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FIELD PLOT TECHNIQUE STUDIES FOR LATIN SQUARE

DESIGEN IN ONION EXPERIMENTS
Barakat.Somia A. M. and A. M. S. A. El-Taweel
Cent. Lab . for Design and Stat. Analysis Res., ARC, Giza, Egypt.

ABSTRACT

Two uniformity experiments were conducted at the Agricultural Research
Station of Sids, Beiny Suef Governorate to study the interrelations among different
sizes of squares, samples, and plots during 2004/2005 and 2005/2006 seasons.

The trails were transplanted by onion variety Giza 20 and the actual area of
each trial was divided into 12 strips. Each strip consisted of 144 ridges considering the
ridge as basic unit with total ridges of 1728 and basic units (rows) were separately
harvested. Study of interrelations among sizes of squares, samples and plots based
on high relative efficiency (high precision), critical limit of coefficient of variation (C.V s
15%) and cnitical limit of significance (s 5%} between plot means (treatment means) in
the two seasons . The refalive efficiency {RE) for Latin square design was estimated
as related to completely randomized design (CRD} supposing homogeneity of
experimental conditions.

Results cleared that changing of plot size led to changing square size,
changing RE, C.V and consequently critical limit of significance between plot means in
the two seasons. The optimum combinations from sizes of squares and plots were
10x10 and 11x11, for 1.8 and 3.6 m® plot sizes and 9x9 tize of square, for 54, 7.2
and 9 m® plot sizes and 8x8 size of square for plot size 10.8 m° and 7x7 size of
square for 12.6 and 14.4 m?® plot size and 6x6 size of square for 16.2, 18 and 19.8 m?
plot sizes and 5x5 size of square for 21.6 m* plot size. Resuits also recorded the
highest gain of precision of Latin square design being 26, 27.61, 33.35, 49.64, 45.64,
93.97, 50.58, 45.24, 32.03,24.98, 14.87, and 11.59% in first season and 22.48, 30.20,
26, 33, 29, 11, 25, 49, 26, 42,19 and 27% in the second season with sizes of plots of
1.8,36,45,7.2,9,10.8, 12.6, 14.4, 16.2, 18, 19.8 and 21.6 m?, respectively. Critical
limit of coefficient of variation (C.V s 15%) ranged from 15 to 6.34 % in the first
season and from 15 to 10.16 % in the second season. Critical limit of significance
hetween piot means (s 5%) ranged from 0.288 to 0.075 in the first seasen and from
0.342 to 0.064 in the second season for the optimum combinations.

The previous results give researcher a chance to determine his optimum
combinations from sizes of squares and plots depending upon variability of his
variables, the nature of his treatments and their costs. Also researcher can depend
upon maximum gain of precision (RE), critical limit of coefficient of vanation (C.V) and
critical limit of significance between plot means for indicating homogeneity of the

experimental field.
INTRODUCTION

Accuracy of experimental results is affected by soil heterogeneity as a
major factor. This 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. Uniform plots and blocks are very important to detect the true
differences between treatment means because size of block, number of plots
per block and number of samples per plot depend upon degree of soil
variability.

Several factors have to be taken into consideration to study the efficient
of Latin square design as size of square (rows x columns), size of plot per
treatment and size of sample. These factors are very important to detect the
true variability between treatment means and it extremely difficult to take only
a single factor under consideration in the study.
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Chica and Rodriquez (1967) on onion trials found that 22.32 m? was
optimum plot size. Abou EL-Fittouh {1977) concluded that the Latin square
design, was efficient than the completely randomized design, or the
randomized complete block design with rows or columns as blocks. El-KaII?
et. al. {1981) on onion trials they found that the optimum plot size was 7.2 m",
Abd EL-Halim and Saad (1989) found that the Latin square design expressed
high relative efficiency over randomized complete blocks (142.91%). Surin
(1992) studied the sensitivity of statistical tests to detect the differences
between treatment means. He found that, when the sample size ranged from
20 to 24 plants, efficiency was higher than that of simple random sampling.
EL-Taweel (1999) on maize showed that precision of Latin squgre desigg
with 5x5, 6x6 and 7x7 treatments with plot size ranged from 4.2m" to 26 m
recorded 22, 24 and 47% in the first season and 26, 75 and 79% in the
second season. Also he found that averages of coefficient of variation were
approximately 13% and 12% and these values were considerably lower than
those commonly obtained in maize yield trials indicatin? that the soil field
should be as homogeneous as possible to obtain highly accurate results.
Rarakat {2002) on onion fertilization trials showed that the optimum plot size
was ranged from 40 to ?0 m*. EL-Taweel {(2004) in his study on wheat for
number of plots (k), tlocks (b), sample (s) as well as their sizes in
randomized complete blocks design, found that increasing sample size
‘llowed! by increasing number of piots per block with decreasing of sample
2nd =xpenmental errors fo: all optimum combinations. Ragab et. gf. {2006) on
onion reporicd that optimum plot size were 14.968 and 9.168m" in the first
and second season, respectively.

