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ABSTRACT

Determining sample size to estimate the mean value of a target (infinite) population is of prime
importance to have correct results and conclusions. In general, sample sizes differ as the studied
objects differ. Another factor affect sample size is number of replicates or groups. Small objects, such
as seeds, grains, and bacterial cell sizes require in general larger sample sizes as compared to large
objects, such as human patients, large animals, and large trees. In this short article, a mixture of 12
crosses, maize kernels (k) were mixed to have 12,000 kernels. Sample sizes of 50,100, 150, 200, 250, and
300k were taken to find out which sample size fits the mean of target population (12,000 k). Sample
size of at least 100 k and up gave the best good fit as compared by Chi-square, P=0.10 and 0.05 at one
of degree of freedom. This result was on a heterogenous population of different maize crosses kernel
sizes. On the other hand, a population of kernels of a maize cross (32x19), as homogenous population
was studied by taking sample sizes of 25, 50, 100, 200, 300, 500, and 1000 k. Depending on Chi-square
test, sample sizes of 50 and 100 k gave good estimate to the mean value of kernel weight. A previous
research by Elsahookie et al (6) studied the best combination of sample sizes and number of replicates
to estimate mean value of plant seed yield of maize and sunflower. They found that the best
recommended combination was using sample size of 10 plants with 4 replicates. Hertzog (10) reported
that sample size should be over 40, while Julious (12) recommended sample size of 12 per group. More
studies on other objects of sample sizes are really required.
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INTRODUCTION

Sample size determination is one of the most
important  procedures in  experimention.
Sample size differs according to design used
and type of material studied (1). Studying seed
size or weight is different than studying human
patients or animals (2). Using Chi-square test
does not require large sample size, while using
replicated factorial experiments need larger
sample size (4). However, homogenous
populations such as industrial objects need
smaller sample sizes (8, 9), while studying
heterogenous populations need large sample
size because of high heterogencity in the
population. Singh and Masuku (18), Jenkins
(11) and Rayan (17) showed in their article
two tables to choose sample size: one of them
suggests sample size of population is 222, if
the population 500, while second table shows
that sample size is 212 for a population of 450.
Several researchers such as Rutterford et al
(16), Adcock (3), Guadagnoli and Velicer (7),
Rahman (14) and Wisz et al (20) used lengthy
equations to determine the right sample size in
the study. Meanuhile, Dell et al (5) used
logarethmic equation to determine sample size.
On the other hand, Ranatunga et al (15) used
R? and the structural equation model to find
out the minimum sample size required in the
study. Another researcher (19) compared two
equations; Dahlberg's equation and method of
moment's estimator, and reported that a sample
size of 20 or less is not adequate, but
recommended sample size of 25 to 30 when
the trial is replicated. This recommended result
is with coincidence with that of Hertzog (10)
who reported that sample size of 10 to 40
participants are usually used in references.
Julious (12) stated that sample size of 12 per
group rule of thumb for a pilot study counting
on mean, variance and  regularity
considerations. Finally, Krejcie and Morgan
(13) recommended using the formula;

X2NP (1-P)
d*(N-1)+x2P(1-P)
y* = value of Chi-square 3.84 for 1 d.f
N = population size
P= population proportion (assumed to be 0.50)
d = degree of accuracy (P=0.05).

They showed a table with population size up to
1,000,000, and that the sample size of a
population of 500 is 217. This number is still
high for many experimental uses. The
objectives of this experiment was to shed some
light on sample sizes used by researchers and
to show new results on sample size used on
maize (Zea mays L.) kernels.

MATERIALS AND METHODS

Dry kernels of 12 crosses of maize (Zea mays
L) were taken and 1000 kernels of each were
counted and weighed. Then all kernels of the
crosses were mixed together to make a
heterogenous population. Means of single
kernels were calculated (Table 1). The overall
mean of all kernels was 212.5 mg. Samples of
50, 100, 150,200,250 and 300 kernels were
taken from the main mixed population (12000
kernels). Data in Table 2 showed the sample
size weights and single kernel weights. On the
other hand, sample sizes of 25, 50, 100, 200,
300, 400, 500, and 1000 kernels were counted
from maize cross (32x19). Table 3 shows
sample sizes, sample weights, and single
kernel weights. The Chi-square was used to
compare means of data to the population mean
(1000 k).

