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Abstract
The aim of this research was to study the effect of the stand composition on the density of pine and spruce wood 
growing on former arable lands. Sample areas are located in mixed mature pine- and spruce-prevailing stands in 
Leningrad region, Russia. For the reliable determination of the basic density of spruce and pine wood, selection of 
model trees was carried out and cores were taken. Based on the data obtained from stems of 36 model trees from 3 
sample plots, conversion equations were calculated to determine the basic density of wood. The measurements of 
the spruce and pine wood density were processed using variational statistics. The results have shown that the pine 
forms a more homogeneous wood than the spruce. On former arable lands, spruce has a denser wood than pine under 
the same growth conditions. The stand composition has a significant effect on the density of spruce rather than pine.
Key words: former arable land, taxation indicators, stands of spruce and pine, basic density of wood.

Introduction
The quantitative parameters of pine and spruce 

stock in plantations growing on postagrogenic lands 
have been discussed in a number of publications 
(Johansson, 1996; Ruskule et al., 2012; Daugaviete, 
2015; 2017; Golubeva, 2015). However, the quality 
of pine and spruce wood in the European boreal 
zone was studied mainly in stands on forest lands. 
A number of works concerned with this subject-
matter were published by authors from Scandinavian 
countries (Pikk, 1996; Zianis, 2005; Jyske, 2008). 
There are some publications on the quality of wood in 
postagrogenic lands in the North-West region of Russia 
(Golubeva, Lokhov, & Danilov, 2015). The stands of 
pine and spruce growing on the former arable land are 
notable for a greater forest yield in comparison with 
stands growing on forest lands (Алятин, 2006). The 
quantitative characteristics of these stands have an 
impact on the quality characteristics of pine and spruce 
wood growing on post-agrogenic soil (Danilov et al., 
2016). The investigations of physical and mechanical 
properties of pine and spruce wood growing on fallow 
land give various, often contradictory, conclusions 
(Голубева, Лохов, & Данилов, 2015). Therefore, 
the research in this area is of undoubted interest for 
practice and theory of forest environmental research. 
Since no studies have been conducted on the quality 
of spruce and pine wood for the conditions of the 
North-West region of Russia so far, the purpose of the 
research was to study the specific features of the pine 
and spruce wood density formation in postagrogenic 
lands.

Materials and Methods 
We have investigated 3 sites in the former arable 

lands with a stand of mature mixed trees of spruce 
and pine up to 80 – 85 years of age. The subjects of 
research are located in the south-west of the Leningrad 
Region in the Gatchina District (59°20’07.84”N 

30°09’12.35”E / 59°20’17.8”N 30°09’20”E). The 
soils represent a degraded agrozem covered with  
a humus horizon layer with presence of podsol 10 – 
12 cm in thickness formed during formation of forest 
community. The underlying bed is a double-layer one, 
consisting of a red-colored moraine loam covered 
with a sandy loam horizon. The growing conditions of 
the region under investigation correspond to the I-Ia 
growth class.

We selected the total of 36 model trees on 3 sample 
plots according to the most representative diameter 
class of the stands to determine the basic density of 
pine and spruce wood. The basic density of wood is a 
calculated index that is easily normalized to calculate 
the density of wood with any moisture content. 
According to the method of Poluboyarinov (1983), 
the trunks of model trees were sawn up, the length of 
the pieces was 10% of the model tree height. Samples 
of wood were taken from each model tree using the 
whole cross-cut section of the wood. Another sample 
was taken at a height of 1.3 m as the taxation diameter. 
The basic density of wood was determined by the 
Poluboyarinov (1976) method of maximum moisture 
saturation of wood samples (equation 1):
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where
d – wood substance density 1.53 g cm-3,
mW – weight of the absolutely wet sample,
m0 – weight of the absolutely dry sample.

Further, a conversion equation was composed. 
It showed relation between the wood density at the 
level of 1.3 m and average density of the trunk wood. 
This allows further to use the wood cores taken at 
this height to determine the density of the entire trunk 
without tree felling and crosscutting.
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Calculation of the average basic density of wood 
for the stand consisting of spruce and pine trees was 
made as the average weighted value, depending on the 
diameter class of trees represented within this stand.

A suite of applied computer programs was used 
to detect significant differences. The Statistica 11 
program was used for statistical processing.

Results and Discussions
On the basis of the samples selected from the 

model trees, the conversion equations (2,3) were 
obtained to calculate the basic density of the wood of 
the соre samples selected by the Pressler’s borer at the 
height of 1.3m above soil surface (x) for the entire tree 
trunk (y). The calculated equations have a high level 
of determination (R2).

for pine: y=1.00x-45.87, R2=0.70	 (2)

for spruce: y=0.92x+28.22, R2=0.93	 (3)

On the basis of the cores of wood selected from 
the represented trees according to the stand diameter 
class, calculation of the average basic wood density 

according to the diameter class was made. For a 
reliable analysis of the wood density, the coefficient 
of variation (Cv) of this index was calculated for 
determination of the required number of cores. The 
coefficient of variation less than 10% indicates a weak 
variability of the characteristic and from 10 to 20% 
indicates an average one (4).

Cv =σ/М ± 100%,	 (4)

where M – arithmetic mean value,
σ – mean square deviation.

About 6 – 12 measurements by Student t-test with 
Cv 5 – 11% are required for reliable analyses with 
ttable=2.6, p-value=0.9 (Freedman, 2005).

