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Abstract] The statistical characteristics of three year old American ginseng (Panax quinguefolium L.)
root yields from Lytton, British Columbia, Canada are presented. Ginseng root yield is related to plant
dersity, with the highest yields generally obtained from the sites with the highest plant densities.
However, these higher yields are made up of a larger proportion of smaller roots while the proportion of
larger roots remains almost constant throughout the range of plant densities sampled. Further, it is sug-
gested that relatively small samples can provide significant insight into crop performance and growth.
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Introduction

Production of American ginseng now occurs in
regions outside the native range of the plant in
North America.” The knowledge of ginseng pro-
duction in these areas is limited. An understanding
of the statistical characteristics of ginseng root
growth may provide insight into the growing envi-
ronments and resulting production.

The purpose of this paper is to report on the
growth and vield characteristics of three year old
American ginseng roots. Attention will be given to
the frequency distributions of roots grown at high
plant densities, the relationship between plant den-
sities and yield, and the relationship between dry
and fresh root weights. In addition, an examination
of optimum sample size will be considred.

Methods

Data and study sample sites

Data was collected on a large commercial gin-
seng farm located near Lytton, British Columbia,
Canada (50°17'N, 121°34'W). The ginseng was
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planted in the fall of 1982 and the roots sampled at
the termination of their third growing season (Sep-
tember 19 and 20, 1985). Modern North American
production techniques were utilized in the cul-
tivation.

The size of the garden under investigation is 135
m by 155 m with the beds varying in width from
1.25-1.35 m and running the length of the garden in
a north-south direction. The garden beds were
covered with 50 to 100 mm of loose straw mulch
and shade was provided by a black polypropylene
shade canopy suspended 2 m above the ground.”
The garden was sown at a density of 134 kg of seed
per hectare with seed obtained from different sour-
ces. This resulted in the high planting density that
is customary in North American production.

The data was obtained by sampling ten random-
ly selected sites in the garden. Each site was 0.5 m
of bed length and all roots were removed by hand.
The roots were immediately washed free of soil and
weighed (to the nearest 0.1g) to obtain fresh root
weights. For two of the sample sites, the roots were
then dried at 70 °C for 72 h and re-weighed to obtain
the dry root weights.
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Results and Discussion

Distribution of ginseng root fresh weights

Frequency histograms for the population and in-
dividual sample site data show that the distribution
of ginseng root fresh weights are all positively
skewed (Fig. 1 and 2). These positively skewed dis-
tributions are indicative of normal growth patterns
of plants grown in high density populations.¥

Due to the positive skewness, it is necessary to
normalize the distribution of root fresh weight data
using a log (1 +x) transformation.” A constant of 1
is added to the root fresh weight as several roots did
not have a measurable weight at the 0.1 g level. Fre-
quency histograms, using the long (1 +x) transfor-
mation, produce near normal distributions for both
the population and individual sample site data (Fig.
1 and 2). The skewness before and after the trans-
formation of the population data are 1.073 and
-0.453, and the kurtosis before and after the trans-
formation are 1.207 and -0.301 respectively.

Table 1 summarizes the sample site statistics
derived from the normalized data (mean root fresh
weight and standard deviation) as well as characte-
ristics about the individual site (number of plants
per site, plant density, site yield and yield).

Relationship between ginseng root weight and den-
sity of plants

It is apparent from Table 1 that mean fresh root
weight at each sample site is related to plant densi-
ty. There is in fact a strong negative correlation at
the 0.05 probability level using Spearman’s rank
correlation comparing the plant density and the
mean fresh root weight. Generally, the greater the
plant density, the smaller the mean root fresh
weight in this garden.

A simple linear regression of ginseng root yield
versus plant density is presented in Fig. 3. The best
fit line indicates that yield increases with increasing
plant densities. While the regression line suggests
that higher plant densities result in higher yields, an
r? of 0.345 implies that the relationship between
ginseng yield and plant density is not strong. Be-
cause of the low r? value, it cannot be determir
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Fig. 1. Frequency histogram of actual ginseng root fresh
weight data and transformed root fresh weight
data for the population.
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Fig. 2. Frequency histogram of actual ginseng root fresh
weight data and transformed root fresh weight
data for sample site 7.

with any degree of certainty whether the maximum
yield is attained. Maximum yield could be confir-
med with a subsequent experiment utilizing more
sample sites over a wider range of plant densities.
While plant density affects yield, density also af-
fects individual ginseng root weight at each sample
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Table 1. Summary of third year gingeng root fresh weight data from Lytton, British Columbia, Canada

