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Abstract

Two sunflower uniformity trials were conducted at Sakha Agric.
Exper. Station during 1996 and 1997 summer seasons. In each trial, 640
basic unit were used. The basic unit was two rows (3.0x0.6m). Seed
yield obtained from the adjacent basic units were arranged to obtain the
various combinations of plot size and shapes. Thereafter, optimum plot
size, plot shape and number of replications required to evaluate sunflow-
er field experiments were determined. As plot size (x) increased the vari-
ance per basic unit (Vx) and coefficient of variability (CV%) tended to
decrease. i

The results obtained could be summarized as follows:

1. Soil heterogeneity index was 0.739 in 1996 and 0.698 in
1997 with an average of 0.718.

2. Optimum plot size was ranged from 4.159 to 5.095 m2 by
Smith method. Using the maximum curvature, the optimum plot size was
found to be 11.326 m2.

3. The variance is affected by the plot shape and its direction.
This would indicated that, there is fertility gradient within the experiment
soil.

4. The relationship between the coefficient of variability (CV.)
and plot size (X) were expressed by the following equations:

C.V. =26.81 x -0.8648 for the first season
C.V. = 28.78 x -0.8609 for the second season.

S. Plot shape was important for small size plots. However, iong
and narrow plots were recomended.

6. Effect of number of replications and plot size on the differenc-
es between means were indicated increasing the number of replication
was more effective in detecting the differences between means than in-
creasing plot size.
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INTRODUCTION

For the valid inference and accuracy in probability, randomization and replica-
tion are necessary, as suggested by Fisher. Local control is equally important for
reduced the experimental error consequently increasing the precision of the field
experiments. Local control includes choosing the optimum size and shape of plots,
the division of blocks and their position in the experimental fields, which chiefly de-
pend on the homogeneity the experimental area and the nature of the crop under test.
Several factors have to be taken into consideration, as the cost and soil type. In or-
der to locate the optimum plot size and the effect of plot shape on the precision of
evaluation, uniformity trials have been suggested.

Different estimates of the optimum plot size were reported by several inves-
tigators for various crops i.e., Hatheway (1961), El-Kalla (1967), El-Bakry
(1980), El-Rassas (1982), Aly (1983), Abd EL-Halim et al, (1989) and Al-Marsafy
et al., (1992). There is a general agreement that increasing plot size cause a real
decrease in the variance and coefficient of variability.

Several researchers working on different crops stated that long and narrow
plot were more effective in reducing coefficient of variability and consequently, the
number of replications (EL-Kalla and Gomaa, 1977; Abd El-Halim et al., 1980, 1989.
However, Galal and Abou EL-Fittouh, 1971; Khalil et al., 1970; reported that the ef-
fect of plot shape in reducing variance per basic unit and coefficient of variability
was neglegible.

Increasing number of replications decreases standard error. The precision of
the field trials improves more rapidly with an increase in number of replicates than
with an increase in plot size (ELKalla, 1967; El Bakry, 1980; and EL-Rassas, 1982;
and AL-Marsafy, et al., 1992.

It is very important to secure information that help the experimenter for min-
imizing this variation in order to assure the most reliable results from the experi-
ment and consequently to increase the precision of the experiment. In Egypt the opti-
mum plot size for sunflower field experiment was not done.

Thus, the main objective of this study were to detect the optimum plot size
and shape and number of replicates for sunflower field experiments under the envi-
ronmental conditions of Sakha Experimental Station.
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MATERIALS AND METHODS

Two uniformity trials were conducted at Sakha Experimental Station during
summer seasons of 1996 and 1997 using the sunflower cultivar "Mayak". All rec-
ommended agronomic practices were followed in the station. Each experiment con-
sisted of 16 strips with 80 rows in each. Each row was 3.0 m long and 30cm apart.
The basic unit was two rows (3.0 m x 0.6 m ). Therefore, a total of 640 basic units
were used in each season. Each plot was harvested separately and weight of seed
was determined.

Statistical Analysis :

Variance per basic units and the coefficient of variability were computed for
each of 28 selected grouping combination of different plot size and shape as indicated
in Table 1. For each plot size the variances of the different grouping combination
was calculated. The degrees of freedom were used as weights for their respective

variance.

Table 1. Description of the different combination of plot size and shape for sunflower
in 1996 and 1997 season.

