
SAMPLING

When collecting data from an experiment or a general population, it is usually
impossible to measure every individual in the population so a subsample must be taken
of a portion of the individuals in the population. The manner in which the sample is
taken and the number of individuals included in the sample affect the adequacy of the
sample. An appropriate sample is one that measures as closely as possible the value
that would be obtained if all individuals in the population were measured. The difference
between the sample value and the population value constitutes the sampling error.
Thus, a good sampling procedure must give a small sampling error.

The sampling unit is the unit on which the actual measurement of a character is
made. In replicated experiments, where the plot is the population, the sampling unit is
smaller than the plot. Examples of sampling units are a plant, a leaf, a group of plants
(hill, row), a specified area, a farm, a village, a farmer, etc. The characteristics of a
good sampling unit are:

(1) it is easy to identify
(2) it is easy to measure
(3) it has high precision and low cost

The sampling unit that has these characteristics may vary with the crop, the
character to be measured, and the cultural practice used. For example, in counting tiller
number in transplanted rice, a plant or hill may be appropriate, but in broadcast rice, a
hill is not easily identifiable as a unit and there is large variation from plant to plant due
to nonuniform spacing. Therefore, the sampling unit may be a particular area, 20 x 20
cm or 1 x 1 m. There are often several good sampling units available, but the best
sampling unit selected is the one that will give the highest precision at reasonable cost.
Precision is usually measured by the variance of the estimate of the character of
interest and the cost is based on time spent in measuring each sampling unit. The
smaller the variance, the more precise the estimate. The faster the measurement
process, the lower the cost.

Sampling Design

A sampling design describes the manner in which sampling units are selected
from the population.

Simple random sampling: Simple random sampling means that each of the N
units in the population (plot or animal, in the case of an experiment) is given the same
chance of being selected to compose the n sampling units (n < N). An example of
simple random sampling would be selecting mangoes from a conveyor belt for the
analysis of sugar content. For field plots, one procedure is to number all plants in a plot
from 1 to N and select at random n numbers using any of the procedures for selecting
random numbers. For example, in a rice experiment with 4 x 6 hills in a plot, 4 hills may
be chosen by selecting pairs of random numbers such that the first ranges from 1 to 4
and the second ranges from 1 to 6, i.e., 21, 42, 35, 14.
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This procedure may be applied to collecting soil or plant samples from a field.
Two base lines should be established at right angles to each other in the South-West
corner of the field and a scale interval such as meters, paces, chains, etc. established
to determine the length of the two base lines. Several pairs of random numbers can be
chosen from a table of random numbers and these are the coordinates which locate the
exact spots in the field from which each sample will be taken.

Multistage sampling: In certain instances, the appropriate sampling unit may not
coincide with the unit upon which the measurement of a character is made. For
example, in measuring panicle length in transplanted rice, the unit of measurement is
the panicle. It is not practical to use the panicle as the sampling unit in a simple random
sampling scheme since it would require counting and listing all the panicles. It is also
not practical to measure all the panicles in each sample hill. A logical alternative is to
take a simple random sample of n1 hills from each plot, and from each of the selected
hills, take a random sample of n2 panicles. Such a sampling procedure is referred to as
a two-stage sampling design with “hill” as the primary sampling unit and “panicle” as the
secondary sampling unit. Another example of multistage sampling would be the random
selection of trees within orchards followed by the random selection of mangoes from
each tree.

A similar approach may be used in selecting farm workers in a village to
interview. The primary sampling unit would be the farm since these are easily
recognized and counted, while the secondary sampling unit would be the farm workers
on the selected farm.

Hierarchical designs are CRDs with subsampling and the analysis is similar to
multistage sampling.

An example compares the sugar content of 3 different varieties of mangoes, with 4
trees selected from each variety, and 5 mangoes tested from each tree.

