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Introduction to Plant Science 
Research and Experimentation

Plant Science Research

Plant science research is an organized investigation using the scientific method to increase 
our knowledge regarding some aspect of plant biology. It requires the collection, analysis 
and interpretation of data, which are obtained from one of three sources: observational 
studies, sample surveys and comparative experiments.

Sources of Data

Observational studies

In observational studies, large amounts of data are collected and the analysis is usually 
difficult. Results can often be interpreted in many different ways, resulting in controversy. 
There is no real control as to what is going on with the experimental units, but rather, one 
simply observes them. For example, the experimental units might be peach trees in an 
orchard and the researcher might simply observe the state of each tree (living or dead), 
trunk circumference, canopy height and width, etc. No treatments are applied and vari-
ability among the trees due to location in the field is not considered in the analysis.

Sample surveys

With sample surveys, individuals from a population are randomly selected in order to 
make an inference about characteristics of the general population. Systematic sampling 
techniques have been developed which lead to much easier analysis and interpretation 
compared with observational studies.

Comparative experiments

In comparative experiments, the researcher imparts some ‘treatment’ on the experimental 
units and measures a response or lack thereof to the treatment. Observed variability 
among the experimental units prior to treatment application is accounted for by using 
statistical techniques such as blocking or covariance analysis. Blocking accounts for vari-
ation due to gradients in the environment such as temperature, moisture or soil type. 
Differences in some characteristic of the experimental units such as height, trunk circum-
ference, or vigor can also be used as criteria for blocking. An analysis of covariance can 
be used to account for any observed pre-treatment variability. The analysis of covariance 
is covered in Chapter 17.
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In comparative experiments randomization is crucial in order to prevent bias. 
Randomization ensures that each experimental unit has an equally likely chance of receiv-
ing any particular treatment as any other experimental unit. Replication is also necessary 
in order to estimate variation, a key component of statistical hypothesis testing.

Steps in the Research Process

Finding ideas for research

Research requires an orderly investigation using the scientific method. Ideas for research 
are generated from problems seen ‘in the field’, and investigations may address applied 
and/or basic aspects of the problem. Problems in the field are often solved with applied 
research. The solution often leads to research into the basic mechanisms of how the 
applied solution worked. There may also be interest in a particular problem for academic 
reasons (knowledge for knowledge’s sake).

In either case, the problem must be clearly and concisely defined. A broad general 
question prevents a focused evaluation of the problem at hand and often leads to general 
rather than specific conclusions. A carefully defined objective often leads to a specific 
conclusion and a focused answer to the problem. In order to carefully define the problem, 
a thorough literature review of the current knowledge regarding the problem must be 
conducted. There is no need to research a problem that has already been solved.

Determine a hypothesis and establish goals

Once these steps have been completed, a hypothesis must be formulated which clearly iden-
tifies the research objectives. The clear and concise definition of the problem along with 
clear research goals are the foundation of good research. There is no point in conducting an 
extensive research project and ending up with few answers because the problem was never 
clearly defined and the goals were never clearly identified. Once the hypothesis is established 
and the goals are clearly defined, appropriate experiments can be constructed.

Key elements of experimentation

Planning

There are a number of key elements to good experimentation. The most important com-
ponent of research is planning. The time spent reviewing the literature and thinking about 
the problem is time well spent. With good planning, maximum information will be 
obtained and problems often encountered in experimental implementation and data 
analysis are avoided.

Treatment selection

Appropriate treatments that will answer specific questions established by the hypothesis 
must be selected. Suppose a fertility experiment designed to optimize tree growth was 
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needed and current knowledge indicates that the general recommendation for nitrogen 
(N) is from 5 to 20 kg of actual N per tree per year. Does it make sense for the treatments 
to be 0, 50, and 150 kg of N per tree per year? Probably not. Zero N is not a good choice, 
since all plants need some N, and 50 or 150 kg N are way above the current recommenda-
tions. Perhaps 15, 20, 25 and 30 kg might be wiser choices. It all depends on what other 
researchers have evaluated and what makes sense economically and from a grower’s 
viewpoint. The selection of treatments is often guided by what is discovered in the review 
phase of planning. It is best to keep experiments as simple as possible with a reasonable 
number of treatments.

Determining the number of replications

Replication will be covered in more detail in Chapter 3. For now, a replication is an exact 
duplication of a treatment on more than one experimental unit. The amount of replication 
is often governed by monetary and time resources. An experiment should: (1) detect dif-
ferences on the order of magnitude desired (for example, kg or g?); and (2) provide con-
fidence in the results. A general rule of thumb for the number of replicates used in plant 
science research is somewhere between five and 15, even though there are many examples 
of experiments which utilized fewer or more replicates.

Identification of experimental units

An experimental unit is that entity to which a treatment is applied. A treatment can also 
be some inherent property of the experimental unit, such as cultivar. In the plant sciences, 
the experimental unit is usually either a single plant or a group of plants called a plot. 
When working with perennial crops, especially trees, the experimental unit may be a sin-
gle branch. In any case one must be able to clearly identify the experimental unit.

