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INTRODUCTION 

In Ontario, as in many other areas, hand planting of bare-root 

nursery stock is the most widespread method used in the artificial 

regeneration of cutover forest lands. The main obstacles to the expan 

sion of current planting programs are the high costs involved in 

plantation establishment and the general scarcity of labour for regen 

eration work. Thus, if the forest manager is to deal effectively with 

the increasingly large areas of cutover requiring regenerative assist 

ance, techniques must be devised which will reduce overall establishment 

costs and permit better utilization of available labour resources. 

One approach to the problems associated with high regeneration 

costs is the adoption of containerized planting systems. These offer a 

number of potential advantages—increased manual planting productivity, 

lower stock production costs, better field survival, extended planting 

season—which, if realized, can be translated into reduced establishment 

costs and greater planting capability. 

Exploratory work, at both the experimental and operational 

levels, is currently being carried out at the Great Lakes Forest Research 

Centre to investigate the potential biological and economic values of 
the Japanese paperpot system for use in Ontario (Scarratt 1973). One 
aim of the work is to evaluate the economic efficiency of this planting 

technique in terms of its relative cost efficiency vis-a-vis bare-root 
planting. To this end, operational planting trials with the paperpot 

will commence in 1974. 

This report describes a preliminary planting trial to assess 

the efficiency of, and problems associated with, three tools designed 

specifically for planting paperpot seedlings. The trial involved an 

evaluation of both planting rates and planting quality; it was con 

ducted in the vicinity of the north shore of Lake Huron in August, 

1973. 

METHOD 

Planting area 

The site is situated in Lefroy Township, about 6 miles (10 km) 

north of Thessalon in the Algoma District of Ontario (Section L.10, 

Rowe 1972). Pierpoint (1962) placed this site and the surrounding 

area in the Petawawa landtype, characterized by weakly broken topog 

raphy with deep, deltaic deposits of very low base, stone-free, medium 

sands. Hence, the site presented easy conditions for planting. 

The area was farmed in the late ISOO's after it had been 

logged, but by the turn of the century the land was worked out and 

was abandoned. By 1971 the area supported an open stand of hardwoods, 

mostly trembling aspen (Populus tremuloides Michx.) and white birch 



(Betula papyvifera Marsh.)- In that year the site was seeded experimen 

tally with white pine (Pinus strobus L.), using a modified fire plough 

to clear 2-foot (0.6-m)-wide scalped strips at 6-foot (1.8-m) spacing 

through the standing trees. The seeding was a failure, and the trees 

in the present study were planted directly into the cleared strips, 

which were still fairly free of vegetation. At the time of planting 

(August, 1973))the leave strips supported a light-to-moderate ground 

cover of Pteridiwn aquilinwn (L.) Kuhn, Cornus eanadensis L., Fragaria 

vii'giniana and Solidago spp., with numerous aspen saplings. 

Equipment 

Three planting tools were used in this study (see Frontispiece 

and Fig. 1): 

Figure 1. Tools used in planting trial 

Left to right: dibble, corer, Pottiputki, 

1. Dibble : A solid steel dibble with foot pedal, the whole mounted 

on a galvanized iron cane; local construction; overall 

length 96 cm (38 in.); dibble dimensions - length 7.3 cm 

(2.9 in.), diameter 3.4 cm (1.4 in.) tapering to 3.0 cm 

(1.2 in.). 
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2. Pottiputkil . A steel planting tube with foot-operated jaws at the 
lower end; manufactured in Finland; overall length 

93 cm (37 in.); Jaw depth set for 10 cm (3.9 in.); 
jaw diameter (open) 4.5 cm (1.8 in.). 

3 Corer : A tool similar to a bulb planter, cutting a plug of soil 
and throwing it out to one side; a planting tube is affixed 
to the handle; manufactured in Sweden; overall length 99 cm 

(39 in.); cutter dimensions - length 9 cm (3.5 in.), 
diameter 4.8 cm (1.9 in.) tapering to 3.5 cm (1.4 in.). 