ANOVA

Source df SS

Total vtm - 1 59 Total for each mango

Variety v - 1 2 Total for each variety

Tree (Variety v(t - 1) 9 Total for each tree - SS Variety

Mango (Tree) vt(m - 1) 48 SSTotal - SSTree

Stratified random sampling: In stratified random sampling, the population is first
divided into subsections and then a simple random sample of n sampling units is
selected from each of those subsections. Such subsections are referred to as “strata”.
For example, if samples are to be collected from a field which has a hill as well as a
level area, it should be divided into two strata, one the hill and the other the level area.
Random samples would be collected in each stratum and kept separate. This would
allow information on soil nutrients, for example, to be obtained for each section of the
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field separately since it is likely that the nutrient
status of the hill and level sections would be
different. Similarly, plants growing in these two
areas are likely to differ in vigor and production
because of soil nutrient and moisture differences. In
the collection of data over a period of time, such as
a year, it is also wise to divide the period into strata
such as the wet and dry period, or the cool and hot
period, etc. Such stratification will increase the
precision of estimate if the sampling units between
strata are more widely different than sampling units
within strata. Animals are often stratified by sex,
age, weight, or breed.

A variation of stratified sampling can be used
in collecting soil samples from an experimental plot
during or after the crop is grown. Because plant
roots are more highly concentrated near the bases
of plants than in the interrows, moisture and nutrient
extraction can vary accordingly, i.e., greater
moisture and nutrient removal between plants in the

row than between rows. Therefore, a more representative sample of the nutrient status
of the plot as a whole can be obtained by requiring that equal numbers of samples be
taken within the rows as between the rows. The actual location of the sample in the row
can be chosen at random. Care should be taken to avoid collecting samples in the
border areas of plots which may be subject to soil movement and thus contaminated by
adjacent treatments.

Systematic sampling: This sampling method appears to be quite different from
simple random sampling at first. On closer inspection, however, it is simply a variation
of random sampling. Suppose that the N units in the population are numbered 1 to N in
some order. Regard the N units as arranged round a circle. Let n = sample size and k
be the integer nearest to N/n. Select a random number between 1 and N and take
every kth unit thereafter, going round the circle until the desired n units have been
chosen. Suppose in a plot with 25 plants we want to measure a sample of 6 plants,
therefore, n = 6 and N = 25. Then k = 25/6 = 4. If the random number is 10, we take
plants numbered 10,14, 18, 22, 1, and 5. Every plant has an equal probability of
selection with this method. An alternative to using a random number to select the
starting plant is to randomly select a plant (which is not sampled) and then to sample
every 4th plant after it. If plant 10 was selected, the sampled plants would be 14, 18, 22,
1, 5, and 9.

(Based in part on Gomez, K. A. and A. A. Gomez. 1984. Statistical Procedures for
Agricultural Research with Emphasis on Rice. Second Edition. The International Rice
Research Institute, Los Banos, Philippines.)

Outliers
If a very abnormal plant or diseased plant, etc, is to be sampled, skip it and sample the

Figure 1. Dividing and sampling a
60-acre gravity irrigated field.
(R.B. Ferguson, K.D. Frank, G.W.
Hergert, E. J. Penas, R. A. Wiese 1991.
NebGuide G91-1000 Guidelines for Soil
Sampling)
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next plant that is normal.

The objective in sampling is to collect a sample that represents the NORMAL
population of plants in the plot. Remember that abnormal plants or outliers occur above
as well as below the mean. Skipping only those below the mean will result in a biased
sample.

Sampling in an RCBD
For sampling plots in several blocks in an experiment, one can
a. Make a different randomization for each plot in a block.
b. Use the same randomization for all plots in a block and make a new

randomization for each block. This is simpler and  makes data collection easier
as the same pattern is used for each plot in a block. This gives greater uniformity
between plots in a block and encourages data collection by blocks.