Sample Number of Site yield Plant density Yield Mean root fresh Standard
site plants per site (2) (plants m~-2) (g m-2) weight* (g) deviation* (g)
1 114 890.2 168.9 1318.8 6.34 0.94
2 76 819.56 112.6 1214.1 7.777 1.34
3 123 721.8 182.2 1069.3 4.23 1.20
4 131 770.3 194.1 1141.2 4.56 1.00
5 131 889.1 194.1 1317.2 5.34 0.99
6 100 777.2 148.1 1151.4 6.33 0.91
7 142 1083.1 210.4 1604.6 5.77 1.10
8 156 1065.9 231.1 1579.1 5.35 0.95
9 153 1109.1 226.7 1643.1 5.86 0.90
10 110 1035.2 163.0 1533.6 7.47 0.98
Total 1236 - - - - -
Average 123.6 916.1 183.1 1357.2 5.70** 1.05**

* Values calculated from log(1 +x) normalized data.

**Values calculated from population log(1 +x) normalized data.
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Fig. 3. Sample site fresh root yield versus plant density.
The best fit line is given by y=0.003x+0.722,
r2=0.345, n=10.

site. To establish a plant density effect on individual
root weight, the roots were categorized into two
groups, roots weighing 15.0 g or greater and roots
weighing less than 15.0 g. The number of plants in
the two groups were then plotted against plant den-
sity (Fig. 4). This relationship clearly establishes
that plant density affects the distribution of root
weight. Roots which weigh less than 15.0 g show a
very strong linear relationship (r? = 0.955) with
plant density, while roots which weigh equal to or
more than 15.0 g indicate a weak negative correla-
tion with an r? of 0.044 between root weight and

plant density.

The effect of plant density with therefore in-
crease the yield up to a certain density. However, if
individual root size is of importance, the number of
larger roots will remain fairly constant while the
smaller roots tend to increase linearly with increas-
ing plant density.

When the roots weighing less than 15.0 g are
further categorized into groups with a 5.0 g inter-
val, further details are apparent (Fig. 4). The trend
line for the heavier roots, greater or equal to 10.0 g
but less than 15.0 g, show that there is a slight in-
crease in root numbers at higher plant densities.
The trend line (hand-fitted) for the other two cate-
gories are notably different. The number of smaller
roots, roots which weigh less than 5.0 g, appear to
increase exponentially with increasing plant den-
sities. The trend line for roots weighing greater or
equal to 5.0 g but less than 10.0 g increase in num-
ber up to a plant density of approximately 200
plants m? where it then begins to level off. It can be
generalized that the yields in higher plant densities
are made up of a similar number of large roots, but
more importantly, by a larger number of small
roots.

Konsler and Shelton® who studied the effects of
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there is a well defined density effect on overall yie-
1d. For three year old ginseng, Konsler and Shelton
report a fresh weight yield of 1.38 and 1.07 kg m~2
for plant densities of 258 and 86 plants m™2 respec-
tively. These results are consistent with the average
fresh root yield and average plant density of 1.36 kg
m~?and 183.1 plants m™ respectively for this site.

Characteristics of fresh weights at each sample site

The foregoing presentation has shown that the
mean fresh root weight at each sample site is
related to plant density. The mean fresh root
weights, which range from a high of 7.77 g at sam-
ple site 2 to a low of 4.23 g at sample site 3, are
given in Table 1. These sites which contain high or
low mean ginseng root values skew the population

fresh weight for sample sites 8 and 9. (A) The
site 8 best it line is y = 0.306x — 0.248, r2=0.970,
n=156. (B) The site 9 best fit line is y=0.294x -
0.092, r2=0.994, n=153.

data by weighting disproportionately the population
data with either high or low values. This would
give an erroneous estimator of the population stan-
dard deviation of root fresh weight, s(an unbiased
estimator of ¢), and also the mean population root
fresh weight, §¥(an unbiased estimator of ).

To determine whether any of the mean root
fresh weight at each sample. site is significantly dif-
ferent from one another, a fixed-effects one-way
Analysis of Variance was performed on the 10 sites.
The results are shown in Table 2. The one-way
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Table 3. Regression results of dry versus fresh ginseng
root weights for sites 8 and 9

Site N Intercept Slope r r2  F-value SE
8 156 -0.248 0.306 0.985 0.970 4859 0.271
9 1658 -0.092 0.294 0.997 0.994 23524 0.113

ANOVA reveals that the mean root fresh weight at
each sample site was highly significant, with an
F-ratio of 5.91, 9 degrees of freedom and p=
0.0001. This finding is not surprising as it has
already been established that plant density and
mean fresh root weight are related.