Of the three tools, only the dibble required the operator to 

bend to place the seedling in the planting hole. The other tools per-
mitted planting from an upright position. With the PotUputkv, the tool 
was forced into the ground with the jaws closed; the jaws were then 
opened by means of the foot-operated lever, a seedling dropped down the 
tube and the tool withdrawn. The corer was used in similar fashion to 

remove a plug of soil, but had to be withdrawn to permit the planting 
tube to be sighted over the planting hole. In all cases the seedling 

was firmed with the foot after planting. 

A different plant carrier was used with each tool. Because of the 
necessity for bending, a hand-held wooden tray was used with the dibble. 
A plasticized-canvas basket, supported at the shoulder, was used with the 
PottiputH (Frontispiece), and an aluminum frame and tray, supported at 
the waist, with the corer (Frontispiece). Weights and capacities are 

given in Table 1. 

Planting ovew 

A crew of three planters (casual labour) and one supervisor 

(departmental) were employed for the planting trial. After a short 
period of instruction the planters were given a full day Co familiarize 

themselves with the use of the tools before starting the trial proper; 

a different tool was then tested on each of three consecutive days. 

Planting started with the dibble, followed by the Pottiputki and corer 

on the second and third days, respectively. 

The planters worked, on the average, an 8-hour day less one hour 

for lunch; there was no daily planting quota, and the available planting 
time2 averaged 6.5 hours per day. High temperatures and very high relative 

humidity during the trial proved to be extremely exhausting. 

1 The identification of commercial products in this report is for the 

information of the reader and does not constitute endorsement by the 

Great Lakes Forest Research Centre. 

2 Available -planting time - the time within the specified work day, 

less the lunch period, during which trees could theoretically be 

planted. 



Table 1 Weights and carrying capacities of planting tools and 

associated plant carriers 

Planting Planting tool Capacity of Loaded weight 

Cool weight plant carrier of plant carrier 

(kg)£ (FH308 paperpots) (kg)a 

Dibble 2.01 

Pottiputki 2.72 

Corer 1.75 

90 

240 

110 

3.32 

6.80 

3.42 

Conversion factor: 1 kg = 2.205 pounds 

Planting stock 

The planting stock was 16-week-old jack pine (Pinus banksiana 

Lamb.) in FH 308 paperpots (diameter 3 cm (1.18 in.); depth 7.5 cm 

(2.95 in.)). The seedlings had been grown for 12 weeks under greenhouse 

conditions at the Great Lakes Forest Research Centre in Sault Ste. Marie, 

and were transported to the planting site early on the day planting 

began. At the planting site, unplanted seedlings were watered daily. 

Average seedling dimensions at the time of planting were as 

follows: shoot height 118 mm (4.65 in.); root-collar diameter 1.35 ram 

(.053 in.); oven-dry weight (158°F or 70QC) 520 mg; shoot/root ratio 

2:1. Although the seedlings were rather small for their age, the roots 

were generally overdeveloped. In many instances, roots had grown 

through the container wall into adjacent containers (Fig. 2), making 

for difficulties in separating individual containers for planting, and 

necessitating fairly heavy culling to exclude seedlings which had suf 

fered severe root damage. The problem may be attributable to the size 

of container employed and the fact that seedlings were held too long 

before planting. 

Planting procedure 

The scalped strips were oriented east-west and ran the full 

width of the planting site, a distance of approximately 11 chains 

(221 m). The planters worked abreast in adjacent strips and maintained 

the same relative position, one to another, on turn-around at the com 

pletion of each traverse of the site. Trays of seedlings were stationed 

at each end of the site - in the case of the plant carriers used with 

the dibble and corer it was necessary to replenish the carriers after 

each pass. However, the carrier used with the Pottiputki held a suf 

ficient number of seedlings to permit the planter to return to a single 

reloading point. 



