clearly showed that the coefficient of variability was re-
duced by increasing the number of replications for both seasons. These
results were in agreement with those reported by ElfiRassas (1982).
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Table 1: Discription of the different combinations of plot size and
shape for wheat at Gemmeiza in the 2000/2001 and

2001/2002 seasons.
Plot dimensions Plot arca
Serial No. of Plot (m) No. of
No. basic shape | Width X Length Mm? Feddan plots
Units
1 | - 1X1 0.2X35 0.7 1/6000 800
2 2 1X2 02X7.0 14 1/3000 400
3 2X1 0.4X3.5 1.4 | 173000 400
4 4 1 X4 0.2X 14 2.8 1/1500 200
5 2X2 04X7.0 2.8 1/1500 200
6 4X1 08X35 2.8 | 1/1500 200
7 5 5X1 1.0X 3.5 3.5 1/1200 160
8 8 2X4 04X 14 5.6 17750 100
9 4X2 0.8X7.0 5.6 1/750 100
10 10 5X2 1.0X 7.0 7.0 | 1/600 80
11 10X 1 20X3.5 7.0 | 1/600 80
12 16 4X4 08X14 11.2 | 1/375 50
13 20 5X4 1.0X 14 14.0 1/300 40
14 10X2 20X 7.0 14.0 1/300 40
15 20X 1 40X3.5 14.0 1/300 40
16 25 25X1 50X3.5 17.5 1/240 32
17 40 10X4 20X 14 28.0 1/150 20
18 20X 2 40X7.0 28.0 | 1/150 20
19 - 50 25X 2 50X170 350 | 1/120 16
20 50X 1 10 X3.5 350 | 1/120 16
21 80 |20Xx4 40X 14 56.0 ( 1/75 10
22 100 25X 4 50X 14 70.0 1/60 8
23 50X2 10X 7.0 70.0 1/60 8
24 200 | 50X4 | 10X14 1400 |130 | 4

Table 2: Variance and coefficient of variability of different plot sizes and shapes for 24 combination from 800 basic units

of wheat at Gemmeiza in the two seasons of 200072001 and 2001/2002.
. 12000 / 2001) season (2001 / 2002) season
Serial Plot size and shape Tota Variance Cocfficient Varince | Coefficient
Number | Number of basic unity | number | Per busic | Among of Perbasic | Among of
. N of plots Units Units vaniability Units Units variability

Size | Rows | Strips (Vs (Vi) C.V% V! (Vx) V%
t 1 1 1 800 0.0038 0.0038§ 20.041 0.0076 0.0076 28.368
2 2 i 2 400 0.0021 0.0084 14.942 0.0039 0.0154 20.268
3 2 2 I 400 0.0024 0.0095 15873 0.0043 00174 21513
4 4 i 4. 200 0.0011 0.0176 10.804 0.0020 0.0322 14.637
5 4 2 2 200 0.0014 00221 12.097 0.0023 0.0365 15.593
6 4 4 1 200 0.0017 0.0265 13.248 0.0030 0.0478 17.848
7 5 5 1 160 0.0012 0.0312 [1.503 0.0023 0.0585 15.792
8 8 2 4 100 0.0007 0.0472 8.845 0.0013 0.0803 11.663
9 8 4 2 100 0.6010 0.0635 10.257 0.0016 0.1006 12,938
[{{] 1] 5 2 80 0.0007 0.0749 93 0.0012 0.1206 11.335
1 10 10 1 80 0.0008 0.0819 9.320 0.0014 0.1438 12377
12 16 4 4 50 0.0006 0.1414 7.654 0.0009 0.2230 9.632
13 20 5 4 40 0.0004 0.1737 6.786 0.0007 0.2785 8.612
14 20 10 2 40 0.0005 0.1951 7.193 0.0007 0.2920 8818
15 20 20 ! 40 0.0005 0.1896 7.080 0.0009 0.3552 9.726
16 25 25 1 32 0.0005 0.2896 7.010 0.0009 0.5562 9.736
i7 40 10 4 20 0.0003 0.4801 5641 0.0004 0.7199 6.923
(8 40 20 2 26 0.0003 0.4521 5474 0.0005 4.7835 7.222
19 50 25 2 16 0.0003 0.6855 5.393 0.0004 0.998% 6.523
20 0 50 1 16 0.0003 0.7574 5.668 0.0006 1.4600 7.887
21 80 20 4 10 0.0002 1.1302 4.327 0.0003 1.9781 5738
22 1ed s 4 8 0.0002 24326 s.079 0.0003 34593 6.070
23 100 50 t 2 R B.[)OOZ 1.7338 t 4.288 0.0003 2.7428 5.405
24 200 50 4 4 0.0002 7.9642 4.595 0.0003 | 12311 5.740
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Table 3: Coefficient of variability for different plot sizes for wheat
cultivar Giza 168 at Gemmeiza in 2000/2001 and

