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INSTALLING EXPERIMENTS

Steps in an experiment:
- select treatment design
- select experimental design depending on conditions in the field or experimental

area, i.e. CRD, RCBD, Latin Square, split plot, etc.
- install experiment

Factors in installing plant experiments

1. Plot size depends on the following factors:

a. Treatments:
Irrigation treatments need large plots to minimize water movement to

adjacent plots and also for water application, i.e. sprinkler application.
Fertilizer treatments need medium sized plots.
Variety trials can generally use small plots, often one row plots if varieties

have similar growth habits.
With insecticide and herbicide treatments, plot size depends on the range of

the sprayer and the control of drift.

b. Nature of soil variability:
If soil variability is random use large plots.
If the soil has a gradient, use a rectangular plot with the long axis in the

direction of the greatest variation.
If the soil variation is not known, use a square plot.

c. Scarcity of seed: Often the number of seeds is limited in variety trials so
there is only enough for 1 row plot without replication. Border effects can be
minimized by grouping varieties of similar growth characteristics.

d. Crop to be grown: The main factor affecting plot size is the minimum size of
the harvested area needed for reliable yield results.

Lettuce - 10 plants or about 2 m2

Rice - 5 m2

Taro, upland - 25 plants or about 7.5 m2

Corn - 10 m2

Wheat and small grains - 10 m2

Sugarcane, 2 year - 54 m2

Tree crops - 1 tree plot

There must be enough extra area to allow for measurements and sampling
during the crop to avoid walking in the harvest area.

e. When small plots are used, very good experimental technique must be used
to increase accuracy because small errors are magnified when yields
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converted to a per ha basis. If the harvested area is 10 m , yields will be2

multiplied by 1000 to convert them to a ha basis, therefore errors will also be
multiplied by 1000.

2. Selection of the experimental design depends on the following factors:

a. Soil variability and environmental heterogeneity that must be controlled.
b. Type and number of treatments
c. Degree of precision desired

The essential properties of a good design are replication, randomization and error
control. One should consult a statistician before the experiment is installed.

3. The number of replicates depends on:

a. Magnitude of the experimental error and the degree of precision desired.
b. Available resources and facilities.

4. Control of border effects:

a. In fertilizer experiments plots must have at least one (preferably 2) border
row(s) on each side of the harvest area and a 0.5 to 1 m border on each end
of the plot to prevent border effects from the adjacent treatments.

b. In fertilizer experiments there is movement of fertilizer during tillage and
mixing operations in repeated plantings of the same experiment. In rice, if N
is applied before transplanting, there is considerable movement of N during
the transplanting operation because N moves with the mud on the planters’
feet.

c. In variety experiments there is competition between varieties in differences
in height, number of tillers, vigor, etc. which may reach into the third row if
adjacent plants lodge.

d. The use of unplanted alleys between plots to control competition between
treatments is a source of border effects that can extend into two rows for
rice. Yields of border rows can be 100% higher than of middle rows. Border
rows have less competition for light, moisture and nutrients. It is best to plant
a few rows of a uniform variety around the perimeter of the experiment to
minimize border effects. Do not measure agronomic characters from border
rows.
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Effect of unplanted space on yield: Grain yields of rows of IR8 bordering unplanted borders
of different widths, under 2 fertilization treatments. IRRI 1969, dry season. (Gomez and
Gomez)

Width of unplanted
space, cm

0 kg N/ha 120 kg N/ha

Row 1 Row 2 Center rows Row 1 Row 2 Center rowsa

40 6.01* 4.08 4.12 9.69** 6.31 6.88

60 6.91** 4.35 4.28 11.53** 5.81 6.20

100 9.12** 4.39 4.38 13.35** 6.24* 7.09

 Row 1 refers to outermost row and row 2 refers to second outermost row.a

5. Numbering plots:

Number plots so can collect all data in the field without referring to the treatment for
each plot. Systematic numbering makes it easy to keep track of your position in the
block and which plot you are in. This will avoid confusion and errors, e.g. a mistake
reading the map or the label on the stake.

Option 1. Number each plot in each block from 1 to the highest number 

Numbering plots in an experiment:

Block I Block II

1 2 3 4 1 2 3 4

5 6 7 8 5 6 7 8

Serpentine Numbering:

Block I Block II

1 2 3 4 1 2 3 4

8 7 6 5 8 7 6 5
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Option 2. Number plots from 1 to the highest number of plot in the whole
experiment. This avoids referring to the replicate.

Consecutive numbering:

Block I Block II

1 2 3 4 9 10 11 12

5 6 7 8 13 14 15 16

Data are recorded in the field by replicate and plot number and then converted to
treatments in the office or lab under less stressful conditions and hopefully with
fewer errors.

