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ABSTRAC

Wheat uniformity trials was conducted at experimental farm , Facuity of
Agriculture, Kafrelshiekh university, during 2011/2012 winter season.
The cultivar grown was Misr1, the experimental field consisted of 8 strips with
100 ridges in each strip. Thus, the basic unit was one row 0.2m wide and 3.0m
long (area 0.6m?). Therefore, a total 800 basic units was used. Yield data
recorded for the basic units were later combined to obtain the yield of different
sized plot groupings. The data were subjected to two procedures of statistical
analysns to estimate the optimum plot size, The first statistical method was the
maximum curvature The second method was that developed by Smith (1938).
Bartlett's test for homogeneity of variances, was used to study the effect of
changing plot shape. The results obtained could be summarized as follows:

1- Increasing the plot size decreased the variance per basic unit and the
coefficient of variation. However, the reduction was not in proportion with
the increase in plot size.

2- Long and narrow plots were more efficient.

3- The index of soil variability was 0.52 ( intermediate soil heterogeneity)

4- The optlmum size of plot ranged from2 to 4 basic units (i.e.1.2 m? to
2.4m%)).

INTRODUCTION

In any field experiment, one of the basic questions is the size of the plot
along with the number of replications. Usually the plot size and number of
replications are based on the previous experience of the experimenter or
results of a uniformity trial conducted in that area used. Smith's (1938) law is
used to calculate plot size from a uniformily trial, which is still unchallenged
despite its lack of a theoretical basis (Pearce, 1976). Smith's law is as follows.

B -
VX B e (1)

P
Where

Vx =mevatianoeperbasicunitofplotsofsizexunils.

X = the number of basic units.
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V1 = the variance between basic units.

b =a measure of the degree of correlation between adjacent basic units or
coefficient of heterogeneity (Smith's index).

Lin and Binns (1 984) have given.a method based on intra block correlatiqn
from RCBD, which calculates the plot size and its alternative to the Smith's
law in the absence of uniformity trial. Some studies regarding wheat plot size

have been made using uniformity trial by Ashfaq and Yab (1974) and Ashfaq et
al. (1984).

Kassem et al (1971) at Alexandria, studied the optimum size and
shape of plots from uniformity trials on wheat. They found that the optimum
plot size ranged from 1.2 — 2.4m? (i.e. 1/3500 — 1/750 fad.). They stated that
long narrow plots reduced significantly the variability among plots than the
short wide or square plots. They also reported that, as the plot size
increased, the variance among plots and comparable variance were
increased, but the variance per basic unit and the coefficient of variation
decreased.

El-kalla and Gomaa (1977) reported an optimum plot size for wheat
which was 3.0m? (1/1400 fad.), using Smith's procedure for the two utilized
locations Gemmeiza and Sids. However, it was 7.0 and 5.0m? by using
modified maximum curvature technique for the previous two locations
respectively. Plot shape had an effect on plot-to-plot variability.

El-Bakry (1980) recorded that wheat needs plots of medium size. He
found that the optimum size of plot at Sids ranged from 1/933 to 1/169 fad.
He also added that a long and narrow shape was generally more efficient as
compared to the square or nearly square shape. |

El-Rassas (1982) working on wheat and corn found that the optimum
plot size ranged from 3.2 to 6.4m? (1/1300-1./650 fad.) for wheat yield trails
and 14 to 26m? (1/300-1/160 fad.) for corn yield trails. He stated that long
>and narrow plots were more effective in reducing variance per basic unit
area, comparable variance and coefficient of variation.

Leilah and Al-Khateeb (2007) They studied that the convenient
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quadrate size, shape and number in the desert rangeland of Saudi Arabia.
They found that the weighed index of soil variability (b) was estimated to be
0.69 indicating that medium to large homogenous exists in the experimental
site. As the quadrate size (x) increased, the variance among plots (vx) and
comparable variance (v) increased, but the variance per basic unit (vx) , and
coefficient of variation (cv) tended to decrease with each increase in
quadrate size. Also, the long and narrow quadrate rectangular shape (1m x

24m) was the most effective in reducing soil variation.

