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INTRODUCTION 
n 1997, Manifor Inc., a subsidiary of Avenor Inc., conduc-
ed a trial of commercial thinning in jack pine plantations 
ear Maniwaki (Que.). The plantations were 25 years old 
nd had been planted using agricultural-type planting ma-
hines. Manual felling was followed by full-tree extraction 
sing Timberjack 230 cable skidders or comparable ma-
hines (Figure 1), and a stroke delimber performed roadside 
elimbing. FERIC studied this operation in November 1997. 

 
Figure 1. Extraction by cable skidder 

 in a jack pine plantation. 
 

tudy conditions 

he jack pine in the plantation exhibited a high degree of 
aper, low height, and high branchiness. Row spacing ranged 
etween 2.4 and 3.0 m, for an average of around 2.5 m. The 
pacing within each row was tighter (averaging 1.75 m), for 
n initial density of around 2280 stems/ha at the time of 
lanting. Subsequent natural mortality had reduced the 
ensity to around 1600 stems/ha at the time of the first 
hinning. The sandy site provided ideal conditions for 
arvesting, with no significant obstacles or slopes, and the 
round was lightly frozen at the time of the study. 

he target removal intensity was 35% of the pretreatment 
ensity. The preferred approach was to systematically 

remove one row in five (the “1-in-5” approach), with addi-
tional selective removal of stems in the leave rows between 
the extraction trails. An alternative evaluated during 
FERIC’s study involved the removal of one row in three 
(the “1-in-3” approach), with no selection harvesting be-
tween the trails. Table 1 presents the pre- and post-treatment 
stand characteristics for these two approaches. Because of 
gaps present within the rows and insufficient removal 
intensity between the extraction trails in the study area, the 
thinning objective was not attained with the 1-in-5 system. 

 
Table 1. Pre- and post-treatment stand characteristics 

Removal intensity 
1-in-5  1-in-3 

 

Before After  Before After 
Density (stems/ha) 1590 1250  2060 1380 
Basal area (m²/ha) 26 21  32 21 
Merchantable volume (m³/ha) 135 110  123 83 
Average diameter (cm) 14.4 14.6  13.8 13.8 
 

 

RESULTS 

Manual felling and cable skidding 

Table 2 presents the productivity of the workers who 
performed the manual felling and the extraction by cable 
skidder. The productivity of manual felling ranged from 
58 stems per productive hour with the 1-in-5 approach to 
110 stems per productive hour with the 1-in-3 approach. The 
former approach was slower because of the difficulty of 
felling stems in the between-trail strips. However, this lower 
productivity had little effect on the system’s overall output 
because felling productivity was equal to or greater than that 
of the skidder. With the two approaches that were studied, 
fellers paused when necessary so as to match their produc-
tion with that of the skidder. With the 1-in-3 method, it 
might have been possible for a single feller to supply two 
skidders, particularly if extraction occurred over long dis-
tances. However, fellers would have to maintain a fast pace, 
which would be difficult to sustain for long periods, and the 
risk of an accident would increase. 
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Table 2. Productivity of the manual felling and cable 
skidding 

Approach  
1-in-5 1-in-3 

Manual felling   
Productive hours observed 5.1 2.5 
Stems/productive hour (trails) 73 110 
Stems/productive hour (intertrails) 30 n.a. 
Stems/productive hour (average) 58 110 

Cable skidding   
Productive machine hours (PMH) observed 5.8 2.9 
Stems/PMH @150 m 49 55 
Volume/PMH (m³)a 3.8 4.3 

Estimated direct hourly cost 
for the operation ($) 99.45 99.45 

Total cost ($/m³) 25.85 23.22 
a Based on an average volume of 0.078 m³/stem. 

 
The felling technique that was used maximized productivity 
within the context of a thinning operation; during felling, the 
crowns of the felled trees were directed towards trees in an 
adjacent row with the objective of hanging the tops of the 
felled trees. This facilitated the skidder operator’s task of 
choking the stems compared with choking stems lying flat 
on the ground. In addition, this also promoted stem align-
ment during winching. However, this “domino effect” 
method of harvesting posed a risk of accidents and would 
not ordinarily be permitted in a manual felling operation. 
The low stem volumes and the difficulty of gathering a full 
load decreased skidding productivity, certainly below the 
mechanical capacity of skidders of this size. Working within 
the rows and the resultant felling and choking techniques 
that were used during the study limited the number of stems 
that could be extracted per trip to between 10 and 12, which 
amounts to less than 1 m³ of merchantable volume. 

Extraction productivity was a bit lower with the 1-in-5 
approach than with the 1-in-3 approach because more time 
was required to choke the fallen stems in the area between 
trails. 

Winching of the full-tree stems posed no particular prob-
lems, but could lead to stem breakage, particularly if the 
stems had not fallen in the correct direction during felling. 
In contrast, very little wounding of residual trees was 
observed, whether caused by rubbing from the skidder or 
winching. The large trail width (5.0 m) once a row had been 
removed and the high mechanical strength of jack pine bark 
could account for this observation. 

Mechanized delimbing 

Delimbing was performed by a Denis stroke delimber 
mounted on a John Deere 693 carrier. Table 3 presents the 
measured productivity for the delimber. Because of the high 
degree of branchiness of the jack pine, the operator pro-
cessed only a single stem at a time so as to maximize the 
delimbing and topping quality. This, combined with the 
machine’s age (9 years), led to a much lower productivity 
than what is usually observed with this type of machine. 

Table 3. Delimber productivity 
Productive machine hours (PMH) observed ........................ 4.5 
Stems/PMH ......................................................................... 167 
Volume/PMH ...................................................................... 13.03 
Estimated direct hourly cost ($)........................................... 89.53 
Cost ($/m³)........................................................................... 6.87 
 

 

DISCUSSION AND CONCLUSIONS 
Commercial thinning in plantations by means of manual 
felling, extraction by cable skidder, and mechanized delim-
bing proved relatively expensive. This was attributable pri-
marily to the low stem volumes, which are typical of this 
type of treatment. In addition, the cable skidder was unable 
to maximize its load because of interference from the 
residual trees and the arrangement of the stems to be choked 
within the rows. In both cases, the use of accessories such as 
lightweight cables or sets of detachable chokers could have 
improved productivity. 

The 1-in-5 and 1-in-3 approaches gave similar productivities 
and costs, although the 1-in-3 approach proved to be slightly 
cheaper ($30.09 versus $32.72 per m³ for the felling, ex-
traction and delimbing), primarily because the trees between 
the extraction trails were more difficult to recover with the 
1-in-5 approach. 

The 1-in-3 approach provided relatively even spacing (i.e., 
an opening on one side of the crown) to all the stems of the 
residual stand. However, it did not permit an increase in the 
average diameter of the residual stand and created a very 
open stand structure. In addition, future increases in volume 
per stem may be achieved at the risk of decreased wood 
quality because of increased branchiness and an increase in 
stem taper. 

Another solution involving removal of every fourth row 
(a 1-in-4 method) could prove attractive. This would decrea-
se costs only slightly compared with the 1-in-5 system, but 
could provide better spacing in the middle leave row. This 
approach would lend itself to a subsequent second thinning 
in which only the central row would be removed, thereby 
providing uniform spacing for the two remaining residual 
rows. 
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