Figure 2. 16-week-old jack pine seedlings similar Co those used 

in planting trial, showing overdeveloped rooting. 

Plant spacing was 6 feet (1.8 m) within the rows; in general, 

site conditions presented no obstacle to the observance of correct 

planting distances. 

Work study 

The planting operation was evaluated by standard work study 

procedures (Carson 1964; Anon. 1970; Vyse 1973). Both an activity 

analysis and a planting-cycle component analysis were conducted. 

The data were subjected to analyses oi variance. 

The activity analysis was based on a continuous time study 

of each planter for each day of planting. The analysis provides a 

breakdown of the available planting time into categories of observed 

activities. This type of analysis permits both an evaluation of 

organizational efficiency and a measure of planting productivity. 

The planting cycle components were measured using a systematic 

sampling procedure based on a 10-minute time sample taken at half-hourly 



intervals during the working day (Anon. 1970). The planting cycle in 

cludes all steps involved in planting a single tree; the components 

recognized were (1) walking between planting positions, (2) making the 

planting hole, (3) selecting a tree from the plant carrier, (4) planting 

the tree in the prepared hole, and (5) tamping the ground around the 

seedling. The planting cycle component analysis permits an evaluation of 

the relative efficiency of the tools and planters, and enables the ana 

lyst to investigate differences as they relate to the planting cycle. 

Assessment of planting quality 

The assessment of planting quality was related entirely to the 

depth and packing of seedlings, factors partly under the control of the 

planter but subject to influence by the type of planting tool used. No 

account was taken of planting position or of other factors entirely under 

the control of the planter. 

For each planting tool, four assessment plots of 25 seedlings 

each were established for each member of the planting crew. The plots 

were marked as planting progressed and, as far as possible, were estab 

lished at the same time of day for each planting tool, vis.: 0900, 1100, 

1300 and 1500 hours. 

Seedlings were assessed as either planted flush with the ground 

(as instructed), planted too deep (shoot partly buried), or planted too 

shallow (container, growing medium and some roots exposed). Air pockets 

around the buried container, determined by probing, and deep depressions 

made by overzealous tamping were also recorded. 

RESULTS 

Work study 

The results of the work study are summarized in Appendices 1 

(activity analysis) and 2 (planting cycle component analysis). 

The activity analysis shows that, on average, planters spent a 

greater proportion of their time in a planting mode when using the dibble 

(81.9%) than with either the Pottiputki (75.8%) or corer (72.8%). This 

is reflected in the higher estimate of average daily production for the 

dibble compared with that for the other tools (1582, 1305 and 1437 trees 

per 7-hour day, respectively). However, it: is not to be inferred from 

this that the dibble was the most efficient tool; in terms of average 

planting speed the dibble and corer were very similar in performance 

(4.6 and 4.7 trees per minute), while the Pottiputki was slower at 

4.1 trees per minute. 

The planting cycle component analysis showed significant differ 

ences among planters in terms of the average total time taken to plant 



each tree, averaged over all planting cools; planter No. 1 was consistent 

ly the slowest and planter No. 3 the fastest. In general, the relation 

ship between planters was similar for all components of the planting cycle. 

Averaged over all planters, the total planting time per tree was 

significantly greater for the PottiputH than for other tools. However, 

it is evident that the differences were greatest for the slow planters, 

the fastest planter performing equally well with all three tools 

(Appendix 2, Section A). 

Figure 3 illustrates the breakdown of total planting time per 

tree into the planting cycle components for each of the three cools. For 

the crew as a whole, total planting times with the corer and dibble were 

very similar, although dibble-planted seedlings required significantly 

less tamping than those planted with the corer. However, this was offset 

by the longer time taken to plant seedlings in the hole prepared by the 

dibble. With the PottiputH, the main contributor to the lower planting 

rate was the significantly greater amount of time spent in planting the 

tree in the prepared hole (Appendix 2, Section E). Average digging time, 

on the other hand, was significantly faster with the Pottiputki than with 

other tools. 