Sampling for repeated measurements
If measurements are made repeatedly on the same plants or animals, bias can result
due to stress of handling, compacting the soil by walking around, etc. Performance of
plants or animals may be affected. 

Remedies:
a. Use a completely different set of plants or animals for each measurement.

Problem is the introduction of variation in samples.

b. Partially replace a proportion of the plants or animals each time. The proportion
replaced depends on the estimated undesirable effects of measuring each
repeatedly. Can replace 25% or 50% of the sampling units each time depending
on how serious the effects might be.

Subsampling with an Auxiliary variable
Sometimes it is too costly or time consuming to measure directly a particular character
of interest. Can measure another character that  is closely related with the character of
interest, yet easier to measure.

Example. Weed count is useful in evaluating weed infestations, but it is highly variable
and requires a fairly large sampling unit to attain reasonable accuracy. Weed weight is
closely related to weed number and is simple to measure.

Measure weed weight on 60 cm x 60 cm sampling units (area) collected from each plot.

Measure both weed count and weed weight on 20 cm x 20 cm subunit taken from within
each 60 x 60 cm unit.

Mathematical Model

CRD:
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RCBD: 

ANOVA for RCBD with Sampling

Source df SS

Total stb - 1 SSTotal

Treatment t - 1 SSTrt

Block b - 1 SSBl

Trt*Block (Expt Error) (t - 1)(b - 1) SSTrtBlsubtotal - SSBl - SSTrt

Sample tb(s - 1) SSTotal - SSTrt - SSBl - SSTrt*Bl

s = no. samples /plot
b = no. blocks
t = no. of treatments

Number of Samples

To determine the number of samples to collect to give a required level of precision, use
the formula:

    Where t2 = value from the t table for desired probability
s2 = variance
d2 = allowable error (estimates the true mean to be within + this value)

Example. Number of soil samples required for the determination of exchangeable K to
within + 5ppm. Preliminary study collected 10 cores from the 0-15 cm depth. Values
from this set of samples are:

59, 47, 58, 80, 57, 58, 62, 52, 50, 47 ppm.
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ANOVA with Sampling

Example. 3 rice varieties tested in 3 blocks in RCBD. Number of panicles per hill is
counted for 3 hills in each plot.

Block

Variety I II III Var.
Total

Pan/Hill Tot Pan/Hill Tot Pan/Hill Tot

IR8 6 7 10 23 8 7 11 26 6 6 5 17 66

IR20 8 8 9 25 10 5 7 22 12 7 9 28 75

IR36 12 14 11 37 11 13 10 34 9 10 12 31 102

Rep
Total

85 82 76 243

ANOVA

Source df SS MS F F.05 Components of Variance

Total 26 162.00

Block 2 4.67 2.34 0.44 6.94

Variety 2 78.00 39.00 7.32 6.94

Expt error 4 21.33 5.33 1.66 2.93

Sampling error 18 58.00 3.22

Calculation of the number of samples and number of reps

s = no. samples /plot
b = no. blocks

Variance among hills within a plot,  is estimated by Sample MS
s2 = 3.22

Variance among plots of the same variety,  is estimated by:
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Variance of a variety mean is estimated by:

Margin of Error, d: variation in the estimate of the treatment mean which the researcher
is willing to tolerate. This is generally about 2xCV.

For variety means

Variety mean for panicle number can be expected to be within 2CV or + 17% of the true
mean.

To increase precision, increase either the number of hills sampled or the number of
blocks in the experiment.

Add one more block to the experiment: b=4, s=3.

Measure 3 more hills for a total of 6 hills per plot: b=3, s=6.

Summary
b = 3 s = 3 CV = 8.6% 2CV = 17.2%
b = 4 s = 3 CV = 7.4% 2CV = 14.8%
b = 3 s = 6 CV = 7.1% 2CV = 14.2%
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Can achieve similar precision by adding one more block or by measuring 3 more hills
per plot. It is cheaper to measure 3 more hills per plot than to install another block.
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