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PRODUCTIVITY, QUALITY OF WORK AND COSTS ON
MECHANIZED FOREST PLANTING

Bricke and Ecoplanter planting machines and regeneration chain mounding and
manual planting were surveyed and compared to each other in three different sites with and
without slash removal. Work productivity of the Bricke was, on average, 198 seedlings per
effective hour without slash removal. After slash removal, the increase of work producti-
vity (Eo) in mechanized planting was 18 per cent with the Bricke. The productivity of
Ecoplanter was, on average, 233 seedlings per effective hour with and without slash remo-
val. Work quality was maintained with the Bricke and regeneration chain mounding and
manual planting, but worse with Ecoplanter. Mounding and manual planting was cheaper
than machines, on average. However, on two sites with slash removal, the planting cost
with the Briacke was lower than cost of mounding and manual planting. The planting cost
with the Ecoplanter was the most expensive method on all sites and with both slash treat-
ments. The results show that mechanized planting is a competitive method in forest regene-
ration, especially after slash removal.
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IIpoayKTHBHICTB, IKICTH POOOTH Ta BUTPATH HA MEXAHI30BAHE CAIXKAHHS JIiCY

JlociKkeHHsT TPOBOIMITUCS Ha TPHOX PI3HUX IUIONIAX Y XBOWHHX JIicaX 3 BUKOPHC-
TaHHAM capkanbHux MamuH "Bracke" Ta "Ecoplanter" i BpyuHy. [IpomyKTUBHICTE caj-
»anbHol MamnHK "Bracke" B cepenaboMy ckiana 198 camkaHIliB 3a TOAUHY, a MIiCsS OYU-
IICHHS TUTOMII BiJ[ JIICO3aroTiBEIbHUX 3aNHIIKiB 3pocia Ha 18 %. [IpoayKkTUBHICTE MalIm-
1 "Ecoplanter" cknana B cepenuboMy 233 ca/pkaHIiB 3a TOAMHY 3 OYMIICHHSM, 4M 0e3
OUMIICHHS JICOCIKM. 3a sIKICTI0O poboTu mepeBara Hagana mamuHi "Bracke". Illo cro-
CY€EThCS BUTPAT, TO PyYHE CaJDKAHHS BUSBHIOCS HabaraTo JIEMICBIIMM, HiXK MammuHHE. Pe-
3yJBTaTH TOCIIHKCHHS TOBEIH, 1[0 MEXaHI30BaHe CaPKaHHS JIICY € KOHKYPYIOUUM CIIOCO-
OOM Y JTICOBIAHOBJICHHI, 0OCOOJMBO Ha TUIONIAX OYUIICHUX BiJl 3QJIMIIKIB JICO3aroTiBIIi.

KarouoBi ciioBa: cajpkaHHs, MeXaHi30BaHe cajpkaHHs, Bracke, Ecoplanter

Introduction

The mechanisation of forest planting has been an objective in Scandinavian
forestry since the 1960's. The development of planting machines was originally be-
en driven by increased labour costs, but nowadays a lack of forest workers is also
an important reason for mechanisation.

During the 1970's and 1980's the main development trend in the mechani-
sation of planting work was the continuous improvement in machines [1]. At that
time, site preparation and planting with a narrow working width was done contin-
uously employing a fully automatic planting machine. The quality of the planting
work was acceptable, but low cost-effectiveness meant that it was not competitive
with manual planting [2].

The subsequent and current trend in mechanisation of forest planting in
Scandinavian is intermittently advancing planting machines [1]. These boom-tip
mounted machines with or without a site preparation mechanism can be attached to
a harvester or excavator boom. The working width of boom-tip planting machines
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is quite wide. The operator determines planting points individually. The possibility
to use harvesters and excavators for tasks outside the quite short planting season is
an important factor in reducing capital costs. In a previous study [2], the work qua-
lity of planting with Bricke and Ilves boom-tip mounted machines was at the same
level as in manual planting, but manual planting was still the cheapest method.

Higher planting costs compared to manual planting is perhaps the main re-
ason why mechanized planting is still uncommon in Finland. Only 1.5 percent of
planting was carried out mechanically in 2003 [3]. In recent years conditions for
the development of mechanisation of forest planting have improved. In 2002, the
first Ecoplanter planting machine was imported into Finland. Compared to previ-
ous boom-tip planting machines it is equipped with double planting heads so that is
possible to plant two seedlings simultaneously. Productivity should then be higher
than using machines with a single planting head.