Planting quality 

The poorest planting was considered to be that which resulted in 

shallow placement of trees, exposing the container and rooting medium to 

desiccation, or that which left air pockets around the planted container. 

For the planting crew as a whole, no significant differences in 

planting depth were attributable to the type of tool used (Appendix 3). 

Overall, 60.2% of the seedlings were planted as instructed, 11.5% too 

deep, and 28.3% too shallow. However, planter performance was by no 

means uniform with the three tools. For example, planter No. 2, who 

consistently planted the largest number of seedlings at the correct depth 

with all tools, planted significantly more seedlings too deep and signif 

icantly fewer too shallow with the corer than did the other planters. In 

general, instructions regarding planting depth were not well observed by 

planters 1 and 3. 

Adequate firming of planted seedlings is always difficult to en 

force, and differences between planters were anticipated. It was there 

fore no surprise to find that the incidence of air pockets around the 

planted container was consistently highest for planter No. 1. For the 

crew as a whole, the use of the Pottiputki and corer led to a significant 

increase in the incidence of air pockets compared with dibble planting. 

Deep planting, although contrary to the instructions issued, is 

not necessarily disadvantageous, and in moderation may favour survival. 

Thus, we may broaden the limits of acceptable planting quality to include 

all seedlings planted flush with the ground and too deep, but excluding 
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tlu.se with air pockets. On the basis of these criteria there were no 
Significant differences in planting quality attributable to the type of 

planting tool used (Appendix 3, Section E). 

DISCUSSION AND CONCLUSIONS 

This small-scale planting trial was conducted partly tc identify 
problems associated with the paperpot system in the field and partly to 
provide a preliminary evaluation of planting tool performance before 
embarking on operational-scale trials. It was not concerned with max 
imizing planting productivity, and no claims are made as to the adequacy 
or otherwise of the planting rates achieved; rather, the concern was to 

identify constraints which might be imposed upon planting efficiency by 

the use of a particular planting tool. 

Since each planting tool was used for one day only, and on a 

fairly easy site at that, the results must be treated with caution. 

Obviously, none of the tools was subjected to much stress, and no 
mechanical breakdowns occurred. However, after observing each of these 
tools in action, we conclude that they all possess disadvantages and 

that none is suitable for all soil and site conditions. 

The PotHputki was specifically designed for use with paperpots 

and is widely used in Scandinavia. In the present study, it reduced 

digging time significantly compared with the other tools, mainly because 
it was not removed from the planting hole prior to planting the seedling. 
However, as a result of the significantly longer time taken to plant the 

tree in the hole, the total planting time per tree was greatest for the 
PottiputhC. This may be attributed in part to the character of the 

planting stock, which was such that seedlings got caught in the planting 

tube instead of dropping freely; better control of stock quality is the 

obvious remedy. A further problem involved the operation of the 

planting tool jaws on this particular site. If the jaws were opened 

before the seedling was dropped down the tube, soil (moist medium sand) 
would fall into the cavity so produced, resulting in shallow planting. 
On the other hand, a reversal of this procedure would cause seedlings to 

become caught in the opened jaws if soil fell into the hole, with the 

result that the seedling would be withdrawn with the planting tool. These 

problems might not occur in other soils, in which case an improvement in 

planting times could be expected. 

The corer performed efficiently on this site, and was the tool 

most favoured by the planters. The soil was sufficiently moist for the 

planting hole to retain its shape when the tool was removed, and this 

greatly facilitated planting; in drier soils material falling back into 

the hole might become a problem and slow down planting rates. The 

corer had two faults, both easily remedied: 1) because there was no depth 

stop, it was difficult to achieve the correct planting depth consistently, 

and 2) because the planting tube was too short, ground vegetation was 

able to deflect seedlings away from the planting hole. 
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We were surprised that planting rates obtained with the dibble 

were similar to those obtained with the corer. With the dibble the 

planter was forced to bend to place the seedling in the planting hole, 

a far more strenuous operation than dropping a seedling down a planting 

cube. Yet the planting component time was not dramatically greater for 

the dibble than for the corer. We suggest that the extra time taken in 
sighting the planting tube of the corer over the planting hole accounts 

for the similarity in planting times. A planting tube could, of course, 

be attached to a dibble to avoid fatigue due to bending, thereby elimi 

nating differences in planting action between the two tools. 