Chaudhary et al (2011) determined optimum size and shape of plot for
field experiments using maximum curvature method and fair field Smith's
variance method.They found that the variability as judged by coefficient of
variation per unit area (cv%) decreased from 19.60 % to 7.62 % with
increase in plot size from 1 unit to 100 units. A plot of 14.4sq. m having
3.6m width x 4m length (i.e. rows each of 4m length ) a rectangular shape of
plot (net) was considered as optimum size and shape of plot for field
experiments .

Vytautas and Petras (2012) At Lithuanian University of Agriculture,
studied the optimal number of observation, treatment and replication in field
experiments. They reported that increasing replication number from 4 to 6 ,
data accuracy decreases from 4.7 to 2.8 %, increasing replication number to
10, trial accuracy increases to 2.0%. Further increasing replication number
from 10 to 37, data accuracy progressively increases from 1.5 to 1.6 %.
Also, optimal number of treatments. According to SE and accuracy
evaluation, is between 4 to 7. Then the highest accuracy of experimental
data is reached .

MATERIALS AND METHODS

Wheat is considered as the important winter crop in Kaferishikh
Govemorate, so The objectives of this study were to determine the optimum
plot size, shape and number of replications for wheat yield under the soil
condition Kafrelshikh governorate.

FIELD LAYOUT: This study was camied out at the experimental farm,
Faculty of Agriculture ,Kafreishikh university, during 2011/2012 winter season.
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Misr1 wheat variety planted in rows 3m2long and 20cm apart in 8 strips with 100
rows for each strips. Culture practices for growing wheat were carried out as
recommended. Grain yield (kg) for each row ( basic unit) = (0.2 x 3 = 0.6m?)
was weighted separately. |

STATISTICAL ANALYSIS:
The basic unit was taken as one row 0.2m wide and 3m long(area 0.6m?)

Contiguous basic units were combined to form larger plots of varying sizes.
Different grouping combinations as shown in table 1 were studied . These
varied in size from 1 to 320 basic units which covered a wide range of plot
sizes. For each plot size, the weighed average of the variances of the
different grouping combinations was calculated .

Two methods are applied on the data sets to determining the optimum
plot size :

First: maximum curvature method

1- The exponential relationship between the coefficient of variation ( C.V.),
and plot size (X),

CV.=AX™® (2) ,
was transformed into the logarithmic form : Log C.V. = log A -B log x

Where A and B are the Y intercept ( constant of the equation ) and
regression coefficient , respectively .

The values of A and B in the above equation were estimated from the data
using the principles of linear regression. To determine the point of maximum
curvature (C max) of the original exponential curve, the values of A and B
were substituted in the following formula which was developed by Galal and
Abou El-Fittouh (1971) |

C max = Xo = [A? B? (2B+1) / (B+2)] ¥ ?8*2) (3)

The point of maximum curvature indicates a critical value of the optimum plot size on

basic unit basis

2- The weighted index of soil variability, b, as published by Federer (1955) was
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calculated ignoring cost factors from the empirical relationship between plot size and

variance per basic unit according to the following equation :

Y (WijlogVx log Xj) - (3 Wi log Vx) (3Wi log Xi) / YWi
b= (4)
YWi (log Xi) 2 - (XWi log Xi) 2/ YW

Where: b: weighed index of soil variability
W;: degrees of freedom associated with S X;,

logVx: weighed variance per basic unit of the i. plot size and,
Xi: number of basic units in the i. plot size.

The value of 'b' varies between plus and minus infinity. A value close to zero
indicates very uniform field or the neighbouring plots are highly correlated while, its
value near '1' would indicate a very hetérogeneous field or the neighbouring are
almost uncorrelated. The value of 'b' obtained this way has come under some criticism

because in uniformity trial there is different number of plots for the different plot sizes
uniformity the trial the area.