Determining the experimental design

The selection of an appropriate experimental design is just as important as treatment 
selection. An appropriate experimental design holds treatments efficiently and minimizes 
variability. This topic will be covered extensively throughout this book.

Experiment implementation

Once planned, an experiment must be implemented. This is the careful integration of the 
treatments with the design. Careful observation and collection of pertinent data must also 
be performed. If it is unclear as to whether or not particular data are needed, even after 
careful thought, they should be recorded anyway. Data can never be retrieved from a 
terminated experiment.

Be aware of systematic errors, especially in applying treatments or taking data. There 
must be no bias in treatment application or data collection, whether conscious or uncon-
scious. For example, suppose in an experiment 30 plant apices were observed to count the 
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number of cells in the outer layer of the meristem and the experiment was repeated over 
14 days. There are six treatments and five apices per treatment; samples 1 to 5 are treat-
ment 1, 6 to 10 are treatment 2, etc. The treatment cell counts might be inadvertently 
biased if samples are systematically evaluated from samples 1 to 30 each day. Early in the 
day counting may be performed meticulously and counts would be very precise. Later in 
the day the person counting cells is likely tired and may count too quickly, so cell counts 
might not be very reliable.

The solution could be to impose a design on the counting process and each day ran-
domly assign each sample a number from 1 to 30 and count in that order. This would be 
a completely random design. Time of day could be considered and blocked off such that 
one sample from each treatment would be counted during each block of time during the 
day. This would be a randomized complete block design. Similarly, if there is concern that 
over the 14 days there may be a day effect, one could consider the days as a main plot 
and the time of the day as a sub-plot. This would be a split-plot design. Designs will be 
covered in Chapters 6 and 12–14.

Experiments should be repeated over time and space if possible.

Data analysis and interpretation

The thorough and appropriate analysis of data based on the hypothesis, treatment struc-
ture and experimental design is crucial to the scientific process. A step-by-step analysis 
ensures that key components of the analysis are not skipped. The analysis must be appro-
priate for the type of data collected, the goals of the work, and the experimental design 
that ‘holds’ the treatments. Both of these components will be addressed at length in the 
chapters which follow.

Interpretation of the results is also important and statistical significance versus practical 
significance must be examined. For example, a difference in yield of a peach tree of 1 kg per 
tree may be statistically significant, but may be of little practical significance. Consider that 
1 kg is the equivalent of four or five peaches and a mature peach tree may produce 500 to 
1000 fruits. One of the responsibilities of the researcher is to determine which statistical dif-
ferences have practical significance and to discuss them when interpreting results.

Condensation and presentation of results

One of the final steps in research is to condense and present the results in an enlightening 
and meaningful manner. This includes deciding whether tables, graphs or charts are 
appropriate and what key components should be included in each of these options. In 
addition, the work will likely be written as an article or report for publication, thus the 
researcher must know the specific requirements for publication in different outlets. These 
topics will be covered in Chapter 21.

Re-evaluating the problem and future work

Finally, work should be evaluated to determine if further experimentation is needed to 
clarify any issues that may have not been addressed with the present research. In addition, 
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experiments often produce results which lead to questions, thus the process begins all 
over. It is always good to think of research as a cycle.

Special problems and characteristics of plant science research

There are a number of factors that are somewhat unique to plant science research. Plants 
are annuals, biennials or perennials and their life cycle and stage of development are often 
important in an experiment. Plant science research may be conducted in the field, a green-
house, high or low tunnels, growth chambers or a lab. Each location has unique charac-
teristics which should be considered when planning, implementing and analyzing 
experiments. In addition, experiments are often performed over a long time and subjected 
to many environmental and biotic stresses. These stresses often lead to plant injury or 
death, which leads to missing data. All of these factors will be considered in later 
chapters.

Goals of this book

The purpose of this book is to provide researchers with appropriate tools for implement-
ing, managing and analyzing their experiments. This is accomplished by teaching SAS® 
and illustrating why specific procedures fit specific research situations. SAS® is available 
on different platforms and this text will use SAS® OnDemand for Academics. Setup and 
use of SAS® OnDemand for Academics will be covered in the next chapter.

Basic statistics will be reviewed, thus previous statistical training, while helpful, is not 
a prerequisite for using this book. The analysis of variance (ANOVA) and experimental 
design principles for field research will be covered as well as many experimental designs, 
including completely random, randomized complete block, Latin square, split-plot, and 
split-split plot. The estimation of treatment effects using contrasts, regression (with diag-
nostics) and mean separation techniques will provide powerful tools for the researcher.

Other topics include: analyzing a series of experiments conducted over seasons, years 
and locations; what to do when data doesn’t behave ‘normally’; the analysis of covari-
ance; non-parametric techniques; sampling; and presentation of results.
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