RESULTS AND DISCUSSION

Data on maize kernels weights of the 12
crosses (1000k each) are shown in Table 1.
Variation in kernel weights of maize crosses
was ranging from 140.2 mg/k to 264.2 mg.
These kernels were mixed together to have a
heterogenous population of kernel weights.
Samples of 50, 100, 150, 200, 250, and 300k
were taken from mixed kernels of Table 1 and
shown in Table 2.

Sample size: when

Table 1. Weights of 1000 kernels of twelve crosses of maize and their single kernel weight

Cross 1000k (@) single k (mg)
1- 32x49 240.22 240.2
2-32x21 264.24 264.2
3-4x51 217.40 2174
4-60x49 220.02 220.2
5- 49x17 140.20 140.2
6- 17x4 195.38 1954
7- 32x60 208.10 208.1
8- 32x51 243.14 243.1
9- 60x51 203.60 203.6
10- 4x21 216.72 216.7
11- 61x49 187.34 187.3
12- 32x19 213.15 213.2
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Overall average 212.5

Here we intended to check which sample size
will represent the original population shown in
Table 1 counting on Chi-square value for p =
0.10 and .05 of one degree of freedom. The
results show that sample size of 50 k did not
gave a good estimate. However, samples of
100 to 300k all gave a good fit to the value of
single kernel weight shown in Table 1(213.2
mg/K). This is because of different position of
kernels on maize cob. So, we can recommend
using at least 100 k to estimate kernel weight
of maize with or without replication. Julious
(12) reported using sample size of 12 per
group as a rule of thumb. However, small
objects under study are of prime importance in

sampling technique. Suppose we work on
human patients, they are similar in many
things, same thing will be correct on animals
or trees, that is to say that variation in human
patients responding to a drug could be very
similar. Otherwise, we can not recommend a
drug to treat a disease. Chi- square could be
used to compare a group of patients to another,
one control, and the other taking the drug.
Meanwhile, we can notice the recommended
result previously reported by Krejcie and
Morgan (13) which they gave a table prepared
by using a formula that gave high sample sizes
of large population which we can not handle in
experimentation.

Table 2. Sample sizes of maize kernels taken randomly after mixing all the 12 crosses kernels
and their corresponding weights (mg).

Sample size Sample wt. Single k
(k) (9) (wt. mg)
50 10.56 209.2
100 21.33 213.3
150 32.02 213.5
200 42.44 212.8
250 52.98 211.9
300 63.62 212.1

¥ at p=0.10 and 1 d f = 2.70 and p=0.05 = 3.84

The second test in this article was on kernel
weight estimation of a maize cross (32x 19)
which we could consider as homogenous
population in term of kernel size (Table 3).
Sample sizes of 25, 50, 100 200, 300, 400,
500, and 1000 k were taken with their weight
and single kernel weights. Chi-square test of
probability 0.10 and 0.05 of one degree of

freedom was used for comparison. Sample size
of 25k should be avoided for it did not give a
good fit, while sample size of 50 k and up
showed best fit to estimate the 1000 k
population (213.2 mg/k) as the infinite or
target population. In general, sample sizes of
100 up to 500 k all gave almost the same
estimate of kernel weight of this maize cross.

Table 3. Sample size, total weight (g) and single kernel weight (mg) of the maize cross 32x19

Sample size Sample Kernel
(k) (wt.g) (wt.mg)
25 5.40 216.2
50 10.74 214.8
100 21.31 2131
200 42.6 213.0
300 63.93 213.1
400 85.31 213.3
500 106.50 213.0
1000 213.15 213.2

x% for x 0.10 and 1 d.f=2.71, x 0.05 =3.84

Hertzog (10) used samples of 10 to 40 per
group and evaluated them, and concluded that
sample size of 40 participants was not enough
adequate for high confidence, then sample
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seed yield of maize and sunflower (Helianthus
annuus L.). They reported using replicates 3 to
6 with sample sizes of 5, 10, and 25 plants at
each replicate. That was to find out the best
combination of replicate number with a
specific sample size. They found in maize
plant grain yield that using 10 plants at each of
4 replicates gave the best grain yield estimate
of target population of 630 plants population
as compared by LSD, 0.05 probability level.
Similar result was obtained on sunflower with
a little difference between the two years of
study. We can conclude and recommend using
at least 100 kernels or seeds to estimate their
weight of a cultivar, and using 10 plants with
at least 4 replicates to estimate sunflower and
/or maize plant seed yield. Studies on similar
crops can use this sample size, but studies on
human patients, large animals and large trees
should consider other sample sizes.
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