The coefficient of variation is also calculated as:

YMx)
CV= ————x100 | (5)

y
The plot of CV versus plot size (X) can be drawn to verify the Smith's empirical
relation
Second ° Smith method

The optimum plot size (x opt) was determined , using the method developed

by Smith (1938) , by the equation :

The optimum plot size (X OPT) = b/(1-.b) (6)

To study the effect of shape on the variance, Bartlett's test was used for

testing the homogeneity of the variances for different combinations within
each plot size.

Data were analyzed by using BASIC program designed and planed by Dr.
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Ahmed A.M. Atia chief researcher. in Central Laboratory for Design and
Statistical Analysis Agricultural Research Center.

RESULTS AND DISCUSSION

The basic unit was taken as one row 0.2m wide and 3m long (area 0.6m?).
Thirty two different,groupi:ng combinations as shown in Table 1 were studied
They varied in size from 1 to 32 basic units which covered a wide range of
plot sizes .

Table (1): Description of the different combinations of plot size and

shape for wheat
8 Na. of Plot shape Plot dimensions Fiofares
= basic No. of plot
-;5': il Width X length .m’ fadan
1 1 1x1 0.2x3.0=0.6 0.60 1/7000 640
2 2 1x2 0.2x6.0=1.2 1.20 1/3500 320
3 2 2x1 04x3.0=1.2
4 4 1x4 0.2x12=24 240 1/1750 160
5 4 2x2 0.4x6,0=2.4
6 a ax1 | 08x3.0-24
7 8 1x8 0.2x24=4.8 4.80 1/875 80
8 8 - 2x4 04x12=4.8
9 8 4x2 0.8x6.0=4.8
10 8 8x1 1.6x3.0=4.8
11 16 2x8 0.4x24=9.6 9.60 1/437 40
12 16 4x4 0.8x12=9.6
13 16 8x2 1.6 x 6 =9.6
14 32 4x8 0.8 x 24 =19.20 19.20 1/218 20
15 32 8x4 1.6 x 12=19.20

Basic units = .6m
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The variances per basic unit and among plots and their corresponding
coefficients of variation for 32 combinations of plot sizes and shapes using

the data are shown in table 2. Results showed that, the variance per basic unit

area ,as well as, coefficients of variability (c.v.) decreased as plot size
increased. It is evident that, the coefficient of variation values of yield
decreased with increasing plot size from one basic unit to 32 basic units,
Estimates for (c. v.) varied from 3.31 % (one basic unit) to 0.54 % ( 320 basic
unit ), also increasing the number of strips (replications) for a fixed plot size
reduced the (c. v.) more effectively than increasing the number of rows (basic
units). For example, a plot of size 4 basic units resulted in a c. v 1.57 % when
the plot consisted of 1 row in 4 strips, while it was 2.14 when the plot
consisted of 2 rows in 2 strips, and 2.75 % when the plot consisted of 4 rows
in one strip. So , the long and narrow shape was more efficient than the other
shapes. The coefficient of variability decreased from 3.308% for a plot size of
two basic unit (1.2m?) to 0.54 % for a plot size of 36 basic units (21.6m?) .

In agreement with our result is the study of Kassem et al (1971) in their
study at Experimental Farm, Faculty of Agriculture, Alexandria University
found that the optimum plot size for wheat was 1.2m2-4.8m? under Alexandria
soil conditions . Also, Elkalla and Gomma (1977) in their study at the
Gammaiza and Sids stations, Agriculture Research Center , found that the
optimum plot size for wheat was 3m? by using Smith method, while the
optimum plot size were 7m? at Gammaiza station and 5m? at Sids station.
Also, El- rasas, H (1982) in his study at Experimental Farm, Faculty of
Agriculture, Cairo University, found that the optimum plot size for wheat was
3.2m? -8.4m? under Cairo conditions. Ashmway et al (2003) at Experimental
Farm, Faculty of Agriculture , Al-Azhar University found that the optimum plot
size for wheat was 2.8m? .on the other hand Chaudhary et al (2011) in their
study at north Gujarat condition in India, found that the optimum plot size was
14.4m? under north Gujarat condition. All of them found that the long and
narrow shape was the best.
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Table (2): Estimate of Varlance per basic unit area (v x) and coefficlent of variation