6. Labeling

a. Placement of the label (usually written on a stake) for a plot should be
consistent. One technique is to always place the label on the corner of the
plot which receives irrigation first (assuming it is irrigated). If it is not irrigated,
then the label is placed on the first corner on the side on which the
experimental area is usually entered. This generally on the left corner in the
US, unless there is a logical reason to place the stake elsewhere. To be
certain there is no confusion an arrow can be drawn on the stake pointing to
the plot.

b. Type of labeling depends on the location of the experiment and number of
visitors.

If the experiment is only for research than a symbol or treatment number is
adequate.

For an experiment in an accessible area used for demonstrations to farmers
or other visitors, describe treatments so others can understand them, i.e.
100N 250P rather than Trt 2.

The most accessible replicate can have the treatments arranged
systematically so the responses can be readily seen. Treatments in the other
replicates must be properly randomized.

7. Applying treatments:

a. For fertility experiments, place bags of fertilizer for each plot on the plot and
then check each plot to be sure that the proper fertilizer is on each plot
before any fertilizer is spread.
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b. With varieties, check the seeds for each plot before they are planted.

c. Avoid distractions. It is very easy to forget whether or not you have added an
ingredient or whether or not you have checked it off after you added it.

8. Planting:

a. Plant seeds at the proper depth and spacing. Some measures may have to
be taken to prevent damage by birds or rodents before and after
germination. Large doves (barred doves here), quail and pheasants pull up
the young corn plants to eat the seed or eat the cotyledons of beans. Wire
Vs can be placed over the rows until plants get big enough so birds will not
bother them. If there are quail or franklins, the ends of the wire must be
closed, otherwise they will still go in. A fine meshed material can be placed
over the planted area to protect it from the birds until the plants are large
enough. Care must be taken in removing it so that plants are not damaged.

b. Usually some seeds will not germinate or some plants will not emerge
properly. This should be checked within the first week to ten days and
wherever there are missing plants, new seeds should be planted. The
resulting plants will always be behind the rest of the crop and with maize,
they will tassel later and thus not have good seed set. The main purpose of
replanting is to provide competition for the adjacent plants. The replanted
plants should be identified in some way, a stake or ribbon, and not included
with the harvested plants.

c. If the missing plants are not replanted or no plant emerges in the space to
provide competition, then the plants adjacent to the missing plant in the row
should be discarded at harvest because they have had the advantage of the
additional light, water and nutrients. Depending on the spacing, plants in
adjacent rows may also be discarded. In case two or more consecutive
plants are missing, plants on each side of the missing plants in the same row
and also in the adjacent rows should be discarded at harvest because of the
additional space they had. The final yield is expressed on a per ha or per
acre basis assuming a complete stand of the crop, by adjusting for the
proportion of missing and discarded plants.

d. Adjustment: Full stand = 40 plants, 35 plants harvested with a weight of 10
kg. Adjusted yield: 10/35 = x/40, so x = 11.4 kg
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With one missing plant in a row:
B H H H B
o o o o o
o o (o) o o
o o x o o
o o (o) o o
o o o o o
o o o o o

With two missing plants in a row:
o o o o o
o o (o) o o
o (o) x (o) o
o (o) x (o) o
o o (o) o o
o o o o o

o = plant
x = missing plant
(o) = discarded plant

9. Variety experiments to identify the best adapted and highest yielding variety:

a. Test in as many different environments as possible to assess adaptability.
Monitor and record effects of factors such as climate, fertility, diseased,
insects, etc.

b. In early stages of variety testing there is sometimes a shortage of planting
material so that only relatively small populations of varieties can be grown.
Often only one row of each variety is planted in each replicate. Care must be
taken to control conditions so that reliable results can be obtained.

c. Usually with variety tests, there is uniform or no fertilizer applied. Therefore,
border rows are less necessary than in fertility or irrigation experiments. Can
have border effects due to height differences (short variety shaded by tall
variety) or tillering characteristics of varieties. Can use split plot with tall and
short varieties in the main plot.

d. Generally, new varieties are compared with one or more established
varieties. These established varieties should be included in each replicate
and randomized along with the test varieties. Adequate replication is very
important so that a measure of variance is obtained. Variety tests are often
conducted as a randomized complete block design. There are other more
complex designs, such as the Lattice design which is well suited for variety
experiments.

e. Use appropriate conditions. Conditions under which varieties are grown have
a marked effect on the characteristics of the varieties selected. If the variety
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testing areas are maintained at high fertility, varieties that do well under high
fertility will be selected. If these varieties are subsequently grown under low
fertility, their performance could be very different and undesirable.

Installing Animal Experiments

1. Feeds

a. For rations for animals, check the ingredients before they are combined,
either weigh them out separately in bags or containers and, after checking,
combine them, or set up a system of preparing the rations that has a series
of checks to catch errors, such as checking off each ingredient for each
treatment as it is added.

b. For short term experiments, mix enough ration for the entire experiment so
there will be no differences in composition. For a long term experiment
several batches may be needed to avoid spoilage of stored feed.

c. Key ingredients should be analyzed before formulating the ration. Each batch
of feed should be sampled and analyzed before feeding.

