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Using germination data, specifically total germination percentage, to determine sowing rates is necessary for effective
resource allocation in container nurseries. Traditionally, binomial probability tables and, more recently, microcomputer
programs are employed to determine sowing rates in container
nurseries. Existing computer programs may require several
iterations to deduce sowing rates, depending on test gemination percentage. When used with the binomial probability
function, the geometric probability function alleviates the need
to run multiple iterations of a program. We provide programming language for a spreadsheet program that combines these
two probability functions to determine sowing rates. Tree
Planters' Notes 48(1/2): 28-34; 1997.

Effective resource allocation in container nurseries
can be improved by using germination percentage to
determine sowing rates. Seed sowing and germinate
thinning, both intrinsically linked to sowing strategy, are
primary candidate areas for cost reduction in container
nurseries (Wenny 1993). Germination percentage is a
mathematical probability (Lipschultz 1968; Schwartz
1993). Initially, seed sowing guides were based on interpretations of binomial probability tables (Tinus and Mc
Donald 1979). By using the factorial expansion of the
binomial distribution, growers can refine their calculations using scientific calculators (Schwartz 1993). The
advent of personal computers and user-friendly spreadsheet programs further simplified the use of the binomial distribution for seed sowing calculations (Wenny
1993). All these methods, when used appropriately, can
improve several aspects of container production, including reducing material, labor, and greenhouse costs.
However, using approaches based on the binomial
distribution function requires nursery managers to ask
the question, "If X number of seeds are sown per cell,
how many cells will have X number of germinates; X-1
germinates; X-2 germinates; and so on?" Depending
on germination percentage, nursery managers may have
to ask the question several times to achieve a satisfactory distribution. Often, the nursery managers are con-

cerned with the question "How many seeds need to be
sown per cell to achieve X number of filled cells?" This
question can be answered by running several iterations
of the binomial distribution. The question can also be
answered with one iteration, using the geometric probability distribution. Geometric distribution is easily
adaptable to user-friendly commercial spreadsheet programs that are commonly available for personal computers.

Microcomputer Application
Instructions for using the program language for the
geometric probability distribution and the binomial
probability distribution in concert are listed in the
appendix (see page 33). Nursery managers can use this
program with any commercially available spreadsheet
that has natural logarithm, binomial distribution, and
exponential functions. This particular formulation was
developed for programs with @ FUNCTION capability.
It will be necessary to format your spreadsheet program
as follows:
Column A—Text format and column width of 50
characters
Column B—Fixed numeric format with 4 decimal places
Column C—Requires no special formatting
Columns D through P—Fixed numeric with 2 decimal
places and column width of 7 characters
Only 2 numeric entries are necessary to run this program. First, in cell B5, seedlot germination percentage is
entered as an integer. A nursery manager then enters the
allowable number of empty cells per 100 cells sown into
cell B9 as either an integer or a real number.

Examples of Model Applications
For our first example, let's start with a seedlot having
a tested germination percentage of 95% and an accept-
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able empty cell rate of 1.5%. The spreadsheet program
at the end of this paper provides a value for the number
of seeds necessary to sow to achieve this objective (1.4
seeds/cell; cell B13). Because sowing 1.4 seeds is
impractical, the program provides a floor value, the
nearest whole number below the value (in this case 1
seed/cell; cell B17) and a ceiling value, the next highest
whole number to the calculated value (in this case 2
seeds/cell; cell B15). On the right-hand side of the output the program generates binomial probability distributions for these 2 recommended values (figure 1).
In a second example, with a germination percentage
of 75% and an acceptable empty cell rate of 1.5%, the
spreadsheet recommends sowing 3.03 seeds/cell with
floor and ceiling sowing rates of 3 seeds/cell and 4
seeds/cell, respectively (figure 2).
In the last example, let's use a seedlot with a germination percentage of 60% and an acceptable empty cell
rate of 1.5%. The spreadsheet recommends sowing 4.58
seeds/cell with floor and ceiling sowing rates of 4
seeds/cell and 5 seeds/cell, respectively (figure 3).
These examples demonstrate microcomputer applications of the geometric probability distribution. Understanding why the geometric distribution works requires
a review of some probability distributions and their
inherent differences.

