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| nventory of plant material in forest nurseries by combining
an ocular estimate and sampling measurements

L. SMELKOVA
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ABSTRACT: Two procedures of the plant material inventories in forest nurseries, used until now, are evaluated: ocular
estimate and sampling. A new two-phase sampling procedure has been proposed on the basis of a suitable combination of
estimation and counting and/or measurement of seedlings and plants. The optimum size of the sampling unit (Iength of bed
segment) has been defined. The necessary number of bed segments on which the ocular estimation should be performed in the
first phase (n,), and subsequently a more exact assessment of the number of individuals and/or their other qualitative and
quantitative traits should be done in the second phase (n,), to achieve the required precision of results of + 2 to 10% with
reliability of 95%. A theoretical justification of the proposal as well as a detailed procedure of the accomplishment is pre-
sented. The frames have been specified where the proposed method is economically twice as beneficial as the classic sam-
pling method.
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PROBLEM

In forest nurseries in Slovakia and similarly in other
countries, where the nursery stock is cultivated inten-
sively, some ten million seedlings and plants of various
tree species are produced annually representing a great
material and financial value. It is therefore quite natural
that the subjects providing and controlling this produc-
tion are not only obliged to estimate both the quantity
and the quality of the cultivated nursery stock as objec-
tively as possible but also they are interested in this pro-
cess. Both these characteristics show a relatively high
variability depending on many factors, such as local con-
ditions of nurseries, quality of the seed used, cultivation
technique, kind and age of the cultivated nursery stock,
weather conditions, occurrence of noxious agents, etc.
Obviously, forest nurseries produce a great number of
seedlings and plants and therefore the whole-area inven-
tory of the nursery stock (e.g. counting, height measure-
ment, assessment of the health state of all individuals in
a nursery) would not be economically feasible. Due to
this fact, the two following methods can be considered:
qualified estimation or an appropriate sampling method.

The present paper gives an evaluation of the status
quo and practical application of the two above-mentioned
methods of the nursery stock inventory in Slovakia and
in the neighbouring countries and proposes a new meth-
od based on the combination of an ocular estimate and
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sampling procedure. Presented results were obtained from
the solution of VEGA1/7056/20 Research project.

EXPERIMENTAL MATERIAL

The experimental material comes from experimental
plots of the Draksiar forest nursery, forest office Benus.
They were established in such a way that would make it
possible to follow all the basic aspects of the nursery
stock inventory in more variants. The research material
includes 10 categories of seedlings and plants: spruce:
140, 2+0, 1+1, 142, 143, 2+/2, larch: 1+0, 2+0, beech: 1+0,
2+0. Seed beds from 100 to 300 m in length were chosen
for each category. A wooden frame with the inner dimen-
sions of 146 cm (= seed bed width) x 100 cm was made for
the proper estimation. The shorter side was divided into
four 25 cm-long segments by means of the wire. The frame
was continuously placed along the whole seed bed and
within each of the 25 cm-long segments, the numbers of
plants by counting and estimate as well as the mean plant
heights by measuring and estimate were determined. The
time needed for individual performances was recorded
(in min). This data base representing the basic set for each
investigated category of plant material was the basis to
create new data for the seed-bed segments of different
lengths (25, 50, 75, ... 175, 200 cm) and repeated sampling
of'a smaller amount of segments in different combinations
was performed. In this way, the investigation became
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more effective and objective because the difference be-
tween the sampling procedure and the ocular estimate
compared with the correct value could be unambiguously
determined for the whole seed bed even for more investi-
gated alternatives.

EVALUATION OF CURRENTLY USED
INVENTORY METHODS

OCULAR ESTIMATE

This is the oldest and currently the most frequently
used method (Guidelines of the Ministry of Forestry and
Water Management from 1975; KANTOR et al. 1975). At
several places of a forest nursery the number of individu-
als is estimated per running metre of the seed bed and the
result is calculated for the entire area (length) of the seed
bed. Other traits of the nursery stock are estimated simi-
larly, e.g. quality class, percentage of damage, etc. Such
ocular estimate is very fast and cheap but it can consider-
ably be loaded by the estimator’s subjective influence.
The magnitude of the estimation error is not known and it
has not been studied either in our country or abroad. The
first results concerning the accuracy of the ocular esti-
mate were obtained from the evaluation of our experimen-
tal material. It has been shown that even after a very
qualified estimation (for research purposes), the negative
systematic errors prevail and represent —2.55% in the case
of the number of plants and —1.55% as for the height of
plants. In current practice, they can be much greater. This
problem is dealt with in greater detail in the paper by
SMELKOVA (1998).