2. Adaptation period

a. When animals are given a new food, they must be allowed to adapt to it for
about 2 weeks before data are collected.

b. If the animal is used as a block and receives all treatments consecutively,
there should be a 3 week period between treatments for the animal to purge
the effects of the previous treatment from its body.

3. Lactating cattle

The lactation curve gradually increases and reaches a peak at 6 to 8 weeks, then
gradually declines with a uniform slope. If an experiment is started at the peak of
lactation, data can be collected during the uniform slope period.

4. Circadian/circannual patterns

Treatments should be applied and data should be collected at a fixed time of day
or in fixed relation to another event, such as feeding. Block by time period if each
animal receives repeated treatments. This creates a latin square with animals and
time as the column and row blocks.

5. Stress

Apply treatments and take measurements as unobtrusively as possible. Handle all
animals equally. Controls should receive vehicle injections or sham surgery.
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6. Response to humans

Use the same person throughout, record person as a covariate, or randomly rotate
people.

Effects of unpleasant handling of pigs/fear of humans (Hemsworth)

Sows Reduced pigs born/sow/year (22.5 vs 17.9)
Reduced farrowing rate
Reduced pregnancy rate in gilts

Boars Reduced testicle size
Increased age at coordinated mating

Pigs Increased corticosteroids
Reduced growth rate (down 6%)
Increased feed/gain

7. Social effects of other animals

Pig Progeny Tests - Analysis of Litters (Jonsson, 1995)

Source Penned Together Penned Separately

df MS df MS

Between Litters 651 3040 862 1941

Within Litters 1920 3046 2541 761

a. Confinement and crowding can affect animal performance. 

b. Allow adjustment period for experimental groups after mixing.

c. Keep group size uniform, for example, study stocking density by adjusting
pen size not animal numbers.

8. Institutional Animal Care and Use Committee

All animal use must obtain prior approval. Experimental design is described,
including:

a. Why alternatives to painful/distressful procedures cannot be used in the
study.

b. Why animals must be used as opposed to in vitro studies or other models.

c. Appropriateness of species selected.
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d. Justification for number of animals used, based on experimental design,
variability, power of analysis, and other statistical or mathematical
arguments.

9. Population represented

a. Special strains of mice and rats are bred for research. Uniform genetics
reduces variability. Some strains have gene insertions or deletions to study
specific effects. Can research on special strains be applied to other strains
or to wild-type animals?

b. Laboratory or research farm results may not be replicated on commercial
farms.

Installing Experiments - Entomology (from Diane Ullman)

1. Rearing insects and plants

a. Must be careful of confounding effects resulting from things that happen
during the rearing of the insects and/or plants for an experiment.

b. Insects can be affected by the conditions under which they were reared and
may perform differently. Strains of insects reared in the laboratory for many
generations sometimes do not behave as the wild insects and can cause
erroneous results.

c. Plants may become infested with another insect in the growing area - how
is this controlled? If an insecticide is used, it may affect the test insect, or it
may affect the plant.

d. The stage of development of the plant may affect the response of certain
insects that prefer younger or older tissues. Care must be taken that plants
are at the desired stage and consistent throughout the experiment.

e. If the number of insects or plants that can be produced at any one time is
limited, experiments may need to be replicated over time.

2. Plant pathogen studies

a. Must be sure of the viral status of the insects and plants before the
experiment is started - both should be virus free. A test such as ELISA is
used because samples may differ in the expression of symptoms.

b. Appropriate control treatments/samples must be used. Known virus free and
virus infected samples are needed. Plants and insects should be virus free
for most treatments, and virus infected for control. Insects are allowed to
feed on a virus infected plant, then transferred to plants known to be virus
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free. After a sufficient feeding period the effects of the virus are measured
on the test plants.

3. Field experiments with pesticides

To determine the economic threshold of population that justifies control, the right
coverage with the right material is needed. Calculations are important to add the proper
amount of active ingredient to the proper amount of water. Spray equipment must be
calibrated both for nozzle delivery at a particular pressure, and for the speed the operator
walks through the field.

4. Sampling

Sampling method must be appropriate for the type of insect. The appropriate part
of the plant must used. For insects that jump or fly off the plant when disturbed, vacuum
or nets can be used.

If sticky traps are used to assess movement of an insect into a field, placement is
important. Different insects fly at different heights. Preliminary tests can help determine the
most appropriate sampling scheme.

5. Insect movement in small plots

Because land area for experimentation is limited, plots are small and problems may
occur with insect which move around. A heavily infested control plat can become a source
of infection for nearby plots and cause misleading results. Where large areas are available,
use of 1 acre plots and sampling from the centers of the plots are recommended.


