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TECHNOLOGY AND COSTS OF CREATION OF FOREST CULTURES OF PINE  
IN ACCORDANCE WITH HABITAT CONDITIONS 

For the characteristic of conditions of growth are accepted a class of bonitet and group of stands. 
The technology of creation of forest cultures is resulted: processing of soil by loosening of strips by a 
mill, manual landing of annual seedlings under Kolesov´s sword, addition for the second and third year 
by the annual seedlings and cares of forest by cutting of vegetation by motor-units (in the conditions of 
II class of bonitet – 1, I – 2, Ia and Ib – 3 cares). Are not planned cares of forest in the conditions of 
III–V classes of bonitet. Industrial expenses for creation of forest cultures of 1 hectares fluctuate from 
1151.3 (III class of bonitet) to 3906.0 thousand roubles (Ia class of bonitet). Cost of taxes at the age of 
the principal cuttings changes from 10,296 (V class of bonitet) to 71,912 thousand roubles (Ib class of 
bonitet). After discounting it has appeared that in the conditions of V class of bonitet expenses for crea-
tion of forest cultures exceed the resulted estimation of volume of wood on 298.9 thousand roubles. On 
other classes of bonitet economic benefit makes from 453.0 to 2601.8 thousand roubles. It is noticed 
that at the decision of a question on creation of forest cultures it is necessary to consider huge ecologi-
cal and social value of forests. 

Introduction. The territory of Belarus belongs 
to a zone of intensive agriculture and developed 
industry. Historically more fertile soils were used 
for agricultural needs. Therefore currently the 
woods grow mainly on low-fertile sandy and peat-
bog soils. For creation of artificial plantings sandy 
soils are used generally. 

While developing the technology of cultivation 
of forest plantings, including the technology of 
creation of forest cultures and improvement thin-
ning, the primary target is formation of highly pro-
ductive forest stands corresponding to the habit 
conditions.  

The productivity and species composition of 
our forests in future in large degree depend on 
progress of forest restoration and forest cultivation 
by means of creation of forest cultures. According 
to the forest management Republican unitary en-
terprise “Belgosles” [1], plantings of artificial ori-
gin make only 18.3% of the total area of the state 
forest resource of our republic. Meanwhile, as it is 
known [2], plantings of an artificial origin exceed 
natural plantings’ efficiency. This advantage in 
many respects depends on the selection of species 
composition of forest cultures in accordance with 
habitat conditions, and also is determined by effi-
ciency of distribution of trees on the area and the 
increased density at the age of the final felling. 

The creation of forest cultures is rather expen-
sive, but as it is carried out once, and formed forest 
stands depend on its efficiency, this stage of forest 
growing needs to be given close attention. As it is 
mentioned in the Strategic Plan [3], while making 
decisions concerning the composition of plantings 
and mix of breeds, first of all there should be con-
sidered growth conditions, and then questions of 
wood usage and ecology. Besides, this document 
provides improvement of technologies of forest 
growing. In our opinion, quite essential questions 

of reforestation are the cost of works and economic 
benefits of forest growing. 

Main part. There isn't enough available know-
ledge about the soil to determine precisely a forest 
stands bonitet by the type of the soil. On the cur-
rent stage of forestry science development it’s ex-
pedient to implement a widespread phytocoenotic 
method to characterize habitat. 

As it was noticed by P. S. Pogrebnyak [4], the 
most perfect and exact analyses of soils and cli-
mate aren't able to replace the characteristic of fer-
tility which is established by parameters of the 
plant itself.  

That is why for the characteristic of soil condi-
tions, it’s normal to use forest stands bonitet, 
which, as we know, is an integrated indicator of 
soil fertility and is determined according to 
M. M. Orlov's bonitet table [5]. As the same boni-
tet class can be in forest stands both of the first and 
the second class of the woods, besides a bonitet 
class, a group of plantings [6] is specified. This 
methodological approach allows to deprive of sub-
jectivity the definition of habitat conditions. 

In the present article we regard production of 
forest cultures in the conditions of bonitet class V–Ib, 
i.e. restoration of forest stands of the first class of 
the woods relating to the 1-6th groups of plantings. 
Costs of production of forest cultures depend on 
habitat conditions and technology of forest cultures 
creation. The following technology of creation of 
forest cultures is provided. 

Strip cultivation using a miller to loosen the 
soil is implemented, because when being planted in 
furrows, plants bend their root system mainly to 
inter-furrow space [7] is applied. Such develop-
ment of root system subsequently reduces stability 
of plants against a windfall. 