Serial | No. of Plot shap Plot dimension Plot No. of
No. basic Across x Along (m) arg plot
units Width x Iength m
1 1 1x1 0.6x3.0 1.8 640
2 2 1x2 0.6x 6.0 3.6 320
3 2 2x1 1.2x3.0 36 320
4 3 1x3 06x9.0 54 213
S 4 3Ix1 1.8x3.0 54 160
6 4 2x2 1.2x6.0 7.2 160
7 4 1x4 0.6 x 12.0 72 160
8 - 4x1 24x3.0 72 128
9 5 Ix:S 0.6x 15.0 2.0 128
10 5 5x1 30x3.0 9.0 128
11 6 3x2 1.8x6.0 10.8 107
12 6 1x6 0.6 x 18.0 10.8 107
13 7 I1x7 0.6 x21.0 12.6 91
14 7 Tx1 42x3.0 12.6 91
15 8 1x8 0.6 x24.0 14.4 80
16 8 4x2 24x6.0 144 80
17 9 9x1 54x3.0 16.2 71
18 9 3x3 1.8x9.0 16.2 71
19 10 1x10 0.6 x 30.0 18.0 64
20 10 5x2 3.0x6.0 18.0 64
21 12 12x1 7.2x3.0 216 53
22 12 4x3 24x9.0 21.6 53
23 12 6x2 3.6x6.0 21.6 53
24 16 16 x1 9.6x3.0 288 40
25 16 4x4 2.4x12.0 28.8 40
26 16 8x2 48x6.0 288 40
27 20 20x1 120x3.0 36.0 32
28 20 5x4 3.0x12.0 36.0 32
29 20 10x2 6.0 x6.0 36.0 32
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Optimum plot size (X opt.)
Two procedures were followed in determining the optimum plot size:

1) The weighed index of soil heterogeneity "b" proposed by Smith (1938) and
developed by Federer (1955) was estimated from the empirical relationship between

plot size and variance per basic unit according to the following equation.

(= wi log Xi Vxi) - (Z wi log Vxi) (Z wi log Xi) (Z wi )

s wi (log Xi Vxi)2 - (Z wi log Xi)2 / (2 wi)
Where
b = Weighed soil heterogeneity index.
Wi = degrees of freedom associated with V.
Vxi = Variance per basic unit of the ith plot size.
Xi = number of basic units in the ith plot size.

The weight index of soil variability, b, as published by Federer (1955), was
calculated. Ignoring cost factors the optimum plot size (x opt.) was determined, us-
ing the method developed by Smith (1938), by the equation:

X opt. = b / (1-b).
Maximum curvature method:

The exponential relationship between the coefficient of variability (C.V.) and
plot size (X) was calculated according to the following of logarithmic form:

log C.V. = Log A-B log X
where A and B are the Y-intercept and regression coefficient, respectively.

To determine the point of maximum curvature (C max.), the of A and B were
substituted in the following formula which was developed by Galal and Abou-El-
Fittouh (1971).

C max [A2 B2 (2B + 1) / (B + 2)]1/(2B+2)
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The point of maximum curvature indicates the critical value of the optimum

plot size.
Effect of plot shape:

Optimum plot shape, as mentioned by Lessman and Atkins (1963), was deter-
mined using "F" test by dividing largest variance values in each combination by the
smallest variance within the same size, to obtain the calculated two tail F values at
the corresponding degrees of freedom.

D- Magnitude of detected differences:

The true difference between two treatment means which can be detected at a
5% level of significance in 90% of the sunflower experiments was estimated for
different plot sizes and number of replications. The estimates were calculated ac-
cording to the formula presented by Hatheway (1961).

D2 =2 (t1 +t2)2C2 /R Xb

Where:

D = true difference desired to be detected (measured as percent of mean.

t1 = the t value at the 0.05 level of prob.

t2 = the t value at 0.20 level of prob.

C = the coefficient of variation among basic unit plot

R = the number of replications

b = soil heterogeneity index.

RESULTS AND DISCUSSION
© Soil Variability:

The variance per unit and among plots and their corresponding coefficients of
variability for 29 combinations of plot size and shapes for the 1996 and 1997 sea-
sons are shown in (Table 2) respectively. The coefficient of variability ranged from
26.81% for plot size of one basic unit (0.9 m2) to 2.01% for a plot size 20 basic
units (36.0 m2) in 1996 season from 28.78% to 2.18% in 1997 season.

The coefficient of variability decreased rapidly at first in the two seasons and
then decreased slowly as plot size increased (Figures 1 and 2). These results are in
agreement with those obtained by Keller (1949), Hatheway (1961), Abd El-Halim et
al. (1989) and Al-Maesafy et al. (1992).
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The fitted equations describing this relationship, C.V. value and plot size were

as follows:
C.V. = 26.81 X -0.8648 with a value of r2 = 0.805 for trial one, and
C.V. = 28.78 X -0.8609 with a value of r2 = 0.785 for trial two.

