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ABSTRACT

Soil variability affects experimental resuits and we can minimize this effect
by choosing a proper design and the use of optimum number of plots, blocks,
samples as well as their sizes. This study aimed to investigate effect of
these Interrelationships on experimental and sampling errors, relative efficiency and
coefficient of variation {C.V) as measures of accuracy for randomized complete block
design in sorghum experiments. Two uniformity trail were conducted at Shandwee!
Agricuftural Research Station, Sohag Governcorate during 2004 and 2005 seasons
Dorado variety was used in both seasons. Total field area was 2287.5 m? (0.545
feddan )} for each trial that divided into & strips consisted of 120 ridges each
censidering ridge as the basic unit. Samples consisting of 5, 10, 15, 20, and 25
plants and data were assigned in randomized complete block design with different
number of plots (k), blocks (b), sample (s) as well as their sizes in the two seasons.

Results cfeared that increasing sample size and number of blocks led to
Increase relative efficiency. Increasing number of plots per block, with number of
blocks and size of sample aiso led to increase relative efficiency and precision of
the analysis. Results aiso cleared that the optimum combinations were 2,3 and 4
blocks of area 97.2, 129.6 and 144 m? with number of plots of 9, 12 and 16 plot per
block of area 10.8, 10.8 and 9 m? as plot sizes and 25, 25 and 20 plants as size of
sample, respectively. These combinations scered RE equal to 190, 197and 230% in
first season and 149, 173 and 217% in second season, respectivelyl The coefficient
of variation (C.V.) estimates scored 13.62. 8.64 and 7.22 % in first season and
11.45, 10.34 and 8.04 % in the second season, respectively. These results also
showed that number of blocks is inversely proportional with sample size.

Experimental (E)} and sampling (S} errors values alsc compared with each
other to estimate the optimum sample size. Results cleared that sampling error
scored 0 075, 0.127 and 0.234 in first seascn and 0.254, 0.124 and 0.208 in second
season while experimental error scored 0.326, 0.256 and 0.738 in the first season
and 0.424, 0.333 and 0.959 in the second season for 2,3 and 4 blocks, respectively,
these indicating homogeneity of sample size .

INTRODUCTION

Sensitivity of experimental results is affected by soil variability as a
major factor. A great deai of the soil effect can be minimized by the choice of
a proper design and the use of optimum block and plot sizes, number of
replications and sample size. This emphasizes the importance of determining
soil variability in experimental figlds, and estimating the optimum block and
plot size, as well as number of replications in these fields. The uniform plats
and blocks are very important to detect the true differences between
treatment means. The size of block, number of plots per block and number of
samples per plot depends upon degree of soil homogeneity. Several factors
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have to be taken into consideration as soil type, number of replications,
number of samples, optimum plot size and the efficiency of experimental
design. Interrelation between these factors makes it exiremely difficuit to take
only a single factor under consideration. Previous reports investigated all
these factors separately for different crops except sorghum and this study
aimed to detect their intemrelations. Moreover, this study gives researchers
the chance to choose optimum combinations of hlock and plot sizes, number
of replications and sample size for randomized complete block design with a
lower cost and sizable gain in precision. Also, this study will be useful for
breeders, agronomists who concern with improving the experimental results
of sorghum (Sorghum bicolor (L.} Moenchj). Charles and Mason (1959)
reported that the necessary number of replications to obtain a least significant
difference of 15% of the mean yield of soybean was estimated as 9,5 and 4
for 1, 2, 3, 6 and 4 basic units, respectively. Rampton and Petersen (1962) on
orchardgrass, showed that, increasing number of replications permitted
detection of smaller differences in yield. Torrie et.al (1963} on alfalfa -
bromegrass mixtures, found that number of replicates required to detect
differences among treatments decreased with the increase in piot size. Galal
and Abou El-Fittouh (1971) on cotton, estimated optimum plot size as 18 to
29 m®. Also results pointed out that the sensitivity of the experiment to detect
specified magnitude between means was affected by increasing the plot size.
Khalil et.al. (1971) on cotlon yield trials, found that the optimum plot size
ranged from 1/800 feddan and 1/300 feddan and from 1/300 to 1/200 feddan
for Germmeiza and Sids locations, respectively. Abou-El-Fittouh (1976)
reported that the value obtained for relative efficiency indicates that
randomized complele blocks design is more efficient than the completely
randomized design for different crops. Cochran (1977) estimated the
optimum sample size by minimizing the expected product of cost and
variance components. El-Kalla and Gommaa (1977) reported an optimum
plot size for wheat which was 3.0 m* {1/1400 fed), using Smith’s procodure in
Gemmeiza and Sids. However, it was 7.0 and 5.0 m by using modified
maximum curvature technique for the previous two locations, respectively.
EL- Rassas (1982} on wheat, found that the optimum plot size ranged from 4
to 8 basic units with 1/300 to 1/500 feddan. Casler and Ehike (1985) reported
that increasing sample size increases precision, but also increases the cost.
Lin and Binns (1988) in their study on relative efficiency of two randomized
blocks design with different plot size and number of plots per block. They
reported that the purpose was to use information of past experimenis to
improve the proposed design or through increasing the plot size. Lefoet
{1987) provided that, the efficiency of comparisons between treatment means
are particularly related to the size and number of experimental units. Nasr
(1991) found that the convenient number of samples were various from one
character to the other and number of sampie size ranged from 6 to 80
samples. Surin (1992) studied the sensitivity of statistical tests to detect the
differences between treatment means. He found that, when the sample size
ranges from 20 o 24 piants causes higher efficiency in estimation than
simple random sampling. EL- Rayes ef.al (1993) working on wheat,
concluded that increasing plot size decreased the variance per basic units
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and the optimum plot size ranged from 1/1000 to 1/750 feddan. Zedaker,
et.al. (1993) reported that, the ability to detect small differences between
treatment means depends on relation among sample size, type | and |l errors
probability and coefficient of variability of the data. Poultney and Webster
{1997) showed that, the optimum plot size ranged from 1x1 m to 4x4 me , they
studied optimum plot size and shapes for field experiments on trasses. Wei
Vei et.af. (2001) mentioned that, the amount of replication depends on the
size of treatment differences (plot differences ) to detect the variation in the
data. Ashmawy ef.al. (2003) recommended that the optimum plot size was 4
sample units being 2.8 m’ in wheat. EL- Taweel {2004) in his study on wheat
for number of plots (k), blocks (b}, sample (s} as well as their sizes in
randomized complete blocks design found that increasing sample size
followed by increasing number of plots per block with decreasing of sample
and experimental errors for all optimum combinations.,