Seedlings are delivered to the silvicultural area by 
car and temporarily heeled in. Planting of seedlings is 
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carried out manually using Kolesov sword; the use 
of planting machines is impossible because of stubs. 
1-year old pine seedlings with height of aerial part 
5 cm are used for planting. When using 2-year 
seedlings which have a developed root system, it is 
difficult to exclude an essential disadvantage of ma-
nual planting using Kolesov sword – a bend of roots. 

For the same reasons 1-year old seedlings are 
used also for reinforcement planting. Reinforce-
ment planting is provided at the 2nd and 3rd years 
after creation in the number of 20% of planting 
spots. This action needs to be paid close attention 
as low-quality reinforcement planting leads to for-
est stands of low density and falling efficiency. 

It is determined by researches [8] that taking 
care of forest cultures by soil loosening is inexpe-
dient, because roots get damaged and growth of 
plants decreases. Therefore it is planned to take 
care of plantations by cutting grassland vegetation 
using motor-units and cultivation of soft-wooded 
broadleaved species. In the conditions of the 1-3rd 
groups of plantings the specified treatment isn't 
planned in connection with a poor development of 
grassy and wood vegetation [9]. 

In the conditions of the 4th group (the boni-
tet class II) it’s provided to carry out treatment 
only one time , in the conditions of the 5th group 
(the bonitet class I) – two times, and in the con-
ditions of the 6th group (bonitet classes Ia and 
Ib) – three times. 

Density and place of planting of forest cultures 
depend on habitat conditions [9], and while calcu-
lation of expenses for creation of forest cultures 
they were accepted by the following: The bonitet 
class V – 2.5×1 m (4000 pcs./ha); IV – 2.7×1 m 
(3700 pcs./ha); III – 2.8×1 m (3570 pcs./ha); II – 
2.9×1 m (3450 pcs./ha); I – 3.2×1 m (3130 pcs./ha); 
Ia – 3.4×1 m (2940 pcs/ha) and Ib – 3.6×1 m 
(2780 pcs./ha). 

For calculation of expenses for creation of for-
est cultures the current tariff rates and norms were 

used. The tariff salary fund decreases in proportion 
to quantity of planting spots (Table 1). Its increase 
in the 4th and the subsequent groups is caused by 
carrying out forest plantations treatment which is 
quite expensive. 

The direst cost appeared to be the largest in 
the conditions of bonitet class Ia. Besides a direct 
cost, the sum of expenses on creation of forest 
cultures included general production expenses 
that on the Ministry of forestry average 16.6% of 
direct expenses. 

Finally it appeared that the sum of production 
expenses for creation of 1 hectare of forest cultures 
fluctuates from 1,151,300 (the class of bonitet III) 
to 3,906,000 thousand roubles (class of bonitet Ia). 
For calculation of stumpage value of wood we 
used 2012 year charges on the standing wood. 

According to the tables of a course of growth 
of pine forest stands, considering bonitet class, the 
total average gain of wood was defined [10]. The 
amount of large, medium, small wood and the 
firewood in the total average gain was determined 
according to the commodity table [10, page 237]. 

By multiplication of stumpage value of wood of 
the total average gain by the felling age (80 years) 
we received the stumpage value of wood at the 
felling age. This value appeared to be the smallest 
in the bonitet class V (10,296,000 thousand 
roubles) and the greatest – in bonitet class Ib 
(71,912,000 thousand roubles) (Table 2). 

To adduce delayed cash flows (expenses on 
creation of forest cultures and estimation of timber 
volume at the age of final felling) we use discount 
coefficient [11] that is calculated according to the 
formula 

 Kd = 
( )

1
1 tE+

 = 
( )80

1
1 0.3+

 = 0.09, 

where E is a discount rate (in the forestry it’s ac-
cepted in limits 0.01–0.05); t is the age of felling.  

