
Treatment Design

Types of treatment designs:
1. Discrete treatments
2. Dose response
3. Factorial designs
4. Partial factorial designs
5. Fractional factorials
6. Response surface designs

Discrete treatments:

Often experiments are designed to compare discrete treatments such as varieties,
brands, sources, etc. In such experiments, it is up to the researcher to identify
relationships, if any, among the treatments and to determine the hypotheses to be
tested. For example, response to color may depend on individual preference or may be
determined by greater sensitivity to certain parts of the spectrum. In the first case,
different colors may be considered as unrelated treatments, but in the latter case they
would form an ordered spectral continuum. Relationships may affect the choice of
treatments to be included in the experiment and the most appropriate analysis of the
data.

Means of discrete treatments are usually compared using multiple range tests or
orthogonal contrasts, depending on the relationships among the treatments.

Controls:

Whether or not a control treatment (e.g. unfertilized plots) is needed depends on the
kind of experiment being installed. A control is a treatment in which we may not be
particularly interested, but which may be needed in order to reveal by comparison,
whether or not other treatments are effective, for example, three sources of N fertilizer
that all supply N in equal amounts - ammonium sulfate, urea and ammonium nitrate.
Four possible cases present themselves:

1. The effectiveness of N has already been demonstrated in the soil so the
researcher wants to know which form of N is best. No control is needed.

2. The treatment (N) is known to give an effect, but occasionally conditions of the
test site are such (high soil N) that there is no response to N. A control is needed.

3. It may not be known whether or not the type of treatment (N) is effective. A
control is needed for comparison.

4. There may be an effect of the method of applying the treatment. For example, soil
compaction may affect the results. In such cases two controls are often needed: one
that is left untreated (an absolute control) and another in which the application
equipment is used without applying any N.
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The control is not always an untreated experimental unit. In the case of an NxP
experiment, all treatments received a blanket application of K, Zn, B and Mg. The levels
of N and P ranged from very low, 5-10 kg/ha, to high, 200+ kg/ha. What is the
appropriate control treatment? The treatment receiving the blanket application but with
no N or P.

If one is interested in the effect of one factor, the effects of other factors can not be
ignored as they can affect the results obtained, if not controlled. For example, the
response to N can be affected by other nutrients such as P and K as well as water
supply. Therefore, a uniform (blanket) application of these factors is needed over all N
treatments, or selected intervals of these factors can be applied in a factorial
experiment, for example, N at different levels of P, K, irrigation, etc. One must also be
aware of the effects of the carrier of the nutrient of interest, for example, N applied as

4 2 4 3 2(NH ) SO  or Ca(NO )  can also give a response to S or Ca, respectively, in the
appropriate soil. A similar situation can occur with rations for animals, for example,
rations which have a range of protein that is the factor to be tested may differ in their
content of carbohydrate, fiber, etc. If this is not recognized and appropriate measures
taken to adjust for this, the results of the experiment may be biased.

Dose response:

Careful selection of treatments is not only important in achieving the experimenter’s
objectives, but it also can increase the precision of the experiment. For example, in
studying the effect of a fertilizer, herbicide, or insecticide, it is more useful to determine
how the experimental units respond to increasing doses of the treatment material, than
to decide whether or not two succeeding doses are significantly different. Thus a proper
series of doses will make it possible to plan tests of significance that are more sensitive
than merely comparing adjacent means in an array.

If it is desired to study the nature of the response to increasing amounts of a
fertilizer, herbicide or insecticide, several rates of the material should be used. With two
rates, 0 and 100 lb N/acre, the only conclusion that can be drawn is that the plant does
or does not respond to N. This is appropriate for some studies. The only information
about optimum rate is that the more N that is applied the higher the yield, if yield
increased with N. If it is desired to determine the optimum rate of N for the crop, then at
least 3 rates must be used as this will allow for a curvilinear relationship. Usually 4 or
more rates will give a better estimate of the optimum rate. One of the objectives in rate
experiments with fertilizers and pesticides is to achieve the maximum yield or effect in
the particular experiment installed. This is necessary to properly interpret the response.
If the yield curve is still increasing linearly at the highest rate of fertilizer, for example,
the only conclusion that can be drawn is the more fertilizer applied the higher the yield.
This is not a very useful conclusion. If, on the other hand, the yield at the highest rate is
about the same as that at the second highest rate, this indicates that the maximum
yield plateau has been reached or is being approached. One can now identify the
optimum rate of fertilizer.