SAMPLING METHOD

It belongs to newer and more objective procedures
based on the principle of mathematical statistics. From
the results obtained from a small number of samples, the
conclusions can be drawn for the whole forest nursery.
A part of the seed bed, e.g. one metre of seed bed or an
area of 1 m?, is chosen as a sample or a sampling unit.
These are then evenly distributed over all seed beds. In
each of the units, the respective value of the determined
variable is found, e.g. y,, y,, ... y, (number of plants, mean
height of plants) and the sample arithmetic mean is calcu-
lated.
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It is then used to determine the number of plants Y, or
the mean height of plants Y of all the nursery stock of
a given category in a forest nursery according to the fol-
lowing relations:
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where N is number of all possible sampling units, i.e. the
entire length in running metres or area in m*of the respec-
tive inventoried seed beds. AY or AY is sampling error and
defines the range the real difference between the sample
result and the correct one does not exceed with 95%-prob-
ability. It is calculated according to the following formu-
las:

s _ s
AY =2—L [N and/or AY =2-L 4)
Jn Jn

where

is standard deviation of sample values y, (absolute vari-
ability rate) and » is number of all samples. In case that s,
in formula (4) is substituted by the coefficient of variation
sy% = (sy/ ) . 100, the relative error AY% or AY% is ob-
tained in percent.

Compared with ocular estimate, the described sampling
method is more professional and time-consuming; never-
theless, it has the advantage of being more representa-
tive (objective); furthermore, the confidence interval can
be added to the obtained result and if the required accura-
cy is given before, the range of sampling estimation can
be planned so that the total inventory will be carried out
with the minimum cost.

The sampling principles of the plant material inventory
were elaborated in detail in Germany (SCHUBERT, HOL-
LENDER 1986; SCHUBERT 1987). In the Czech Republic,
some original suggestions resulted in a standardized
methodical instruction for the application in practice (NO-
VOTNY 1965; PAV etal. 1990; PAV 1991). In Poland, SOB-
CZAK et al. (1992) contributed to the problem solution.
However, all currently used sampling procedures suffer
from some methodical drawbacks as they are based on
general data on the nursery stock variability and the sam-
pling estimation in a nursery is aimed at just one sampling
unit size — 1 running metre, 1 m? or even at a seed bed of
2 running metres (in Germany).

The experience from our experiments enables to apply
a much more varied approach to planning and carrying
out the sampling inventory with regard to particular con-
ditions in a forest nursery. It has been shown that instead
ofthe sampling unit (1 running metre, 1 m?) recommended
until now, it is much more advantageous to use a smaller
sampling unit —a seed bed block d =25 cm; for seedlings
with a high density of individuals only one half or one
quarter of that block. Such a unit seems to be optimal from
the point of view of accuracy and economy of estimation.
This is also proved by the data in Table 1.

Determination of the number of spruce plants and larch
seedlings with the required accuracy £% =+ 5% and reli-
ability P = 95% is carried out on the chosen short units
d =25 cm in length with a higher number of sampling
units on the one hand, but considerably lower total costs
than it is with 100 cm-long sampling units on the other

157



Table 1. The effect of bed segment of different length (a= 25 cm,

b =100 cm) on primary parameters of sampling determination of

the number of plants and seedlings with requested precision E = + 5%

Plant Number of Variation Required Time
material individuals coefficient sample size cost Indexesabfor:
y s,% n T
a b a b a b a b y s,% n T
Spgfz(t:se 3 %8 17 12 46 24 30 58 025 142 191 052
Seedl arch"{'fi 117 524 36 4 207 185 500 2198 022 106 112 027

hand. Corresponding rates of relative variability were de-
rived for sampling units defined in this way — coefficients
of variation s % of the number and mean heights of plants
and seedlings. It has been found that the s,% values range
within a considerably great interval from 10% to 45% and
they can be relatively easily determined before the esti-
mation beginning for every forest nursery and category
of plant material by means of the ocular judgement of the
density and height variability of the individuals on the
seed bed area. In general, the coefficient of variation of
plant number is lower (15-20%) than that of seedlings
(30—40%) and the variability of mean heights between the
seed bed blocks is approximately 1/3 of the variability of
the number of individuals. The range of the sampling es-
timation depends on the variability of plant material. This
is the reason why Table 2 gives numbers of seed bed
blocks 7 (with a length of =25 cm) to the expected mean
values s %. The seed bed blocks must be chosen so that
the sampling result with the error not exceeding the con-
fidence limit of £% = 95% will be reached. The obtained
knowledge is recorded in greater detail and verified in
practical applications in the papers by SMELKOVA (1996,
1997).