The density of wood is a deterministic feature and 
therefore the variability is not high, as data in Table 3 
shows.

The variability of spruce wood density was higher 
on average than that of pine. Apparently, this can be 
explained by a greater representation of spruce trees in 
a more extended row by the diameter class than in the 
pine part of the stand at the research objects.

Table 1
Average taxation characteristic values of stand of mixed trees of spruce and pine

growing on the postagrogenic soil

Object of research #1 with spruce predominance 

Species Content,% А, years Dav, cm Нav, m M, m3

Spruce 80 80 28.9 28.8 288
Pine 18 85 39.6 28.4 64
Aspen 1 50 27.9 25.5 3
Birch 1 60 23.1 24.2 4

Object of research #2 with predominance of spruce
Spruce 55 80 27.1 28.2 309
Pine 38 85 35.2 27.8 215
Aspen 5 50 29.3 25.7 27
Birch 2 60 18.0 21.6 14

Object of research #3 with predominance of pine
Spruce 59 85 31.2 27.4 269
Pine 32 80 21.8 25.4 148
Aspen 4 50 33.8 26.2 18
Birch 5 60 24.6 24.7 22

Table 2
Coefficient of variation of the wood density of pine and spruce trees on the research objects (Cv, %)

Species of wood Object 1 Object 2 Object 3
Spruce 9 11 6
Pine 6 5 6
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For the investigated stands growing on the former 
arable land, one can observe an interesting regularity. 
The spruces have a higher density of wood than the 
pine storey of the stand (Table 3).

It should be noted that according to the different 
estimates, a similar pattern has been observed on the 
forest lands within the research region (Danilov, 2014; 
2016).

However, according to the data of other authors, 
the basic density of pine wood is 400 – 412 kg m-3 
and the basic density of spruces is 380 – 390 kg m-3 
(Poluboyarinov, 1976; Smirnov, 2006).

At the same time, studies of the wood density of 
pines and spruces carried out in the plantation crop of 
pines and spruces located in the former hayfields and 
arable lands in the Leningrad and Pskov regions also 
showed that the density of wood is higher in spruce 
stands (Stepanenko, 2014; Danilov, 2017). This fact 
can be considered as demonstration of a different 
growth response.

The pines with their pioneering growth strategy 
are characterized by an accelerated growth of xylem 
thanks to the area of early wood in the annual growth 
in these conditions on the former arable lands.
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Table 3
Basic density of spruce and pine wood at the research objects (kg m-3)

Diameter class, cm 12 16 20 24 28 32 36 40 44 48

#1

Spruce
412 397 406 360 356 382 389 436 366 412
448 446 383 356 385 373 360 409/418 341 448

Pine
- - 376 384 413 419 392 387 376 379

- - - - 373 393 374 381 367 387

# 2

Spruce
406 462 445 383 408 437 427 - - -
564 407 435 390 449 459 - - - -

Pine
- - - 396 348 404 367 377 374 323
- - - 360 381 370 351 380 396 377

# 3

Spruce
414 382 373

365
377
397 420 446 357 412 - -

411
389

373
366

399
382 387 379 - - - - -

Pine
372 356 409 364 358 391 398 372

- - 353 364 404 369 382 366 324 353

Table 4
ANOVA analysis of the significant difference between wood density of pine and spruce

Dispersion Sum of 
squares

Degree of 
freedom

Average 
square

Actual Fisher’s 
variance ratio Fa

Theoretical 
Fisher’s variance 

ratio Ft, p=1%

Null hypothesis 
acceptance 
probability

For the pine

Total 81311.31 41

0.987406 5.194413 3.238096Variants 22541.54 2 406.1438

Residual 58769.77 39 411.324
For the spruce

Total 81311.31 49
9.013581523 5.087373 0.000486Variants 22541.54 2 11270.77

Residual 58769.77 47 1250.421
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The spruces have a more tolerant growth strategy, 
the xylem is formed in the areas of early and late 
wood in the annual growth. The previous studies have 
shown that in the improved conditions of growing or 
fertilizing, the pine actively increases the early wood 
area in its annual ring, while the spruce increases the 
growth of the late wood area in its annual growth 
(Danilov, 2012).

The average basic density of the pine wood within 
the pine cenosis is 376 – 382 kg m-3 and in fact the 
share of its presence in the stand does not affect this 
indicator. Taking into account the predominance of the 
spruce in the stand (research object 1), it has a smaller 
average basic density for the stand of 393 kg m-3 in 
comparison with the stand with a larger content of 
pine, where the spruce wood density is 436 kg m-3.

As to the spruce part of the stands, the share of its 
presence affects the density of wood significantly that 
was confirmed by the ANOVA (analysis of variance) 

(Table 4). As to the pine, no statistically significant 
difference between these research objects was found. 
Thus, the pine forms wood with more uniform density 
than the spruce does on the post-acrogenic soil 
regardless the stand composition.

Conclusions
According to the results of the study of mixed 

spruce and pine stands growing on postagrogenic 
lands, the following conclusions can be drawn:
1.	 The stand content has a significant impact on the 

spruce wood density but not on the wood density 
of pine.

2.	 Pine forms wood with a more uniform density on 
old-arable lands than spruce does.

3.	 A denser wood of the spruce is formed on 
postagrogenic soil in comparison with the pine in 
the same growth conditions.
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