Table 1 
Production costs of creation of 1 hectare of forest cultures, thousand roubles 

Cost item 
Bonitet class/planting  

V/1th IV/2th III/3th II/4th I/5th Ia/6th Ib/6th 
Tariff salary fund 108.1 102.5 99.9 242.0 379.9 520.3 516.6 
Bonus and other payments 140.5 133.2 129.9 314.6 493.8 676.4 671.6 
Basic salary payment 248.6 235.7 229.8 556.6 873.7 1196.7 1188.2 
Supplement to wages and salaries 24.9 23.6 23.0 55.7 87.4 119.7 118.8 
Charge on payroll 93.0 88.1 86.0 208.2 326.8 447.5 444.4 
Equipment maintenance expenses 598.5 580.6 571.8 897.5 1205.7 1522.8 1508.1 
Direct materials cost 86.0 79.6 76.8 74.2 67.3 63.2 59.8 
Direct cost total 1051.0 1007.6 987.4 1792.2 2560.9 3349.9 3319.3 
General expenses of production 174.5 167.3 163.9 297.5 425.1 556.1 551.5 
Expenses of production total 1225.5 1174.9 1151.3 2089.7 2986.0 3906.0 3870.3 
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Table 2 
Economic benefits and efficiency of expenses on pine forest regeneration 

Bonitet 
class 

Stumpage value 
at the age of 80 
years, thousand 

roubles  

Present estimate  
of wood reserves, 
thousand roubles 

(Qw = 0,09) 

Cost of creation 
of forest cultures 

Cc, thousand 
roubles  

Economic  
efficiency E,  

thousand roubles  

Efficiency of ex-
penses on forest re-

generation, %  

V 10 296 926.6 1 225.5 –298.9 – 
IV 18 088 1 627.9 1 174.9 453.0 38.6 
III 26 456 2 381.0 1 151.3 1 229.7 106.8 
II 36 512 3 286.1 2 089.7 1 196.4 57.3 
I 46 536 4 188.2 2 986.0 1 202.2 40.3 
Ia 60 336 5 430.2 3 906.0 1 524.2 39.0 
Ib 71 912 6 472.1 3 870.3 2 601.8 38.7 
 
We received the given reserves estimate by 

multiplying wood reserves estimate at the age of 
final felling by discount coefficient. 

The difference between the above wood re-
serves estimate and expenses on forest cultures 
creation makes economic benefit of pine forest 
regeneration. It appeared that in the conditions of 
V bonitet class forest regeneration is unprofitable.  
But that adverse growing conditions on the territo-
ry of Belarus are met extremely seldom, making 
only 0.4% of the area of pine formation [12]. 

The efficiency of forest regeneration expenses 
are calculated according to the formula 

 Ee = 
C

E
C

 100%. 

The greatest value (106.8%) appeared to be for 
forest stands of the bonitet class III where forest 
cultures treatment isn't provided. 

The given analysis of calculation of econom-
ic efficiency was carried out in the conditions of 
the first class of the woods; their main growth 
feature is the lack of moisture. In the second 
class of the woods forest stands grow in the con-
ditions of excess of moisture, and soil cultivation 
is carried out by bedding up furrows with the 
subsequent planting of seedlings in breasts. If 
this kind of soil cultivation applied, in the condi-
tions of excess moisture content water in furrows 
often stagnates and a single-sided root system is 
formed, which reduces stability of trees against a 
windfall. 

In the forest stands of the 7th group of planting 
(bonitet classes I and Ia) that belongs to the 2nd 
class of forests, topsoils aren’t exposed to excess 
moistening, and cultivation is better to be carried 
out by a miller to spud the soil by strips pattern. 
Using the same technology of production of forest 
cultures, the resulted expenses on their creation 
and economic benefits will comply with bonitet 
classes I and Ia. 

A certain simplification of the described me-
thod of calculating the economic efficiency should 
be mentioned. Probably while calculating cost of 
forest regeneration it’s rational to consider also 
expenses on conducting fire-safety, forest-protec-
ting and other measures. 

In the cost of the end production, besides 
stumpage value, it is expedient to include the cost 
of other forest benefits [5]. In addition, huge eco-
logical and social importance of forest can't be es-
timated in terms of money. 

Available researches show that the cost of 
some special functions of forest considerably ex-
ceeds the cost of wood production [13]. 

For example, in Germany socially useful func-
tions of forest are estimated at 53 billion Deut-
schemarks, and its wood production is estimated 
3.1 times less. In Japan while estimation of Ar-
shiyami forestland they came to a conclusion that 
the income from its growing time benefits 6 times 
more than wood costs. 

Conclusion. Forest regeneration by means of 
creation of forest cultures is one of the ways allow-
ing to increase the forest efficiency. While finding 
the solution of a question of forest cultures creation 
it is necessary to consider huge ecological and social 
value of forest. Even if there are no economic bene-
fits that can be observed in the extreme conditions 
of growth of forest stands (bonitet class V), creation 
of forest cultures is still very advantageous.  
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