2001/2002 seasons.
. Strips / plot

'fl‘)’]‘(‘g 2000 / 2001 2001 / 2002

1 3 3 1 3 3
T 1 20040 14942 10.804 78368 20268 14637
2 | 15873 12.097 8.845 20513 15593 11.663
4 | 13248 10257 7.654 17.848 12,938 9.632
s | 11503 8913 6.786 15792 11335 8612
10 | 932  7.193 5.641 12.377 8818 6.923
20 | 7.090 5474 4327 9.726 7222 5738
25 | 7010 5393 5.079 9.736 6523 6070
50 | 5668 4288 4.595 7.887 5405  5.740

Table 4: Optimum plot size for wheat cultivar Giza 168 at Gemmeiza
as estimated by each of Smith's and maximum curvature
methods in the two seasons of 2000/2001 and 2001/2002.

Smith s method Maximum curvature method
__Optimum plot size Optimum plot size
Season b In Area in A B In
basic | M° Fed basic | M~ Fed
unit unit
2000/2001  0.6805 3 2.1 12000 | 20.041 -0.3053 4 28 171500
200172002 0.7271 3 2.1 12000 | 28.360 -0.3235 4 2.8 11500

Table 5: Results of the Bartlett's test for the homogeneity of variances
for wheat trials at Gemmeiza in 2000/2001 and 2001/2002

scasons. [
o Value of Chi — square
Plot size 2000/ 2001 2001 7 2002
2 15113 1.4881
4 | 82436 8.2333%
8 2.1811 1.2610
10 0.1586 0.6145
20 0.1391 0.6496
40 0.0176 0.03550
50 0.0386 0.5557
100 | 0.2148 0.1012
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Table 6: Number of replications required to detect differences of 10
%, 15 % and 20 % between treatiment means at 5 % level
of significance for wheat at Gemmeiza in the 2000/2001

and 2001/2002 seasons.

Plot size 2000/ 2001 2001 /2002
Number of Area Number of replications Number of replications
basicunits | (") [0 | 15% | 20% | 10% | [5% | 20%

I X1=1 0.7 26 12 7 49 22 12
1X2=2 1.4 17 8 4 31 14 8
2X 1 =2 1.4 il 5 3 20 9 5
1X4=4 2.8 17 8 4 31 14 8
2X2=4 2.8 1 5 3 20 9 5
4X1=4 2.8 7 3 2 13 6 3
5X1=5 35 11 5 3 20 9 5
2X4=8 5.6 7 3 2 13 6 3
4X2=8 5.6 5 2 2 8 4 2
5X2=10 7.0 10 4 2 17 8 4
10X 1=10 7.0 7 3 2 11 5 3
4X4=16 11.2 4 2 1 .8 3 2
5X4=20 14.0 7 3 2 11 5 3
10X2=20 14.0 4 2 ] 7 3 2
20X 1 =20 14.0 3 2 1 5 3 1
25X 1=25 17.5 . 4 2 1 7 3 2
10X 440 28.0 3 2 1 5 3 1
20X2=40 28.0 3 2 1 4 2 1
25X2=50 35.0 4 2 1 7 3 2
50X 1=50 35.0 3 2 1 5 3 1
20X 4= 80 56.0 2 2 1 4 2 1
25X4=100 70.0 3 2 1 5 3 1
50X 2 =100 70.0 2 2 1 4 2 1
50X4=200 | 1400 | 3 | 2 L 4 2 |
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