(c. v. % ) for different plot size and shapes of wheat

Plot size and shape No. of basic

Variance per basic

cv.

e units Total No. among plots
No. of plots %
size rows strips Vx Vi
1 1 1 1 640 108.72 108.72 3.308
2 - 2 1 2 320 52.86 211.43 2.306
3 2 2 1 320 94.37 . 377.5 3.082
4 _ 4 1 4 160 24.78 396.56 1.579
5 2 2 2 160 | 4658 | 72024 | 2.142
6 4 4 1 160 75.04 1200.68 2.748
7 5 5 1 128 86.8 2169.95 2.956
8 8 1 8 80 12.18 779.66 1.107
9 8 2 4 - 80 21.63 1384.01 1.475
10 8 4 2 80 35.76 2288.52 1.897
11 8 8 1 80 54.02 3457.12 2.332
12 10 5 2 64 42.39 4239.22 2.066
13 10 10 1 64 54.22 5421.7 2.336
14 16 2 8 40 10.74 2748.35 1.039
15 16 4 4 40 17.97 4601.07 1.345
16 16 8 2 40 24.53 6270.84 1.571
17 16 16 1 40 30.7 7858.5 1.758
18 20 5 4 32 19.94 7877.23 1.417
19 20 10 2 32 24.61 0843.56 1.674
20 20 20 1 32 27.8 11118.42 1.673
21 32 2 8 20 895 | 9167.33 | 0848
22 32 8 4 20 14.49 14833.01 1.207
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23 32 16 2 20 14.97 15324.8 1.227
24 40 5 8 16 9.83 16735.2 0.995
25 40 10 4 16 14.01 22408.27 1.187
26 40 20 2 16 15 23995.47 1.229
27 40 40 1 16 18.14 29030.13 1.351
28 64 8 8 : 10 6.37 26105.6 0.801
29 64 16 4 | 10 8.35 34183.82 0.916
30 80 10 8 8 6.66 42641.14 0.819
31 80 20 4 | 8 10.64 68094.86 1.035
32 80 40 . 2 8 12.5 80017.14 1.122
33 128 16 8 5 4.41 72291.2 0.666
34 160 20 8 4 4.89 125264 0.702
35 160 40 4 ‘ 4 8.69 222544 0.935
36 320 40 8 2 2.90 296928 0.54

Table 3 showed the average of yield ( y ) kg , variance per basic unit
(v x) and coefficient of variation (c v) ';for each plot size in wheat uniformity
trials. These results indicated that the coefficient of variation ranged from
3.308% for a plot size of one basic unit (0.6 m?) to 0.54 % for a plot size of 32
basic units (19.2m?). The coefficient of variation decreased rapidly with
increasing plot size up to 0.6m? to 2.4m? and then decreased slowly as plot
size increased. Figure 1 .In the light of these results the optimum plot size
varied from 1 to 4 basic units (i.e. 0.6m?to 2.4m?).

The present results were similar to those reported previously by many
workers for different crops, of them, Ei-kadi etal. (2007), Bayoumi and
Demardash (2008) and Chaudhary et al (2011), who reported that,
increasing the plot size decreases the variance per basic unit and the
coefficient of variation. Many investigators confirmed these results, among
them Lessmen and Atkins (1963), Kassem et al (1971), El-kalla and Gomaa
(1977).and E-xadi ot.gl, (2007).
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.However, this reduction is not in proportion with the increase in plot size,
the rate of reduction decreases, as the plots become larger. This confirms the

fact that the relationship between plot size and the coefficient of variation is
exponential in nature.

The exponential relationships obtained for this investigation

CV.= 15.3_ X-0.68 . which is illustrated in Figure 1
CV.
—
5
o
4 |, CV=

06 12 18 24 3 36 42 48'54 6 66 7.2 78 (x)

Fig (1) Relationship between plot size (x)and coefficient of variation (cv)
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Table (3): Average variance per basic unit (Vx), average yield (Y) and coefficient of

variation (C.V.) for each plot size in wheat uniformity trails.