Problems encountered in the control of planting depth have 

already been noted, although planter negligence was undoubtedly respon 

sible for much of the shallow planting observed. The incidence of air 
pockets around planted seedlings was clearly lower with the dibble than 
with other tools. This may be attributed largely to differences in the 

size of planting hole made by the three tools, and is reflected in the 
significantly lower tamping time required with the dibble (Appendix 2, 
Section F). Both the corer and the Pottiputki were designed for planting 
paperpots up to the 408 (4-cm (1.56-in.)-diameter) size; the dibble was 

made specifically for the 308 paperpot and produced a smaller, more 

easily closed planting hole. It would be practical to use a smaller-

diameter corer, but a reduction in the diameter of the Pottiputki tube 
or jaws would almost certainly intensify the other problems experienced 

with this tool. 

None of the tools appeared suited to a wide range of site condi 

tions. The corer is well suited to stone-free soils, and has the 

distinct advantage of not causing compaction of soil around the planting 

hole. On heavy clays or stony soils, it may easily become plugged, while 
abrasion of the tool's cutting edge on stony soils is likely to cause a 

rapid loss of efficiency. The Pottiputki appears suitable for a wider 

range of soils, provided that no large stones are present which might 

prevent the jaws from opening; it is least suited to sandy soils. 
However, it is anticipated that the protruding foot lever on this tool 

will create difficulties in moderately dense ground vegetation or under 
heavy slash conditions. Previous experience with containerized planting 

in Ontario showed that the simplest planting tool was generally the most 
successful. Consequently, we should not discount the simple dibble; on 
soils not subject to compaction, and particularly on drier sands, it is 

an efficient tool. By fitting a planting tube, as suggested earlier, 

operator fatigue may be reduced. 

On the basis of our limited experience in this trial, we conclude 

that each of the tools tested has application in the planting of paperpot 

seedlings, although none appears suited to universal use. The site 

conditions under which we feel each tool might be used to its best advan 

tage are outlined above; however, large-scale user trials are obviously 
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necessary to determine fully the limitations of each tool under the range 

of site conditions likely to be encountered. While use of the different 

tools did not result in major observable differences in planter produc 

tivity or planting quality in this trial, differences in planting 

efficiency should perhaps be anticipated under more difficult site condi 

tions . 

The type of plant carrier used did not significantly affect plant 

selection time, although all planters disliked the hand-held tray. From 

a practical point of view, the shoulder-supported basket appeared most 

suitable for operational use because of its greater carrying capacity. 

However, the waist-supported tray was said to be more comfortable to 

wear; the use of a back-pack carrier might therefore be considered in 

order to increase carrying capacity. It was observed that neither of the 

last two plant carriers was conducive to frequent bending on the part of 

the planter. 
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APPENDIX 1 

Activity analysis for three planting tools (average over all planters) 

GROSS PLANTING CYCLE TIME 

less 

Planting Cycle Activity Time 

1. Tree supply 

2. Line change 

3. Base line change 

4. Load and unload stock 

5. Miscellaneous 

Total 

NET PLANTING CYCLE TIME 

Estimated no. of trees 

planted per 7-hr work 

day (420 min = APT)3 

Average planting speed 

295.5 86.2 366.1 84.4 329.4 80.9 

10.7 

3.2 

0.9 

14.8 14.; 

280.7 

4.3 

81.9 

29.1 

7.4 

1.0 

37.5 37.5 

15.0 

17.0 

1.0 

8.6 33.0 33.0 ;.l 

328.6 75 

1582 

4.6 trees/min. 