Technical Background on Probability
Distributions

Three discrete probability distribution functions are
useful in determining seed sowing rates. These are the
Bernoulli distribution function, the binomial distribution function, and the geometric distribution function.
The probability (P) of a seed from a tested seedlot germinating (success) equals the germination percentage
for that seedlot. Subtracting germination percentage,
expressed in decimal form, from 1 is the probability (q)
of non-germinating (failure). Planting a single seed with
these probabilities (p and q) assigned to the outcome is
an expression of the simplest probability distribution
function, the Bernoulli distribution, mathematically
expressed as (Dudewicz and Mishra 1988):

For nursery managers, the utility of this discrete probability distribution is limited because germination percentage is usually already known or assumed. However,

Figure 1—Spreadsheet outputs, example A: seedlot with 95% germination.

Figure 3 — Spreadsheet outputs, example C: seedlot with 60% germination.

this probability distribution provides the foundation for
2 discrete probability distributions—binomial and geometric—applicable to developing sowing strategies.
Planting 2 or more seeds from a seedlot (that is, possessing the same germination percentage) is a practical
demonstration of the binomial probability distribution.
The binomial probability distribution calculates the
probability of a specific number of germinations (successes) without regard to the order of those successes
(Dudewicz and Mishra 1988; Lipschultz 1968). The general form of the binomial probability distribution
(Dudewicz and Mishra 1988; Lipschultz 1968) is

The geometric probability distribution has the general form (Dudewicz and Mishra 1988):

EQUATION 2

Each probability includes 2 components: the binomial
coefficient and the Bernoulli probability raised to the
power of the trial (x). The binomial coefficient can be
derived using the following factorial expansion
(Schwartz 1993):

where: n = the number of independent trials (seeds)
a = binomial coefficient
X = germination probability
Y = 1 – germination probability
Another way to derive the binomial coefficient is to
use factorial notation. The general form for determining
the binomial coefficient (Dudewicz and Mishra 1988;
Lipschultz 1968) is
EQUATION 4

where: n = the number of independent trials (seeds)
x = the number of the ith trial (number of
germinates)

This probability distribution is useful because it computes the number of trials to achieve the first success. It
differs from the Bernoulli probability distribution by not
restricting the number of trials to one. However, if only
1 trial is performed, the geometric probability distribution is equivalent to the Bernoulli probability distribution. The geometric probability distribution differs from
the binomial probability distribution in two aspects: trials place failures before the first success and an infinite
number of trials can be run.
The geometric probability distribution can be algebraically rearranged to the following form (Dudewicz
and Mishra 1988; Mood and others 1974):
EQUATION 6

This form is useful when Px , the desired probability
of occurrence (percentage of empty cells), is known, and
X, the number of trials (number of seed to sow) necessary to achieve that probability, is unknown.
The geometric probability distribution can determine
the number of seeds to sow per cell to achieve a specific
cell occupancy. By itself, the geometric probability distribution provides no information on distribution frequency of multiple germinates per cell. Using the two
probability distributions in concert can reduce the number of iterations required when using the binomial probability distribution alone, and provide the distribution

of germination frequencies lacking in the geometric
probability distribution.
Recommendations

The most limiting feature of production varies
between container nurseries, and within nurseries based
on crops and cropping schedules. Sometimes, growing
space is more valuable than the labor associated with
thinning. Sometimes, the converse is true. For example,
at New Mexico State University's Mora Nursery, growing space is at a premium during spring and early summer months. At these times, greater emphasis is placed
on sowing multiple seeds per cell (that is, using ceiling
values) and lowering the acceptable empty cell rate.
Later in summer, when a second crop is being sown,
sufficient space is usually available to over-sow the total
number of cells and sow using the floor sowing rate.
Using geometric and binomial probability distributions
in concert provides a tool for nursery managers to evaluate different options for producing their crops.
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