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Inventory of plant material in forest nurseries by combining
an ocular estimate and sampling measurements
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Technical University, Faculty of Forestry, Zvolen, Slovak Republic

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 (length 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

1
), 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
2
), 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.

Keywords: forest nurseries; plant material inventory; two-phase sampling method; combination of ocular estimate and exact
assessment
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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 Indexes a:b for:

y sy% n T
a b a b a b a b y sy% n T

Plants
25 98 17 12 46 24 30 58 0.25 1.42 1.91 0.52

spruce 1+3

Seedlings
117 524 36 34 207 185 590 2,198 0.22 1.06 1.12 0.27

larch 1+1

Table 2. Required sample size (n) for different accuracy of plant
and seedling number and the average height estimates at
a reliability of 95% and  expected variation coefficient (s

y
%) of

the inventoried plant material

sy%
                  n for E%

± 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

∑
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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 cm in length

Size n q M/O sQ%
sy(o)% sy(m)%  rM/O

Estimate Sizing

Number of plants 40 1.024 10.1 19.3 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 2.4 7.1 7.0 0.917

Table 4. Required number of bed segments on which it is necessary to make both the ocular estimate (n
1
) and counting, or measure-

ment (n
2
) of plant material in dependence on the expected variability (s

y
%) and required precision (E%) of the inventory result using

a combined method

sy%
E% = ± 2% E% = ± 5% E% = ± 10%

n1 n2 n1 n2 n1 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

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

y
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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 s

y
% = 20%, required precision E = ± 10%, selected bed element d = 25 cm,

sample size for ocular estimate n
1 
= 30, counting the number n

2  
= 10

Segment No. Estimate yO(i) Counting xM(i)
$#

$#

��

��

�
�

�
� = Auxiliary calculation:

1 18 n1 = 30

2 23 28 1.217 ∑ = 2/1$#���

3 20 1=D�-13$#
=∑ ��

�

4 23
5 24 27 1.125

6 28 1�33
<0

2/1 ==��

7 28

8 28 28 1.000 1<�<
-<0

$2/1#1�33-11=D
$# =

−
−=
�	

9 22
10 28

11 19 18 0.947 I/�-1-00
1�33

1<�<
I$# =⋅=
�	

12 26
13 26
14 19 21 1.105
15 16 n2 = 10

16 24 L/3�-0=∑ ��

17 22 21 0.954 D00<�--
3 =∑ ��

18 22
19 21

20 24 28 1.167 0L/3�-=�
21 23

22 21 0D==�0
--0

$L/3�-0#0L/3�-D00<�-- =
−

−=�	

23 18 19 1.056

24 20 I2L�L-00
0L/3�-

0D==�0
I =⋅=�	

25 28
26 24 27 1.125
27 24
28 19
29 17 20 1.176
30 20

Estimate correction and all beds generalization

��=2�3=0L/3�-1�33 =⋅=⋅= ��� ��
�

ID�/
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