The observed and predicted relationship are illustrated in figures 1 and 2

Table 2. Variance (vx) and coefficient of variability (c.v) observed of different plot
sizes and shapes for 29 combinations from 640 basic units of sunfiower in

1996 and 1997 seasons.

Serial | No.of | Total 1996 1997 -
No. | basic | Noof | V, Vo' Cu | Y% Vm €Y
units plots
1 1 640 | 250.69 250.69 | 27.41 | 325.00 | 325.00 | 28.39
2 2 , 320 | 388.10 97.03 | 17.06 | 558.09 | 139.52 | 18.60
3 2 320 | 344.70 86.18 | 16.07 | 496.37 | 124.09 | 17.54
4 3 213 | 578.46 64.27 | 13.88 | 832.98 | 92.55 15.15
5 3 213 | 146.37 16.26 | 6.98 210.77 | 23.42 | 7.62
6 4 160 | 343.27 21.45 18.02 443.69 | 27.73 8.29
7 4 160 | 658.88 |41.18 | 1111 | 948.79 [ 59.30 12.13
3 4 160 | 172.02 10.75 | 5.68 247.70 | 1548 | 6.20
9 5 128 | 808.14 3233 | 984 1163.7 | 46.55 10.74
10 5 128 | 121.02 4.84 3.81 175.17 | 7.01 4.17
11 6 107 | 1007.36 | 27.98 | 9.16 1450.9 | 40.31 10.00
12 6 107 | 189.09 5.25 3.97 243.49 | 6.76 4.10
13 7 91 1084.90 | 22.14 | 8.15 1562.2 | 31.88 8.89
14 7 91 101.75 2.08 2.50 146.52 | 2.99 2.72
15 8 80 1203.29 18.80 | 7.51 1732.7 | 27.07 8.19
16 8 80 157.40 2.46 2.72 226.66 | 3.54 2.96
17 9 71 1560.11 19.26 | 7.60 2246.5 | 27.74 | 8.29
18 9 71 213.00 2.63 2.81 310.29 | 3.83 3.08
19 10 64 1453.14 14.53 | 6.60 2092.5 | 2093 7.20
20 10 64 290.59 2.91 295 130.46 | 1.30 1.80
21 12 93 172.00 119 1.89 2489.4 | 17.29 | 6.55
22 12 53 | 127.76 .89 1.63 183.98 | 1.28 1.78
23 12 53 334.59 2.32 2.64 569.36 | 2.22 2.35
24 16 40 225939 |38.83 5.14 3253:5 | 12771 5.61
25 16 40 ] 200.13 78 1.53 288.19 | 1.13 1.67
26 16 40 862.36 3.37 3.18 782.56 | 1.96 2.20
27 20 32 2837.52 | 7.09 4.61 4086.0 | 10.22 5.03
28 20 32 161.62 0.40 1.10 232.73 | 0.58 1.20
29 20 32 | 428.93 1.07 1.79 528.65 | 1.31 2.34

Optimum plot size:

The optimum plot size was calculated by the two following methods:
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1. Smith's method :

The weighted index of soil variability, b, was calculated as 0.739 for the first
season and 0.698 for the second season (Table 3). The values of b indicated that the
site is heterogeneous as the b values were near to 1.0. These values were used in
computing the optimum plot size which was found to be 2.831 and 2.311 basic units
for the two trials, respectively. Consequently, the optimum plot size was (2.831 x
1.8 = 5.095 m2) in the first season and (2.311 x 1.8 = 4.159m2) in the second sea-
son.

2. Maximum curvature method:

Both A,B, from the C.V. equations were used to predict the optimum plot and
they are given in Table 3. The optimum plot size was 6.396 and 6.189 basic units in
the first and second season, respectively. Consequently, the optimum plot size was
(6.396 x 1.8m2 = 11.513 m2).

The fitted equation for the C.V. is not as accurate as that of the Smith method.
Therefor it expected that, the Smith law to be more accurate.

Table 3. Soil heterogeneity index (b) and optimum plot size for sunflower experime-
nts as calculated by Smith's and maximum curvature methods.