In addition, slash removal for forest chips for energy production has beca-
me quite common. The use of slash, mainly from regeneration areas, has tripled
during the last three years [4]. In accordance with national target, the use of forest
chips should be 2.5 times higher in 2010 than today [5]. After slash removal, mec-
hanized planting is assumed to become more profitable. In a previous study [6], the
increase of work productivity after slash removal was, on average, 20 percent in
mechanized planting and the quality of work was slightly better.

The object of this study is to survey the work productivity, quality and
costs of mechanized and manual planting. Two boom-tip-mounted planting machi-
nes equipped with site preparation mechanism (mounding) and regeneration chain
mounding and manual planting were compared in three different conditions. At the
same time, the effects of slash removal were surveyed. Only preliminary results are
reported at this juncture.

Methods and materials

Three regeneration areas of Norway spruce (Picea abies (L.) Karst) with
different soil types and stoniness (work difficulty factors) were selected in the so-
uthern part of Finland (Table 1). The experimental design was split-plot in three
blocks (replications) with planting methods as main plots (0,30 ha/block) and slash
as subplots (0,15 ha/block). This design was replicated on each site (Table 1). The
use of excavator-mounted Bricke (Figure 1) and harvester-mounted Ecoplanter
(Figure 2) planting machines and manual planting were compared in summer 2002.

Table 1. Description of the sites.

Site Jappild Site Kangasniemi Site Karttula

Forestry land

Mire, transforming

Mineral soil

Mineral soil

Soil type

Peat

Till

Till

Stoniness index, %

Class 1. (0—-20 %

Class 3. (55-75%

Class 4. (>80 %

The machines differ in the mounding principle they employ. The Bricke
planting machine is equipped with a mounding blade and a mound compaction
system (Figure 1). The Ecoplanter is equipped with two rotavator-wheels and two
planting heads without a mound compaction system (Figure 2).
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Figure 1. The Briicke planting machine
and its mounding method. (Photo: Kari Kautto)

Time studies were conducted during planting (containerised Norway spru-
ce). After planting, the density and the quality of site preparation and planting was
analysed with measurements of the seedlings. Mound classification was based on
the main material of the mound surface layer.

Figure 2. The Ecoplanter planting
machine and its mounding method.
(Photo: Ecofrisen Ab)

The condition and the height increment of the seedlings were surveyed af-
ter the first and the second growing seasons. The condition of the seedlings was
analysed subjectively based on health. The classes employed were: health, weake-
ned, dying and dead.

Planting cost calculations for the machines were made using a four month
planting or mounding season with a two-shift routine. Outside the planting season,
harvesters worked on logging and excavators on excavation work. The annual ope-
rating costs for planting (labour, fuel and lubricants, repair and maintenance,
transport) and capital costs of the planting period were included. Wages of the fo-
rest workers in manual planting was based on piece-rates and work difficulty fac-
tors from collective agreements including supervision supplements.

Results

There was little difference in the productivity of the surveyed machines.
The removal of slash improved the work productivity of planting only in the case
of the Brécke. The productivity per effective hour (Ey) with the Bricke was on ave-
rage 198 seedlings with slash and 233 with slash removed (Figure 3); that is to say,
an improvement of about 18 per cent.
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The productivity of the Ecoplanter was on average 223 seedlings per effec-
tive hour (Ey) in both slash treatments (Figure 3). The productivity was surpri-
singly low, although it is possible to plant two seedlings simultaneously with the
Ecoplanter. On the other hand, the Bricke operator was much more experienced in
mechanised planting than the Ecoplanter contractor.
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Figure 3. Work productivity (Ey) of the planting machines.

The quality of the mounding phase differed between the planting machines.
The proportion of ideal mineral soil mounds and good mineral soil-humus mounds
was quite low, especially in the Ecoplanter plots. The quality of mounds was hig-
her both in the mounding (manual planting) and Bricke plots. The proportion of
mineral soil and mineral soil humus mound types was under 20 per cent in the
Ecoplanter plots and about 40 per cent in the mounding and Brécke plots. The ef-
fects of slash removal were slight in all treatments.

The quality of the planting phase also differed between the methods. For
example, sweeping the seedlings immediately after planting was clearly higher on
mechanized planted plots. One fifth of mechanized planted and under one tenth of
manual planted seedlings were at the angles of 15 degrees or greater. Sweeping ef-
fects from mechanized planting were less when slash was removed.