PROPOSAL OF A NEW METHOD BASED
ON THE COMBINATION OF OCULAR ESTIMATE
AND CONTROL MEASUREMENT

BASIC PRINCIPLE OF THE METHOD

This method is based on a new principle of the two-
phase sample survey recently applied more frequently
with great advantages in forestry, e.g. in forest inventory,
terrestrial surveying and where a complicated variable can
be determined by another one that is determined more
easily and is in close correlation to the resulting variable.
The theory of the method was described by DE VRIES
(1986) and SHIVER and BORDERS (1996) and for the appli-
cation in forestry it was elaborated in several variants by
SMELKO (1990).

Its application to nursery stock makes it possible to
simplify and economize the preceding sample survey. The
whole procedure can be divided into two phases. In the
first phase, the estimated variable — number of plants or
their mean height — is determined on n, seed bed blocks
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Table 2. Required samplesize (n) for different accuracy of plant
and seedling number and the average height estimates at
areliability of 95% and expected variation coefficient (sy%) of
the inventoried plant material

<% n for E%

y + 2% + 5% + 10% + 15%

5 27 10 - -
10 100 18 10 -
15 225 37 12 -
20 400 64 18 10
25 625 100 27 14
30 900 138 37 18
35 1,225 188 49 24
40 1,600 246 64 30

by the ocular estimation from which », approximate (esti-
mated) values y  are obtained. In the second phase,
a smaller part of n, seed bed blocks is chosen from the 7,
seed bed blocks and the respective variable is determined
out of them in a more precise way — by counting or measur-
ing. For these n, blocks, the matched pairs of the plant
number or their mean heights (x, — estimated and x,, —
counted or measured) are obtained. These are then used
for correction (precision) of all the n, estimated values y .

The correction can be carried out in several ways. The-
oretically, most appropriate would be the regression esti-
mate by means of which the regression equation x,, = f{x )
is calculated from the n, data of x_and x, and after substi-
tution of y, for x, the more precise value Y, is derived.
However, the calculations are relatively complicated. The
ratio estimate would be easier where the precision is
reached by means of the ratio

R= Z X so that 7, =R -y . There are two
Z XO kor o

basic conditions, i.e. the dependence x,, and x, must pass
through the beginning of coordinates and the variability
x,,should grow proportionally with the increasing values
x_ which our experiments did not however confirm unam-
biguously. Therefore, so-called “list sampling” is recom-
mended for our needs. Although it expects the
approximate estimation of the value y on all population
units (i.e. on all nursery seed bed blocks with a length of
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d = 25 cm) and sampling n, with unequal probabilities,
which is difficult to apply reasonably in the inventory of
nursery stock, however if modified, it gives nearly the
same results as the regression estimation and is much
more advantageous for practical application. For the eval-
uation of the datay x ,x the following steps are required.

— For each pair riz of the values x , x,, the quotients g,
are calculated

_ o 5)
i
Xoi)
and their basic statistical characteristics (mean value g,

standard deviation s, and coefficient of variation sq%):

S
$,% = —-100 (6)
q

— The estimated n, values y_ are corrected according to
the relation

ny
Yo

Vkor = yO m yO = I:T (7)
1

— The sampling error of the corrected value }_’kor (for the
reliability of 95%) is determined in percent and in abso-
lute value

2q, 2q,
So % S, %

nl n2
AY,, =V, e (8)
© © 100

where s % is the coefficient of variation calculated from n,
estimated values of y, pe The other symbols are already
known. The first expression under the root represents the
error due to ocular estimation, the second gives the error
resulting from a mutual relation between the estimated and
precisely determined data x and x,,. The total error AY,
defines the limits which the real difference of the corrected
value as against to the correct unknown (however existing)

value Y does not exceed with probability of 95%.

— The interval is derived within which the real total num-
ber of the given category of seedlings and plants Y or
their real mean height Yis to be expected with probabil-
ity of 95%.

Y=

kor

OV, ) V=Y, AV, ©)

NECESSARY INPUT DATA AND
THE METHODS OF THEIR ACQUISITION

It follows from the above mentioned that before the
proposed procedure is used, it is necessary to decide on
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the number of seed bed blocks n, and n, on which the
respective variables y , x , x, are to be estimated. This
question can be answered by deriving n, and n, from
equation (8a) for the modulus of precision AY, % of the
whole survey given in advance. However, it presupposes
to roughly know the expected variability of ocular esti-
mates of the variable s % as well as the variability of the
quotient ¢ (sq%). Both these characteristics depend on
the quality of ocular estimates. Good-quality estimates
are considered those that are more stable, less variable in
spite of the fact that they have a systematic deviation (at
each estimation by —5%). It is only important for them to
have a low variability approaching their mean value (y,)
and to show the closest possible correlation with the
measured values. Then the low coefficient of variation
5% will be obtained. A systematic deviation of the esti-
mations from the correct value is less dangerous because
using the proposed method, it can easily be eliminated by
correcting the estimation by means of the mean value of
the quotient ¢ (according to equation [7.]). Of course, the
range of sample survey of n, and n, is determined by the
expenditure on estimations and measurements to be car-
ried out.