12.97 sec/tree 

1305 

4.1 trees/rain. 

14.64 sec/tree 

296.4 72. 

1437 

4.7 trees/min. 

12.73 sec/tree 

Table format adapted from Vyse, 1973 

APT = available planting time 

Estimates based on planting time per tree as derived from planting cycle component 

analysis (Appendix 2) 



APPENDIX 2 

Planting cycle component analysis 

Planter 1 Planter 2 Planter 3 

A. Total planting time pep tree (sea) 

Mean 

Dibble 

Pottiputki 

Corer 

Mean (*) 

Dibble 

Pottiputki 

Corer 

2 
Mean (A) 

Dibble 

Pottiputki 

Corer 

Mean (*) 

Dibble 

Pottiputki 

Corer 

Mean (*) 

14.20 

16.44' 

13.48 

14.71 

be 

12.41 

14.18 

13.03 

13.21 

be 

12.30 

13.29 

11.69* 

12.43 

be 

B. Average walking time per tree (sec) 

2.86' 

2.69 

1.73 

1.67' 

2.04 

1.81 

be 

2.89 

2.02 

2.13 

2.35 

be 

be 

C. Average digging time per tree (sea) 

2.97 

1.62 

2.461 

2.35 

cd 

2.50 

1.25* 

2.401 

2.05 

ab 
2.00 

1.49 

1.58 

1.69 

be 

cd 

cd 

D, Average selecting time per tree (sec) 

abC 

4.13 

4.07 

3.81 

3b 

3.35 

3.05 

3.28 

aC 

bc 

3.03 

3.05 

3.17 

3.08 

abc 

be 

abc 

12.97 

14.64 

12.73 

(NSr 

2.43 

2.08 

2.34 

(*) 

2.49 

1.45 

2.15 

(NSr 

3.20 

3.54 

3.43 

(continued) 



APPENDIX 2 (concluded) 

F. Average tarn-ping time per tree (sec) 

1.90 

Within the body of each table, there is no significant difference 

(p = 0.05) between means followed by the same superscript. 

2 

Indicates significant (*) or nonsignificant (NS) differences between 

two or more main treatment means at the p «= 0.05 level. 

Planting here refers to the action of placing the tree in the 

planting hole. 



APPENDIX 3 

Planting quality as affected by planting tool and planter 

- percentage of seedlings in various categories 

Planter 'I Planter 2 Planter 3 

A. Seedlings planted flush with ground 

r 

Dibble 

Pottiputki 

Corer 

2 

Mean (*) 

Dibble 

Pottiputki 

Corer 

2 
Mean (*) 

57.3 

7ab 

9.0 

C. Seedlings planted too shallow 

41 

34.3 

40 

20 
ab 

9* 

17.0 

41 

33.7 

D. Seedlings badly tamped (air pockets) 

39 

38b 

32.7 

30 
ab 

.ab 
26' 

23.3 

17 

16a 
25ab 

19.3 

Mean 

(NS): 

61.7 

60.0 

59.0 

9.7 

13.0 

11.7 

(NS) 

28.7 

27.0 

29.3 

17.3 

28.3 

29.7 

(continued) 



APPENDIX 3 (concluded) 

Planting quality as affected by planting tool and planter 
r 

percentage of seedlings in various categories 

Planter 1 Planter 2 Planter 2 

Seedlings planted flush with ground and too deep 

(excluding those with air poakets) 

Mean 

Dibble 

Pottiputki 

Corer 

2 

Mean (*) 

76^ 

68 
abc 

.be 

77 

56.7 

74 

72.7 

abc 
57 

64.7 

68.0 

66.0 

60.0 

Within the body of each table, values with the same superscript do not 

differ significantly at the p « 0.05 level. Values are the mean of 

four replications, each consisting of 25 seedlings. 

Indicates significant (*) or nonsignificant (NS) differences between 

two or more main treatment means at the p = 0,05 level. 
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