Smith's method Maximum curvature method
Season b In basic | plotarea/ | A B In basic | plot area/
unit m2 unit m?2
1996 0.739 | 2.831 5.095 | 26.81 | -0.864 | 6.396 11.513
1997 0.698 | 2311 4.159 | 28.78 | -0.860 | 6.189 11.140
Mean 0.718 | 2.571 4.628 6.292 11.326

Plot shape :

To determine the effect plot shape in this study, variance ratios (F) of the dif-
ferent 29 combinations of plot shape for the various 14 plot sizes were calculated.
These values were compared with the tabulated value at the same degrees of free-
dom to measure the differences among plot shapes composed of the same number of

- basic units. The results given in Table 4 indicated that the variances for differently
shaped piots differ significantly in most of the cases, for the two seasons, showing
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that the variance is affected by the shape of the plot and its direction. This would in-
dicated that there is fertility gradient within the experiment soil. The long and nar-
row plot were more effective in reducing coefficient of variability. Similar results

Table 4. Variance per basic unit (Vx) for different combination of plot shapes and "F"
values for sunflowere in 1996 in 1997 seasons.

basic Plot shap D.F. 1996 1997

units Across x Along (Vy) F-Value (Vy) F-Value
2 1x2 320 388.10 558.09
2 2x1 320 344.70 1.125 496.37 1.124
3 1x3 213 578.46 832.98
3 3x1 213 146.37 3.950** | 210.77 3:952%*
4 4x1 160 343.27 443.69
4 2x2 160 658.88 1.919%* | 948.79 2.138**
4 4x1 160 172.02 1.995** | 247.70 1.791**
5 1x5 128 808.14 1163.7
5 5x1 128 121.02 6.677** | 175.17 6.643**
6 3x2 107 1007.36 1450.9
6 1x6 107 189.09 5.327** | 243.49 5.958**
7 1x7 91 1084.90 1562.2
7 7x1 91 101.75 10.662** | 146.52 10.662**
8 4x2 80 1203.29 1732.7
8 1x8 80 157.40 7.644** | 226.66 7.644**
9 3x3 71 1560.11 2246.5
9 9Ix1 71 213.00 7.324** | 310.29 7.240%*
10 5x2 64 1453.14 2092.5
10 1x10 64 290.59 5.001** | 130.46 16.039**
12 12x1 53 172.00 2489.4
12 6x2 53 127.76 1.346 183.98 13.530%*
12 4x3 53 334.59 1.945** | 569.36 4.372%*
16 4 x4 40 2259.39 3253.5
16 16 x 1 40 200.13 11.289** | 288.19 11.289**
16 8x2 40 862.36 2.620** | 782.56 4.157
20 5x4 32 2837.52 4086.0
20 20x1 32 161.62 17.556** | 232.73 17.556**
20 10x2 32 428.93 6.615** | 528.65 7.729**

** Indicate significance at the 0.01 level of probability.
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were obtained by (EL-Kalla and Gomaa, 1977; Abd El-Halim et al., 1989. However,
Galal and Abou El-Fittouh, 1971; Khalil et al, 1973. Therefore, the recommended
plot should consist of (0.6m width x 18m length) is better than (1.8m width x 6.0m
length). In such cases, the systematic variability is removed by the long and narrow
plot.

Differences to be detected :

Table 5 shows the effect of soil variability on the magnitude of the true diff-
ferences which can be detected for different plot sizes and number or replications. it
is evident that increasing in plot size and number of replications reduced the true
differences that could be detected for the two seasons. The results obtained in this
study indicate that the researcher has a considerable range in selecting size and
replications of plots depending on the amount of land under his disposal, where the
use of large plots needs a small number of replications and vice versa.

Table 5. Detected differences between treatment means (% of the mean) for differ-
ent plot sizes and number of replications at 0.05 probability.

Number of basic units

Seasons | Rep. 1 2 3 4 5 6 8
First 2 97.66 96.27 9392 | 6930 | 59.68 | 5535 | 46.21
season 4 48.83 48.14 46.96 3459 | 29.82 | 27.67 | 23.07
(1996) 6 32.55 32.09 31.30 | 23.07 19.88 | 18.47 15.40

8 24.42 24.06 23.17 17.31 1491 | 13.83 11.53
Second 2 116.00 | 114.44 | 101.91 | 82.51 71.06 | 65.96 | 54.99
season 4 58.43 57.11 5594 | 4139 | 3553 | 3295 | 2749
('1997) 6 38.95 37.14 35.15 | 27.50 | 23.67 | 21.97 18.33

8 29.21 28.61 27.97 | 20.19 17.78 | 16.47 13.71
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Fig. 1. Relationship between plot size (x) and coefficient of variability (C.V.) for sun-
flower seed yield, 1996.
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Fig. 2. Relationship between plot size (x) and coefficient of variability (C.V.) for sun-
flower seed yield, 1997.
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