To give the researchers a chance to choose optimum combinations
from size of squares that suits size of plot per treatments with maximum gain
of precision and low costs, the current study aimed to investigate
interrelations between size of squares and size of plot for Latin square design
in onion (Allium cepa L.) experiments.

MATERIALS AND METHODS

Uniformity trails are outlined by planting the experimental site with a
single crop variety and applying all cultural and management practices as
unitformly as possible. Sources of variation are kept constant except that due
to soil heterogeneity.

The aim of the study was to investigate the interrelations among
different sizes of squares (different number of rows x different number of
columns), different samples ({(different plot yields)/(different No. of
rows/piots)} as row averages and different plot sizes under uniform
conditions. Hence, two umformiz experiments were conducted at the
Agricultural Research Station of Sids, Beiny Suef Governorate and were
transplanted using onion varjety Giza 20 with 10 cm. apart on both sides of
each ridge on January 10" and 197, during 2004/2005 and 2005/200§
seasons, respectively. The actual area of each trial (36 X 86.4 m = 31104 m
= (.741 feddan) was divided into 12 strips. Ea!,ch strip consisted of 144 ridges
with 3 m long and 60 cm apart equal to 1.8 m® considering the ridge as basic
unit with total ridges LSqual tom1728. Basic units (rows) were separately
harvested on June 10" and 19" for the both seasons after discarding two
plants from each end to eliminate the border effect. All recommended
practices were done as usual in onion fields. Data were assigned in Latin
square design with different combinations of size of squares, plots and
ditferent number of trails as shown in Table 1.
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Statistical analysis:

The sizes of squares were obtained by using different numbers of
rows x numbers of columns from basic units of each strip. Number of squares
(analyzed experiments) was caiculated as follows:

Number of squares = total number of basic units for all experiment / number
of basic units per plot / size of square
Where:
1- Number of basic units per plot 1,2, 3,4, 5,6, 7, 8,9, 10, 11 and 12 rows.
2- Sizes of squares were 3x3, 4x4, 5x5, 6x6, 7x7, 8x 8, 9x9, 10x10, 11x11
and 12x12.

The size of plot was obtained by using a row length x row width x
number of rows for each plot. Interrelations among sizes of squares, samples
and plots were studied using three parameters namely. relative efficiency
(high precision), critical limit of coefficient of variation (C.V < 15%) and critical
limit of significance (s 5%) between plot means (treatment means). The
relative efficiency (RE) of Latin square design was estimated as related to
compietely randomized design {(CRD) supposing homogeneity of
expenimental conditions, as follows:

RE(LS/RCBD) = Mseq(n,+1}{n,+3) X 100

Mse; (ny + 1)(n, + 3)
Where:
LS =Latin square design.
Mse, =mean square error for CRD.
Mse, =mean square error for LS.
n, and n, =degrees of freedom for CRD and Latin square designs,

respectively.

The statistical analysis of variance for Latin square design was done
as outlined by Steel and Torrie { 1980 ) as shown in Table 2.

Table 2: Sources of variation, for Latin square design with expected
mean squares.