It may require relatively high rates of fertilizer of pesticide to reach the maximum
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effect, therefore, geometric rates are frequently used in rate experiments. For N, rates
used might be 0, 50, 100, 200 and 400 lb/acre. This is a doubling of the rate and allows
fairly high rates to be attained with a minimum of treatments. One can also use tripling
or other geometric function. In experiments that are evaluating standard fertilizer
practices of a farmer, rates should include the farmer’s practice, rates below the
farmer’s practice and rates above the farmer’s practice. The highest rate should be on
or near the yield plateau.

Factorial design:

Single factor treatments, such as discrete treatments or dose response treatments,
can be combined into factorial treatment designs. Advantages of factorial designs
include more efficient use of experimental material and information about interactions.
Because complete factorial treatment designs involving several factors require large
numbers of treatments, modifications have been developed to obtain the maximum
amount of information with fewer treatments. These modifications include partial
factorials, fractional factorials, and response surface designs.

Treatment Design Example

Objective: Determine the N, P, K requirements of corn

Consider the problem of determining the nutrient (N, P, K) requirements of corn. The
first thing to decide is the scope of the research. Will the experiment determine the
nutrient requirement throughout the state of Hawai`i, i.e., on Kauai, O`ahu, Maui and
Hawai`i, or will it determine the nutrient requirement of corn on the island of O`ahu? Will
the experiment determine the N, P, K requirements of corn in a pot study in field plots,
in the greenhouse, or possibly in solution culture? The resources required for each of
these experiments are very different so one must clearly identify the population on
which the research is to be conducted. Let us decide to determine the N, P, K
requirements of field grown corn on a single island, O`ahu.

The next decision is the experimental approach or selection of the treatment design.
Choices include:

1. Single factor dose response experiments
2. Factorial experiments
3. Modified factorial experiments

The single factor experiments are very simple and are suitable when one has limited
resources. In our example, we can decide to install three separate experiments, one for
N, one for P, and one for K. In these experiments we are looking for the response
pattern of corn to the nutrient rather than the yield at a specific level of the nutrient. The
response pattern will allow us to predict the best level of nutrient, which may be
between the levels selected for the experiment. We have to decide on the number of
levels of the nutrient and the interval between them. A minimum of three levels is
required to predict anything other than a straight line. It is better to have as many levels
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as one can afford to install. For our purposes, let us decide to use four levels of each
nutrient.

We then have to decide what levels of the nutrients to use. The logic of the
treatment arrangement with four levels of nutrient is:  

1. The lowest rate is the minimum level expected to give useful information to
farmers--may or may not be zero

2. The highest rate is expected to produce a yield which is just short of or equal to
the maximum yield

3. The second and third levels are equally spaced between these two (for ease of
trend analysis with orthogonal coefficients)

4. An "absolute zero" treatment may or may not be needed.

5. A "potential yield" treatment can be included. This is one which is expected to
have no limiting nutrients, e.g. the highest fertilizer levels plus chicken manure,
something else that supplies all nutrients

The three single factor experiments will be:

For an N experiment: N = 0, 40, 80, 160 kg/ha
P = 60 kg/ha
K = 50 kg/ha

For a P experiment: N = 80 kg/ha
P = 0, 30, 60, 120 kg/ha
K = 50 kg/ha

For a K experiment: N = 80 kg/ha
P = 60 kg/ha
K = 0, 25, 50, 100 kg/ha

For the N experiment, P and K are provided as a uniform (blanket) application to all
plots. If the levels of these nutrients are too low, the full response to N will not be
achieved, and if the levels are too high, they may cause a yield depression or interfere
with other nutrients. Soil analysis or experience with similar soils and crops can serve
as a guide to appropriate levels. The three single factor experiments will provide
information about the nutrient requirements of corn on O`ahu, but they will not provide
any information on interactions that can affect the response to certain nutrients.

In order to obtain a measure of interaction, a factorial set of treatments is needed.
Every level of each nutrient will be combined with every level of the other nutrients. In
this case there would be 4N x 4P x 4K = 64 treatment combinations. If these are
replicated three times this will be an experiment with 192 plots. This much larger
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experiment requires more resources, land, fertilizer, labor, and seed, but provides more
information than the single factor experiments.

Objective: Determine the N, P, K requirements of corn

Factorial Experiment
Nutrient levels: N: 0, 40, 80, 160 kg/ha

P: 0, 30, 60, 120 kg/ha
K: 0, 25, 50, 100 kg/ha

Full factorial: 4 x 4 x 4 = 64 treatments

Partial Factorials

What options are available to reduce the size of a factorial experiment? One option
is to eliminate some of the treatment combinations that are less likely to provide useful

5



information. For example, very high levels of one nutrient combined with very low levels
of other nutrients are not likely to provide information on optimum levels. Treatment
designs have been developed with the goals of being able to study the results
graphically and of mathematically estimating economic optima. The best designs do not
require a large number of treatments and are flexible in the number of factors and the
number of levels of each factor that are included.