MATERIALS AND METHODS

To determine optimum number of plots, biocks and sample as well as
their sizes for randomized complete block design in sorghum, two uniformity
trials were conducted at Shandweel Agricultural Research Station, Sohag
Governorate during 2004 and 2005 seasons. Dorado variely was used in
both seasons and all recommended praclices were done as usual in sorghum
fields. The total field area was 30.5 X 75 m {2237.5 m? =0.545 feddan) for
each trial and the area was divided into 6 strips. Each strip was consisted of
120 ridges with 3 m long and 60 cm apart (1.8 m*) considering the ridge as
the basic unite. Conseqguently, a total of 720 basic expenmental units were
used for each trial which was done in June 10™ and 18", Distance between
hills was 15 cm, plants were thinned o two Elants/h:ll afler 20 days from
sowing. Plants were harvested in October 10" and 19" in 2004 and 2005
seasons, respectively. Each basic unit (row) was harvested separately after
discarding two plants from each end 1o eliminate the border effecl. Sampfes
consisted of 5, 10, 15, 20, and 25 piants which were chosen by random from
each piot. Data were assigned in randomized complete block design with
different combinations of plots (k), blocks {b), sample {s) as well as their sizes
in the two seasons as shown in Table 1.

Statistical analysis:

Block and plot sizes were oblained by using a long grouping of basic
units (rows) of each strip. Number of plots were calculated by dividing the
total number of basic units (720 units) by number of basic units per plot x
number of plots per biock x number of biocks.

The Interrelations amaong number of plots, blocks, sample as well as
their sizes were studied based on experimental and sampling errors, relative
efficiency and coefficient of variation {C.V) in the two seasons .
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The relative efficiency (RE) related to completely randomized design (CRD)
was estimated as follows:

RE {RCBD/CRD )= MSepn,+ 1}{n,+3) X 100
MSe; (n+ 1)(ny +3)

Where:
MsSe, = mean square error for RCBD.
MSe, = mean square error for CRD.

nand n, = erfror degrees of freedom for the RCBD and CRD
designs, respectively.
The statistical analysis of variance for randomized complete block
design (RCBD) was done as outlined by Stee! and Torrie ( 1980 ) with sub
sample analysis as shown in Table 2.