The condition of the seedlings after the second growing season was the sa-
me for both manual planted and Bricke plots, but worse for Ecoplanter plots. The
proportion of dead seedlings by the second growing season was, on average,
10 percent on Ecoplanter plots, 3 percent on Briacke and manual planted plots. The
proportion of weakened and dying seedlings was also the highest on Ecoplanter
plots. The main reasons for lower results with the Ecoplanter were the rotovated
and uncompacted mounds. Pine weevil damage was worse on the Ecoplanter plots
than elsewhere. Differences in the condition and height increment of the seedlings
between planting or slash treatments were not observable.

The planting cost in mechanized planting was, on average, higher than in
manual planting (Figure 4). The Bréicke planting machine was the cheapest planting
method after slash removal on two sites. Planting costs with the Ecoplanter were
about 20 per cent higher than with the other methods. Planting costs of Ecoplanter
were quite high because of high capital and operational costs and low productivity.
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Figure 4. Planting costs by planting methods and slash treatments. Mounding cost in
manual planting is included

Conclusion

Bricke and Ecoplanter planting machines and regeneration chain mounding
and manual planting were surveyed and compared to each other in three different
sites with and without slash removal.

These preliminary results and a previous study [6] show that slash removal
will increase the work productivity and quality of forest regeneration. The compa-
rison between this and earlier studies is difficult, because in practical conditions,
machines and operators skills vary considerably.

The work productivity (Eq) of Briacke planting machine without slash re-
moval was now (on average, 198 seedlings/h Ey) higher than in the other study
(148 seedlings/h Ey) [2]. Very high figures for the Bracke (254 seedlings/h E,) ha-
ve also been published [7]. The increase of productivity with slash removal for the
Bricke machine (18 %) was at the same level than in the previous study (20 %)
[6], but then the machine was equipped with an automatic feed system. The work
productivity of the Ecoplanter without slash removal has been higher (460 seed-
lings/h Eg) [8] than now (on average 223 seedlings/h E;), but similar results
(230 seedlings/h E) [9] have also been reported.

As before [2], these results show that work quality of Bricke planting mac-
hine approaches that of manual planting. In addition, after slash removal, planting
costs were even lower than in chain mounding and manual planting. Work quality
with the Ecoplanter was clearly poorer than with the other methods. At the same ti-
me, the planting costs of Ecoplanter were the highest.

The effects of slash removal, which is becoming more common, are to the
advantage of mechanised planting. In addition, new technology and a worsening la-
bour shortage in forestry will increase the competitiveness of mechanized planting.
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THE SITES WITH FULL-AREA GROUND PREPARATION BY
DOZER AND DREDGER, ITS CURRENT STAGE AND
REVITALIZATION IN 7™ FOREST ALTITUDINAL ZONE OF ORE
MOUNTAINS, CZECH REPUBLIC

The full-area ground preparation by dozer, with apposition to rampart composed by
top holorganic and partly mineral horizons and also after logging remainders, were leaded
to significant degradation of soil environment. Mainly the sites with overburden to mineral
layers of spondick horizons showed contrary values of particular soil characteristics espe-
cially humus and basic saturation. Conversely important predisposition factor for revitali-
zation of dozer enclaves was high potential reserves of nutrition and organic substances
with favourable amount of ration C: N and higher amount of mineral N in organic mineral
ramparts. Today full-area application of organic mineral material with long-term expositi-
on and fermentation especially after logging remainders from ramparts could ensure opti-
mal nutrition and minimal immobilization of N.

Keywords: full area ground preparation, Ore Mountains, nourishment balance

Acnip. Ilagnina CIMKOBA; inoic. /[yman BABPIYEK — Yu-m cinbcokozco
2ocn-ea im. Menoensa, bpno, Yecoka Pecnyonika

IpyHTOBi IiIsSIHKH, CYNLJIBLHO 00p00.1eHi 0y/IbI03ePOM T2 3eMJIEUEPIIAIKOIO,
IX Cy4YacHM CTaH Ta Bi/IHOBJIeHHs Yy 7-ii JiicoBiil BUCOTHIl 30Hi rip Ope,
Yecbka PecnyOitika

Merta aHOi HayKOBOT POOOTH — BUBUMTH BIUIMB OpPraHIYHUX PEYOBUH Ha CTaH IPYH-
Ty Ta Ha JIICOBITHOBJICHHS.
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