A useful family of treatment designs that meet these criteria have a 2  factorial asn

the central core augmented with additional treatments extending from the corners.
(Laird, R. J., and A. Turrent. 1981. Key elements in field experimentation for generating
crop production technology. In J. A. Silva (Ed.) Experimental Designs for Predicting
Crop Productivity with Environmental and Economic Inputs for Agrotechnology
Transfer. Dept paper 49. CTAHR. University of Hawaii. pp. 77-106.) An example of an
augmented 2  factorial for the N, P, K treatments is shown. This design requires only 143

treatments.
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Another possibility is to use additional information to reduce the number of factors in
the treatment design. In the case of soil fertility experiments, analysis of the soil for its
for its nutrient content may indicate that one or more of the factors is not limiting in this
area, so that factor may be eliminated or the number of its levels reduced. For example,
if the soil potassium was adequate based on the soil analysis, it could be dropped from
the experiment. The experiment is now an N x P experiment. 
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Assume: Soil analysis indicated that soil K is adequate
Augmented 3 x 3 Factorial Experiment with 15 treatments

N P K N P K

40 30 50 0 0 0

40 60 50 0 30 50

40 120 50 40 0 50

80 30 50 160 120 0

80 60 50 160 120 25

80 120 50 160 120 100

160 30 50

160 60 50

160 120 50

Treatment Comparisons Using Orthogonal Contrasts

1. 3N x 3P factorial
2. Control: N0,P0,K0 compared to N40,P30,K50
3. No N: N0,P30,K50 compared to N40,P30,K50
4. No P: N40,P0,K50 compared to N40,P30,K50
5. Response to K at highest levels of N and P

Many variations of the partial factorial design have been developed, and some
examples are shown. Better designs have more treatment combinations in the mid-ranges
of the treatment factors, and fewer combinations at the extremes.
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In the Escobar partial factorial, the combinations of treatment levels are shifted toward
the center of the range of interest. After the range of interest is determined, coded values
are used to calculate treatment levels relative to the mean level.
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Establishment of N Rates for Escobar 5  Partial Factorial2

Lowest rate: 15 kg/ha
Highest rate: 200 kg/ha
Middle rate: (200+15)/2 = 107.5 kg/ha
Half the distance from 15 to 200 = (200-15)/2 = 92.5

(Distance from highest and lowest rates to middle rate)
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Coded Level Calculation Actual Level, kg/ha

0 107.5

+.85 107.5 + .85(92.5) 186

+.40 107.5 + .40(92.5) 144

-.40 107.5 - .40(92.5) 70

-.85 107.5 - .85(92.5) 29

5  Partial Factorial Modification by Escobar2

Treatment Coded Levels Actual Levels, kg/ha

N P N P

-.85 -.85 29 16

-.85 +.85 29 198

+.85 -.85 186 16

+.85 +.85 186 198

-.40 -.40 70 64

-.40 +.40 70 150

+.40 -.40 144 64

+.40 +.40 144 150

0 0 107 107

-.85 0 29 107

+.85 0 186 107

0 -.85 107 16

0 +.85 107 198

Zero 0 0 0 0

Part 0 0 0 0
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Response Surface Designs

Many solutions have been proposed to the problem of finding the best combination of
treatment levels to determine the response to treatment over a range of interest. Most of
the central composite designs use extra replication at the mid-range combination of
treatment levels to obtain higher precision in this area.
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The best treatment designs provide the most precision with the lowest number of
treatments. Other considerations include the ability to graph the response over the range
of treatment levels, and the avoidance of bias.

Evaluation of Bivariate Treatment Arrangements to Determine Optimal Levels

Arrangement No. of Trt Graphic Analysis Bias Error Good Designs

5  Factorial 25 4 32

Central Comp 9 1 2

Myers Central 9 1 1

3  Rotated 9 1 42

5  Partial 13 3 32

Escobar 5 13 3 1 x2

7  Partial 17 3 22

3  Factorial 9 3 42

Thompson 12 1 1

Berardo 9 1 2

Augmented 2 9 2 1 x2

Box Berardo 1 13 2 2 x

Box Berardo 2 13 2 1 x

Box Berardo 3 13 3 1 x

San Cristobal 7 1 4
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