Observed Estimated c.v. & C.l.

Plot size Vx Y CVv. LE. E. U.E.
1 108.72 315.21 3.308 1.884 0.847 4.189
2 7362 630.42 269 1.874 0.843 4.166
rl 48.47 126085 |  2.16 1.855 0.835 4120
5 86.8 1576.06 2.956 1.846 0.831 4.097
8 30.90 2521.70 170 1.817 0.820 4.030
10 48.31 3152.13 2.20 1.799 0.812 3.986
16 20.99 5043.40 143 1.744 0.789 3.857
20 24.12 6304.25 1.66 1.709 0.773 3.774
32 12.80 10086.80 1.13 1.606 0.729 3.539
0 1425 12608.50 1.19 1.541 0.701 3.391
64 6.37 201736 0.801 1.362 0.620 2.994
80 9.93 26217.00 0.99 1.256 0.570 2.761
128 441 40347.2 0.666 0.980 0.439 2.189
100 6.79 50434.00 0.82 0.831 0.365 1.801
320 29 100868 0.54 0.365 0.135 0.988

Data presented in table 4 illustrated the optimum plot size from wheat as
caiculated by Smith's and maximum curvature methods. The general equation
v = ax , of the modified maximum curvature technique for estimating the
optimum plot size , defines the relationship between the coefficient of
varistion (c v) and plot size ( x). The obtained constants of A gnd B were
15.3 and 0.680 respectively (Figure 1). Consequently, the results indicated

that, the optimum piot size using maximum curvature methods was 4 basic
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~ units (4 x 0.8 = 2.4m? ) while, with Smith's method the optimum plot size was
4 basic units, (4 x 0.6 = 2.4m?)

The index of soil variability , b was 0.52. Theoretically , this index varies
between zero and one . A value close to zero indicates very uniform field or
the neighbouring plots are highly correlated while its value near '1' would.
indicate a very heterogeneous. This result indicated that soil heterogeneity
was intermediate in the fields .

Table (4): Optimum plot size for wheat as calculated by smith's and

maximum curvature methods.

Smith's method Maximum curvature method

Optimum piot size Optimum plot size

in Area in .in
.b basic ; A B basic ;

unit .m fad. unit .m fad.
0.52 4 2.4 1/1750 | 15.3 0680 |4 24 111750

- Data presented in Table 5 illustrates the relationship between number
of replications ( strips ), number of rows in the plot (plot size ) and coefficient
of variation for grain yield

. ltis evident that coefficient of variation (c.v.) decreased as the number
of strips (replications) or number of rows (plat size) increased. The rate of
. decrease was more obvious due to increase in number of replications than
increasing number of rows in the plot size. The rate of decrease in coefficient
of variation (c.v.) became, generally, negligible as number of replications
exceeded four. '
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Table (5): Effect of number of strips (replications) on the coefficient of
variation of different number of rows (basic units) in the plot for grain yield trials

Number of rows in the plot Number of strips( replications).
(basic units) 3 2 6 3
2 3.308 2.306 1.579 1.107
4 3.082 2.142 1.475 1.039
6  2.748 1.897 1.345 0.949
8 2.332 1.571 1.207 0.801

The results obtained using Bartlett's test as shown in table (6), indicates
that, the variances for differently shaped plots did not vary significantly for all
the cases indicating that, the shape has no obvious effect in this study .

Table (6): Results of the Bartlett's test for the homogeneity of variances for wheat.

Plot size (sq. m?) Chi-square Values Table Values at 5%
1.2 0.132 3.841
24 4.081 7.815
4.8 1.992 14.067
6.0 3.850 | 16.920
9.6 3.359 23.680
120 | 3.495 30.140
19.2 6.089 43.770

We can conclude that; the optimum plot size was 1.2 m?-2.4m’ and the long
and nammow shape was the best shape, and the optimum number of

replications was four for wheat experiment using the variety Miser 1 under the
soll conditions in Kaferishikh Governorate.
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