— All the given input variables were derived from our
experimental material, the result of which were the fol-
lowing general findings (Table 3, Fig. 1):

— Coefficient of variation for the estimations s, % in all
examined categories of nursery stock coincides well in
both the number of individuals and the mean heights
with the coefficient of variation for the measured data
S, 70 and in many cases, it is even lower.

— Coefficient of variation s % expressing the variability of
the ratio of measured and estimated values ranges from
10 to 3% and it is always lower than that of the measured
values. It represents only 1/2 or 1/3 of their value.

— Correlation coefficient of the linear correlation between
measured and estimated values r,, is surprisingly
high (0.85), proving a very close correlation ap-
proaching the ideal functional relation when
r=1.00.

— Working time (7) needed for counting plants and seed-
lings including the measurement of their mean heights
very much depends on the number of individuals ()
on a seed bed block. It increases simultaneously with
the time consumption in a curvilinear way according to
the following equation:

T=0.0311. 0% (10)

where the correlation index of this dependence reach-
es the value 1,,=0.955. The time needed for estimating
the plant number is on average 5 times shorter and
that for estimating the seedling number approximately
10 times shorter. From the above given time con-
sumption, a substantial part (about 80 or 90%) is
devoted to determination of the number of indivi-
duals; measurement and height estimation is less time
consuming because it is aimed at finding the average
individual rather than all individuals in the seed bed
block.
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Table 3. Characteristics of the relation between the estimated and measured indications for the number and average height of plants

and seedlings on bed segments d = 25 cmin length

0, 0
Size n G o so% S0 Sym 70 o
Estimate Sizing
Number of plants 40 1.024 101 193 19.0 0.828
Height of plants 40 1.014 5.2 8.2 9.0 0.785
Number of seedlings 60 1.028 6.2 23.7 24.1 0.946
Height of seedlings 60 0.979 24 7.1 7.0 0.917
estimation-measuring procedure of n,, n, with the one-
14 phase procedure based kentirely on a measurement
12 given in Table 2 of the preceding chapter, we will find
10 that in the case of low variability of the nursery stock
(sy%) and high precision (£% = 2%), the total costs at
T 8 two-phase procedure seem to be more unfavourable
6 than at one-phase procedure. Therefore, in Table 4
a bold line defines the area in which the two-phase
4 —_ combination of estimation and measurement is more
2 :gé?étﬁn os advantageous, whereas outside this area, a one-phase
procedure of direct survey (without estimations) is rec-
0

0 100 200 300 400 500 600
y

Fig. 1. Necessary time for counting the number of plants and
seedlings (T in min) in dependence on the number of individuals
(y) on bed segments of length d = 25 cm

— The required number of seed bed blocks #, for the first
phase and n, for the second phase of the inventory is
calculated from the acquired input data for different
variability degrees s % of the number of plants and
seedlings for different required precision £% of the
total sampling result given in Table 4. In calculation,
the data on variability s 0 % and sq%, correlation oo

and on the mutual proportion of total costs 7 for esti-

mations and measurements were considered. They
were applied in formulas for planning the regression
two-phase sampling but they are not presented here
because of their complexity. They can be found in the
paper: SHIVER and BORDERS (1996, pp. 208-209). If we
compare the range of sample survey for the two-phase

ommended.

DIRECTIONS FOR THE APPLICATION
OF THE METHOD IN PRACTICE

The method has been designed to be applied simply

and unambiguously in practice. For planning the optimal
procedure it is necessary to:
— Carry out the ocular estimate of nursery stock, mark off

the seed beds according to the categories (species,
age, plants, seedlings) and assess the variability de-
gree (sy%) of the number of individuals between the
supposed sampling units (seed bed blocks).

— Choose the required inventory precision £% applying

the general principle that higher precision (smaller er-
ror) should be used for rare species and a great amount
of nursery stock of high quality (where even a small
relative error represents the absolute great value, e.g.
E% =+ 2% represents 20,000 individuals at one million
plants) and on the contrary, lower precision will do for
the lower-quality, cheaper, easily accessible material,
just for random inventory.