Table 2: Tources of variation, for randomized complete block design
with sub sampling analysis.

Source of variance Degrees of freedom | Expected mean square

Blocks b-1

Treatments k-1 o’s + no’et nb(TK?)/(k-1)

Experimental error (b-1)(k-1) o“s+ No’e
ampling error bk(s-1) o2

Where: b = blocks, k = treatments (number of experimental units), s = samples

RESULTS AND DISCUSSION

Table 3 cleared results of experimental and sampling errors, relative
efficiency (RE) and coefficient of variation (C.V) as affected by the
interrelation among number of plots (k), blocks (b), sampies (s) as well as
their sizes in the two seasons.

Reiative efficiency (RE) was used as indicator for experimental
precision and gain of the analysis compared with CRD design for all
combinations as shown in Table 3. These relations cleared that increasing
sample size and number of blocks led to increase relative efficiency.
Increasing number of experimental units per block, number of blocks and
number of samples also led to increase efficiency and precision of the
analysis.

Using Table 3, we can choose the optimum combinations from
number of plots (k), blocks (b), sampies (s) as well as their sizes when
relative efficiency started to be greater than or equal () 100%. Halic,
underline and bold face clear these combinations . Results indicated that
starting with these combinations true effects between plots can be detected.
Table 3 also clears that increasing sample size and number of blocks more
than selected numbers, also gave continue increase in relative efflc:ency

The results showed that 1; 2 blocks with area of 97.2 m?, 9
plots/block with plot area of 10.8 m” and a sample size of 25 plants, 2) 3
blocks wuh area of 129.6 m’, number of plots/block of 12 with plot area bein ?
10.8 m? and 25 plants as sample saze and 3) 4 blocks with area a of 144 m°,
16 plots/block with plot size of 9 m? and sample size of 20 plants/piot as
sample size were the optimum combinations in the two seasons of the study.
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Coefficient of variation (C.V.) .alsc used as indicator for precision of -
experiment as shown in Table 3. The estimates of coefficient of variation for

previous optimum combinations of 2, 3 and 4 blocks were 13,62, 8.64 and

7.22 % in the first season and 11.45, 10,34 and 6.04 % in the second one,

respectively. These results indicated that increasing number of biocks

increased precision of the experiment and gain of the analysis. Also, results

showed that increasing number of blocks reduced size of sample at the

same precision and same gain of the analysis .

Experimental (E) and sampling (S) emrors aiso compared with each
other tc estimate the optimum sample size. When, sampling error values
started o be less than or equal to experimental error values meaning that
experimental error is valid error and differences between samples were not
significant. This measure also used as indicator 10 choose the optimum
previous combinations. Table 3 clears that sampling error scored 0.075,
0.127 and 0.234 in the first season and 0,254, 0.124 and 0.208 in the second
season compared with 0.326, 0.256 and 0.738 in the first season and 0.424,
0.333 and 0.959 for experimental efror in the second season for 2,3 and 4
blocks, respectively.

Generally Table 3 shows that changing number of samples (5) as
well as plot size and making number of piots (k) and blocks (b) constant the
researcher can determine his optimum combinations depending upon
variahility of his variables, the nature of his treatments and thier costs
depending upon maximum value of reiative efficiency (RE) and minimum
value of coefficient of variation (C.V) in the two seasons. Also, these
estimates indicate that the homogeneity started to be clear in piots and
blocks and we can consider these measures as toois in homageneity triais.
Previous results are simiiar to those obtained by Charles and Mason (1959),
Rampton and Petersen (1982), Torrie et.al. (1963) and Wei Wei ef.al. (2001)
for number of replications, Torrie ef.al. (1963) for number of blocks and plot
size. Galal and Abou El-Fittoun (1971), Khalil et.al. (1971) , El-Kalla and
Gomaa (1977), EL- Rassas (1982), EL- Rayes etal (1993) and Ashmawy
et.al. (2003) for plot size. Abou-El-Fittouh (1976) for relative efficiency in
randomized complete blocks design. Lin and Binns (1986) for relative
efficiency of randomized blocks design with different plot size 2nd number of
plots per block. Cochran (1977), Casler and Ehike (1985), Lefoet (1987),
Nasr (1991), Surin {1992) and Zedaker, ef.al. (1993} for optimum sample
size. EL- Taweel (2004) for number of plots, blocks, sample as well as their
sizes in randomized complete blocks design.
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