Source of variance Degrees of freedom Expected mean square
Rows -1
iColumns -1 .
Plots (treatments) p-1 L ‘ot Cr (ZuM(p-1)
imental error (r-1}c-1)] - {p-1) C'e
Whare:

r = number of rows

¢ = number of columns

p @ number of plots (treatments)
tl » treatment offect

o*, = experimental error
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RESULTS AND DISCUSSION

Different combinations of sizes of squares, samples and plots,
relative efficiency, coefficients of variation (C.V) and probability of
significance between piot means (treatment means) are presented in Table 3.
Bold face line refers to the optimum combinations selected from these sizes
that had high relative efficiency (high gain of precision), critical limit of
coefficient of vanation (C.V = 15%) and critical limit of significance (< 5%)
between piot means in the two seasons.

Table 3 clears the gain of precision of Latin square design over the
completely randomized design being 26, 27.61, 33.35, 49.64, 45.64, 93.97,
50.58, 45.24, 32.03,24.98, 14.87, and 11.59% in first season and 22.48,
30.20, 26, 33, 29, 11, 25, 49, 26, 42,19 and 27% in the second season. This
gain was recorded forsnzes of plots of 1.8, 3.6, 4.5, 7.2, 9, 10.8, 12.6, 14.4,
16.2, 18, 19.8 and 21.6 m’, respectwey which corresponds sizes of squares
of 10x10 and 11x11 for 1. 8 and 3.6m° plot sizes and 9x9 size of square for
5.4, 7.2 and 9m? plot sizes and 8x8 suze of square for plot size 10.8 m? and
7x7 size of square for 12.6 and 14.4 m? and 6x6 size of square for 16.2, 18
and 19.8 m? and 5x5 size of square for 21.6 m? plot size. The results scored
critical limit of coefficient of variation (C.V s 15%) of 15, 15.11, 14.58, 12.91,
13.91, 6.38, 7.98, 8.01, 6.94, 6.34, 13.5 and 11.4 % in the ﬁrst season and
14.92, 14.4, 14.6, 13.5, 12.5, 12.14, 10.16, 12.04, 11.12, 15, 13.5 and11.14%
in the second season for corresponding sizes of plot respectively.

Results in Table 3 indicated that the critical limit of significance (s
5%) between plot means were 0.057, 0.09, 0.069, 0.288, 0.088, 0.43, 0.056,
0.094, 0.802, 0.31, 0.09 and 0.059 in the first season and 0.089, 0.096,
0.064, 0.372, 0.072, 0.92, 0.342, 0.182, 0.068, 0.075, 0.19 and 0.087 in the
second seasons for the selected combinations. These critical values cleared
the significance between plot yield averages.

The averages of row were considered as samples and estimated
from1,2 34,56, 7, 8 9 10, 11 and 12 rows per plot. The averages were
4.910, 5629, 4.740, 4.893, 4.803, 4.664, 4.948, 4987, 4.428, 4670, 4.124
and 3.908kg/row in the first season and 4.869 and 5.023, 5.201 and 5.35,
4.9 4.776, 4.376, 4,965, 5.537, 3.789, 3.517, 4.287, 5.214 and 3.879kg/row
in the second season for corresponding plot sizes.

The previous results indicated the homogeneity of the experimental
soil field and accuracy of the results which increase the efficiency of onion
experiments.

The results obtained are in agreement with those of Chica and
Rodriquez (1967), Abou EL-Fittouh (1977), El-Kalla et. al. {1981), Abd EL-
Halim and Saad (1989), Surin (1992), EL-Taweel (1999), Barakat (2002), EL-
EL-Taweel (2004) and Ragab ef. al. (2006).

Table 4 represents the selected combinations from sizes of squares,
samples, plots and their probabilities of significance between plot means,
coefficients of vanation (C.V) and relative efficiency (RE).
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Generally, changing of plot size led 1 change of square size and, in
tum, changing RE, C.V and critical imit of significance belween plot means in
the two seasons. This change gives researcher a chance o determine his
optimum combinations from sizes of squares and plols depending upon
variabiity of his variables, nature of his treatments and their costs. Also,
researcher can depend upon maximum gain of precision (RE), critical imit of
coefficient of varation {CV) and critical Emit of significance belween plot
means for indicating the homogeneity of the experimental field and these
measures could be considered as tools of homogeneity of field trials.
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