Table 4. Required number of bed segments onwhichit is necessary to make both the ocular estimate (n,) and counting, or measure-
ment (n,) of plant material in dependence on the expected variability (sy%) and required precision (E%) of theinventory result using

acombined method
<% E% =1 2% E% =+ 5% E% =+ 10%
Y rll n2 nl n2 rll n2
10 165 80 30 15 10 5
20 660 200 105 35 30 12
30 1,770 270 285 45 70 14
40 3,150 485 505 75 125 20

Note: In cases limited rude line is combined method economic twice preferable than classic superior method
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Table 5. Example of the realisation of a combined method in forest nursery. Size detecting: Y — number of Norway spruce plants
(2+2), total bed length D = 300 m, expected variability %= 20%, required precision E = * 10%, selected bed element d = 25 cm,
sample size for ocular estimate n, = 30, counting the number n, = 10

ment No. Estimatey,. ., Counting x,, =M Augxiliary calculation:
No. E o © Xviy 4
Xo(i)
1 18 n,= 30
2 23 28 1.217 S You =675
3 20 > Vo =15:549
4 23
5 24 27 1.125
6 28 V., = @ =225
Yo T3 T
7 28
8 28 28 1.000 . - |15546—225(675) _ 1 s,
- 30-1
9 22
10 28
11 19 18 0.947 Sy %= 333 100 215.7%
! 22.5
12 26
13 26
14 19 21 1.105
15 16 n,= 10
16 24 S ¢, =10.872
17 22 21 0.954 z q; 2 _ 11.9003
18 22
19 21
20 24 28 1.167 6 =1.0872
21 23
2 o1 - \/11.9003—1.0872(10.872) 0.0044
10-1
23 18 19 1.056
24 20 5, % = 2094 160 = 8 68%
7 1.0872
25 28
26 24 27 1.125
27 24
28 19
29 17 20 1.176
30 20
Estimate correction and all beds generalization
Yior =70 (4 =22:501.0872 = 24.46 pes AV tor = Va0 PV 204 462 = £1.93 pes
100 100
o/ 2 0/2 2 2
AT, =2, @ STy 1577 868 _ g g,
n n, 30 10

v=(7,, * A?;m)ag = (24.46 + 1.93)[4307(; =29.332+2,316 pcs
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— Choose the size of a sampling unit which is in general a
seed bed block d =25 cm in length for plants (for set-
ting out the plants under 15 individuals, the blocks
should be prolonged to d = 50 cm), for seedlings with
density up to 100 individuals the seed bed blocks with
a length of d = 25 cm should be used, whereas the
original seed bed block should be reduced to one half
or even one quarter in the case of higher density.

— Take from Table 4, for the given variability 5% and
chosen error £%, the necessary amount of seed bed
blocks 7, for ocular estimates and 7, for counting the
individuals. If their height inventory is taken simulta-
neously, the mean heights do not have to be deter-
mined on all #, and n, seed bed blocks, just on appro-
ximately 1/2 or 1/3 of them as the mean height varia-
bility of nursery stock on the seed bed blocks is sub-
stantially lower than that of their number.

— To calculate the distance s, for equal spacing of n,
sampling units along the seed beds on which the esti-
mates will be performed

_D 11
5= (11

1

where: D — total length of seed beds

and the step for n, sampling units will be determined

from the ratio k = n, n; on sampling units, both the

estimate and the counting or measuring of the height
of individuals will be carried out.

For carrying out the measurements it is necessary to:
— Make a light wooden frame with inner dimensions of

seed bed width x 25 ¢cm and for providing the invento-

ry of seedlings with high density to stretch a wire in
vertical direction in the half and also in the quarters of
the longer frame side.

— Place the frame along the seed beds at distances s ; the
first location should be done at a distance of s /2 from
the beginning of the seed bed, the others at a distance
of the whole s ; to do ocular estimations on all loca-
tions and on each k" of them also a precise counting
and measuring of the individuals. The distances s, can
be measured by means of a tape measure or steps.

— Make a record of the results obtained from the succes-
sive locations i = 1, 2, ... n, in two columns so that the
measured values Xy form pairs with the estimated
values y, on individual locations.

Evaluate the obtained data according to formulas
(5-9); to calculate the quotients g, and their statistical
characteristics for the pair values X, and x,, . ; to deter-
mine the mean estimated value y, 0 of the number or
heights of nursery stock and correct it by means of g,
to calculate the sampling units for the whole invento-
ried seed beds and to state the range of the reached pre-
cision.

Table 5 gives one example of a record and data eva-
luation of the inventory of spruce plants 2+2 by means of
the proposed combined method on a seed bed length
D =300 m, estimated variability s,% =20%, chosen pre-