The relationship between dry and fresh ginseng
root weights

The relationship between fresh and dry ginseng
root weight is of vital importance to ginseng pro-
ducers since ginseng root is sold in the dried state. A
scatter plot of ranked root dry weight versus ranked
root fresh weight for sites 8 and 9 is shown in Fig. 5.
The best fit line is the ratio of average dry root
weight to average fresh root weight. The slope of
the best fit line gives an accurate estimate of the
weight of the dry root as a percentage of the fresh
root weight. A least-squares fit analysis of dry ver-
sus fresh ginseng root weight was performed for
sites 8 and 9. These results are shown in Table 3.

The significance of the beta values and the high
r? suggest that fresh ginseng root weight is a good
predictor of dry weight. Based on this analysis, one
can expect fresh roots to lose approximately 70% of
their weight in the drying process.

Optimum sample size

A common problem in any study involving sam-
pling from a large population is selecting a sample
size which can give meaningful resuits. One of the
problems in selecting the size of samples for gin-
seng is the lack of ginseng data, particularly statis-
tical data. The high commercial value of the gin-
seng root also compounds the problem of selecting
the number of samples taken since a large sample
would represent a significant monetary loss to the
producer. As a consequence, in this study, a sample
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size of 10 clusters out of an estimated 22,610 clus-
ters was used for the field sampling.

The experimental site under study (a commer-
cial planting) consists of 85 beds of ginseng, each
bed having an actual length of 133 m and a width of
about 1.25-1.35 m. Each sample size (cluster) is 0.5
m in length and approximately 1.30 m in width. The
total number of sample sites in this garden, the
population size, is calculated by dividing the total
area of the beds (14,696.5 m? by the sample area
(0.65 m?, and is estimated to be 22,610 sites.

The sample size selected should be large enough
to provide a certain level of sampling error or pre-
cision (standard error). If the sample size is too
large, then excess time and resources would have
been wasted in obtaining too high a precision. Like-
wise, if the sample size is too small, time and re-
sources is wasted because the specified level of pre-
cision had not been achieved.

The equation for selecting an optimal cluster
size for single-stage cluster sampling is given by
Scheaffer et al.?

n= N a’c— L

0.25NB*M* 7 o7 (1)
where n is the required sample size for an interval
estimate of population mean ., N is the number of
clusters in the population, ¢ ? is the population vari-
ance of the samples, B is the bound of error of esti-
mation, and M is the average cluster size of the popu-
lation. Since the population variance of the clusters
0% and the average cluster size of the population M
cannot be readily determined, they can be estimated
by the estimators, sf, the variance of the sampled
clusters and m, the average cluster size for the sam-
ple. The sample variance of the clusters s?is given by

I (y,~9m )7

2 =1

Se= n-1 (2)

where y; is the total of all observations in the ith clus-
ter, ¥ is the sample mean (Xy,/ Zm), and m, is the
number of elements in the ith cluster.

Normally,s? and M would have been estimated by
a prior survey or by a preliminary sample. The use of
the sample cluster variance and average cluster size in
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equation 1 will show whether our sample size of 10is
adequate to achieve a specified bound of error of
+ 5% of i1, the mean of the transformed data.

If the bound of error of estimation is set at +5%
of #, (#,=0.8261), B=0.0413, N=22610, s’=
61.47 and m = 123.6, the required cluster size is 9.43
or 10 clusters. Our sample size of 10 clusters is there-
fore large enough to provide an estimate of the popu-
lation mean with a bound of error of +5% of »,.

The optimum sample size is not determined by the
size of the population but rather by the variance of
the cluster totals. Even though it had been previously
determined that some of the clusters are significantly
different in terms of the cluster means, the variation
of the cluster totals was small enough to yield a sam-
ple size of 10 clusters (about 0.044% of the popula-
tion).

Conclusions

American ginseng grown at Lytton, British Col-
umbia have root fresh weight frequency distributions
which are positively skewed, a normal occurance in
density stressed plant populations. This data was
normalized for analysis by using a long (1 +x) trans-
formation.

Root fresh weight yields were found to be directly
related to the plant density. The yield of high and low
plant densities are made up of a similar number of
large roots. As plant density increases, a higher pro-
portion of the yield is made up of an increased num-
ber of smaller roots.

The dry root weight was found to be about 30%
of the fresh root weight for third year ginseng grown
at Lytton. The sample size of 10 at this site was suffi-
cient to give an estimate of the population mean with
a bound of error of +5%. This was only possible due

to the small differences in the variance of the clus-

ters.
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