162

cision £% == 10%, range of sampling for ocular estimates
n, = 30 and for counting n, = 10, chosen sampling unit
(length of sampling block) d = 25 cm, distance for , loca-
tions (estimations) s, =300/30 = 10 m, sampling step for n,
locations (counting) k=30/10 =3 (each third from #, loca-
tions in the succession 2, 5, 8, ... 29). It follows from the
results that the mean estimated number of plants on n, =
30 locations is y )= 22.5 and the relative variability of indi-
vidual estimates is s , % =15.7%. The mean value of the
precise counting of individuals on n, = 10 locations is
higher x,, = 23.7 and their variability Syan/0 = 17.8%
has also increased. Mutual relation between the estimat-
ed and counted number of plants is expressed by the co-
efficient g, and it ranges from 0.945 and 1.213. Its mean
value is g = 1.0872. It means that the numbers of plants
obtained by counting were on average by 8.72% higher
than the estimated ones; the ocular estimate underesti-
mated the real state systematically. The variability of ¢,
values is very low, Sq% =8.7% and it decreased 1.8 times
in comparison with 8,070 of the estimated values and 2.0
times in comparison with s, | % of the counted values. It
means that there is a very close correlation between the
estimates and counting, even in spite of the fact that the
estimates show a systematic deviation and are predomi-
nantly smaller. After a correction by means of ¢, the ori-
ginally estimated mean number of plants on the 25 cm-long
locations y,, increased and represented 7,W= 22.5.1.0872=
= 24.46 plants; after calculation for the whole length of
D =300 m of the inventoried seed beds it represents
Y, =24.46[300/0.25=29,352 plants. The relative sampling
error of the corrected result is AY, % ==+ 7.9%. It means
that with 95% probability the total number of plants on
seed beds ranges within the interval of 29,352 + 2,316
pieces of plants, i.e. from 27,036 to 31,668 individuals. If
we needed a more precise result, it would be necessary to
enhance the range of sample survey of n , n_, for the re-
quired £ =+ 5% on n, = 105, n, = 35 seed bed blocks.
Besides showing the whole procedure of evaluating the
obtained data and the interpretation of the results, the
above given example also confirms that planning and car-
rying out the two-phase inventory was correct. The coef-
ficient of variation for the estimations s, (0)% =15.7%
was even lower than originally expected (20%) and the
error of the inventoried number of a respective category
of plants in a nursery AY, % =+ 7.9% did not exceed the
required range of £% ==+ 10% (it represented only 79%).
As the example was applied on a seed bed where (for the
sake of investigations) the precise number of plants by
counting on all seed bed blocks (Y = 29,104 plants) was
already known before, it was possible to determine the
real error of the corrected sampling result A = 29,352 —
—29,104 =+248 plants, i.e. +0.8%. If the ocular estimate of
the number of plants (Y, =22.5 . 300/0.25 = 27,000) were
not corrected in the second phase of inventory,
the real error of determining the correct value would be
A=27,000-29,104 =-2,104 plants, i.e. even —7.2%.
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SUMMARY

It follows from the previous chapters that at present
three methods of the inventory of plant material in forest
nurseries are used. Each of them has its own advantages
and disadvantages. The ocular estimation of plant and
seedling numbers, or also of some other characteristics,
e.g. damage, mean heights, is cheap, however its accura-
cy is not known since it depends on the subjective prop-
erties of the estimators and is usually loaded by systematic
errors (SMELKOVA 1998). Classical sampling replacing the
ocular estimations by a direct inventory (counting, mea-
suring) of the plant material at several places systemati-
cally distributed on all seed beds is more objective. It
utilises the theory of statistical sampling and for the as-
sumed variability of plant material (which can easily be
judged according to the degree of density variability and
other parameters of plants and seedlings on seed beds) it
makes it possible to estimate the requested number of
(places) measurements on seed beds to secure the inven-
tory result with a given accuracy ofe.g. +2,+ 5or+ 10%
(Table 2). After carrying out the inventory, the sampling
result is derived from the measurements (e.g. number of
individuals in the given category, percentage of damage,
mean height, etc.) in the form of the reliability interval
defined by the lower and upper limit, in which the real
(exact) value in the total inventoried part of the forest
nursery represents 95% probability. This procedure, how-
ever, requires higher technical skills of workers and 5 to
10 times higher costs than the ocular estimation. The
present methodological procedure (SMELKOVA 1996) has
been elaborated to such an extent that it is easy to be
managed in the current nursery practice without any pre-
liminary theoretical preparation.

The proposed two-phase sampling procedure combines
the advantages of ocular estimation and direct inventory.
It follows from the theory of regression sampling, which
in the first phase determines quickly and cheaply, although
less precisely, the required characteristics by the ocular
estimation on a higher number of sampling units (» ), and
in the second phase on a smaller number (1) of sampling
units even more precisely by counting or measurement.
From n, data, the individual proportions of the measured
and estimated values of the same characteristics are cal-
culated and their value (multiplication quotient ¢) is used
for the correction of all n, estimated and measured data
(the correlation coefficient in plants is about 0.85 and in
seedlings about 0.95). This fact is favourably reflected in
the error (the interval of reliability) of the correct result
and the economy of the entire inventory. As it is seen
from Table 3, for ensuring the requested accuracy £%
(+2,+5 or+ 10%) at the given variability of plant material
5% (10-40%), the number of the required ocular estimates
n, increases in comparison with the classical sampling pro-
cedure while the number of the required direct estimates 7,
substantially decreases. Total time consumption necessary
for this combined inventory is reduced by 50%. The whole
working procedure is quite simple, calculations of the re-
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quired formulas (5-9) are not difficult; they can easily be
carried out using a pocket calculator, best of all the “scien-
tific” type (example in Table 4).

For the sake of completeness it is necessary to mention
that in the presented work, for all three above-mentioned
inventory variants, the optimum sampling units were de-
fined in a new way on the basis of large samples to which
both the ocular and the direct inventories refer. Instead of
1 m?or 1m of the seed bed size it is recommended to use
a smaller and more variable unit with a length of
25 cm of the seed bed, or with a higher density of individ-
uals mainly seedlings, 1/2 or 1/4 of this distance. The
required accuracy is thus provided at minimum costs
(Table 1). Light wooden frames are best suited for the
establishing of such a sampling unit that is placed along
the inventoried seed beds at constant distances (s = total
length of seed beds/number of seed bed lengths n).

There is no single reply to the question which of these
methods is the best one. It depends on the inventory aim
and on the type and quantity of planting material. The
direct ocular estimation should be restricted only to acqui-
sition of rough orientation information. In common prac-
tice, the classical sampling or combined sampling methods
of inventory and measurements should be preferred. The
latter is twice as effective (especially at a variability high-
er than 20%). The required inventory accuracy should be
selected within the range from + 2 to + 10% with the aim to
inventory more exactly the material that occurs in large
quantities and that is of higher value (quality and price).
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Inventarizacia sadbového materialu v lesnych skdlkach kombinéciou okularneho odhadu

a kontrolného merania
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ABSTRAKT: V praci sa hodnotia dva doteraz pouzivané sposoby inventarizacie sadbového materialu v lesnej $kolke —
okularny odhad a vyberova metdda. Navrhuje sa novy dvojfazovy vyberovy postup, zalozeny na vhodnej kombinacii od-
hadu a spoéitavania, resp. merania semenaéikov a sadenic. Definuje sa optimélna velkost’ vyberovej jednotky (dizka zaho-
nového useku). Odvodzuje sa potrebny pocet zdhonovych usekov, na ktorych treba vykonat' v prvej faze (n,) okuldrne
odhady a sticasne v druhej faze (n,) aj presnejsie zistenia poctu jedincov, resp. ich d’al$ich kvalitativnych a kvantitativnych
znakov, aby sa dosiahla poZzadovana presnost’ vysledku = 2 az 10 % so spolahlivostou 95 %. Predklada sa teoretické
zdovodnenie navrhu i konkrétny pracovny postup jeho realizacie. Vymedzuju sa ramce, kedy je navrhovand metoéda ekono-

micky (az dvojnasobne) vyhodnejsia ako klasicka vyberova metoda.

Krudové slova: lesné §kolky; inventarizacia sadbového materidlu; dvojfazova vyberova metdda; kombinacia okuldrneho od-

hadu a presného zistovania

V sti¢asnosti st pre inventarizaciu sadbového materialu
v lesnych skolkach k dispozicii tri ré6zne spdsoby, ktoré
maju svoje vyhody i nevyhody.

Okularny odhad poctu sadenic a semenacikov, resp. aj
niektorych ich d’al§ich znakov (napr. poskodenia, prie-
mernej vysky) je rychly a lacny, ale nie je znama jeho
presnost’, lebo vel'mi zavisi od subjektivnych vlastnosti
odhadcu a spravidla je zataZzeny systematickymi chybami
(SMELKOVA 1998).

Klasicka vyberova metdda, ktora nahradza okularny
odhad priamym zistovanim (spoc¢itanim, meranim) sad-
bového materialu na viacerych miestach rozlozenych
pravidelne po vSetkych inventarizovanych zahonoch, je
objektivnejsia. Vyuziva teoriu Statistického vyberu, takze
pre predpokladant variabilitu sadbového materialu (ktora
sa da dobre posudit’ podl'a stupiia premenlivosti hustoty
a inych parametrov sadenic a semenacikov po zdhonoch)
umoziuje stanovit’ potrebny pocet (miest) merani na
zahonoch tak, aby sa zabezpe¢il vysledok inventarizacie
s vopred zvolenou pozadovanou presnostou, napr. £ 2,
+ 5 alebo + 10 % (tab. 2). Po vykonani zistovania sa zo
ziskanych udajov odvodi vyberovy vysledok (mnozstvo
jedincov danej kategorie, percento poskodenia, priemerna
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vyska ap.) vo forme tzv. intervalu spolahlivosti, vy-
medzeného spodnou a hornou hranicou, v ktorom sku-
to¢na (presna) hodnota v celej inventarizovanej Casti
lesnej 8kolky lezi s 95% pravdepodobnostou. Samozrej-
me, ze to vyzaduje vyssiu odbornost’ a 5—10-krat vacsie
casové naklady ako okularny odhad. Stucasny metodicky
postup je viak uz natolko prepracovany (SMELKOVA
1996), ze je vel'mi 'ahko zvladnutel'ny v beznej $kolkar-
skej praxi aj bez predchadzajicej teoretickej pripravy.
Navrhovana dvojfazova vyberova metdda spaja vy-
hody okularneho odhadu a priameho zistovania v ich vza-
jomnej kombinacii. Vychadza z tedrie regresného vyberu,
ktory v prvej faze na vaésom poéte vyberovych jednotiek
(n,) stanovi zistovanu veli¢inu rychlo, lacno, ale menej
presne okularnym odhadom a v druhej faze na menSom
pocte (n,) tychto jednotiek aj presnejsie — spocitavanim,
resp. meranim. Z n, idajov sa vypocitaju vzajomné podie-
ly odmeranej a odhadnutej hodnoty tej istej veli¢iny a ich
priemer (nasobny kvocient ) sa pouZije na korekciu vSet-
kych n, odhadnutych hodnét. Tym sa odstrani pripad-
na systematicka chyba v okularnych odhadoch a zaroven
sa podstatne znizi variabilita vysledkov, pretoze medzi
odhadnutymi a meranymi tdajmi existuje vel'mi tesna
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korelacia (korela¢ny koeficient pri sadeniciach je okolo 0,85
a pri semenacikoch 0,95). To sa priaznivo prejavi na chybe
(velkosti intervalu spolahlivosti) skorigovaného vysled-
ku a tiez na ekonomike celého zist'ovania.

Ako vidiet z tab. 3, pre zabezpecenie pozadovanej pres-
nosti inventarizacie E% (+ 2, = 5, = 10 %) pri predpo-
kladanej variabilite sadbového materialu sy% (1040 %)
sa v porovnani s klasickou vyberovou metédou potreb-
ny pocet n, okularnych odhadov o nieCo zvysi, ale poCet
priamych zistovani n, sa podstatne obmedzi. Celkovy ¢a-
sovy naklad na vykonanie kombinovanej metody inven-
tarizacie sa preto znizi v priemere na polovicu. Cely
pracovny postup je pritom pomerne jednoduchy, vypoc-
ty potrebnych velicin podl'a vzorcov (5-9) nie st naro¢né,
dajti sa l'ahko zvladnut’ na vreckovej kalkulacke, najlepsie
typu Scientific (priklad v tab. 4).

Pre uplnost’ treba poznamenat, Ze pre vsetky tri spo-
minané varianty inventarizacie boli v praci na zaklade roz-
siahlych rozborov novym sposobom definované aj
optimalne vyberové jednotky, na ktoré sa okularne odha-
dy aj priame zistovanie vzt'ahuje. Namiesto jednotnej
velkosti (doteraz 1 m? alebo 1 bm zahonu) sa odportaca

pouzivat menSia a variabilnejSia jednotka, a to zahonovy
tisek o dizke d =25 cm, resp. pri vicsej hustote jedincov
(najmé semenacikov) polovica alebo §tvrtina tohto Gseku.
Tym sa zabezpeci pozadovana presnost’ vysledku
s minimalnymi nakladmi (tab. 1). Na vymedzenie takejto
vyberovej jednotky sa najlepsie hodi I'ahky dreveny ram,
ktory sa uklada pozdiz inventarizovanych zdhonov
v konstantnych odstupoch (s = celkova dizka zdhonov/
pocet zahonovych usekov n).

Na otazku, ktory z troch spdsobov inventarizacie
pouzit, nejestvuje jednoznacna odpoved’. Zavisi to od
ucelu zistovania a od druhu a mnozstva sadbového ma-
terialu. Cisty okularny odhad by sa mal obmedzit’ iba na
ziskanie hrubych, orientacnych informécii. Bezne by sa
mala v praxi preferovat’ klasicka vyberova metdda alebo
eSte viac kombinovana metdéda odhadu a merania, ktora
je (najma pri variabilite vacsej ako 20 %) az dvakrat efek-
tivnejSia. Pritom pozadovana presnost’ inventarizacie by
samala volit’ z rozpitia + 2 az + 10 % tak, aby sa presnej-
Sie podchytil material, ktory sa v skolke vyskytuje vo
vel’kom mnozstve a ma vac¢siu hodnotu (kvalitu a cenu).
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