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Executive Summary

Finding experienced, competent and cost-effective planters in New Zealand is becoming increasingly challenging,
prompting some corporate forest owners to explore mechanised alternatives to improve productivity and reduce
reliance on a shrinking labour force. In response to this challenge, Pan Pac Forest Products imported and trialled
the PlantmaX mechanised planting machine from Sweden in 2023. This report presents the findings from the 2025
planting season utilising the PlantmaX in Pan Pac’s Hawkes Bay forests, focusing on productivity, efficiency, and
machine limitations.

The study, conducted in collaboration with Forest Growers Research (FGR) and Forme Consulting Group, utilised
time and motion studies alongside captured GPS data to analyse machine utilisation, operational efficiency, and
planting locations. Initial study results indicate that the PlantmaX achieves an average planting rate of 941 trees
per hour, with daily productivity reaching approximately 5,242 seedlings. However, machine utilisation was only
61%, highlighting that the machines forwarder-based configuration is causing operational inefficiencies and
avoidable delays in the variable New Zealand terrain.

Standard costing methodologies, based on a seasonal operational period of 80 days per year (four months
planting throughout Winter), suggest that the PlantmaX can achieve competitive planting costs of $0.94 per
seedling (or $780/hectare planted at 833 stems) excluding tree stocks. However, this cost also includes
mechanical land preparation, typically in the range of $300 - $500 per hectare. Sensitivity analysis on utilisation
through improved efficiency indicates that a higher utilisation could further reduce planting costs to approximately
$680/hectare including land preparation. Assuming a $0.50c seedling cost, planting at 833 stems per hectare
including mechanical land preparation could be completed for as low as $1,100 per hectare, indicating potential
cost savings from the outset of a forest rotation which will have an effect on the whole economic feasibility of
forestry in New Zealand.

Despite its high productivity on suitable terrain, PlantmaX faces notable limitations in New Zealand’s forestry
conditions, including:

e Alarge turning radius (20m+), causing downtime and inefficient route planning.

e Challenges in manoeuvrings over uneven terrain, often leading to machine stoppages.

e Limited effective coverage, with only 55% of logging blocks being plantable due to terrain and machine
constraints.

Therefore, while PlantmaX presents a promising mechanised planting solution on appropriate terrain, its future
success in New Zealand will depend on targeted modifications to its carrier base platform and to address these
challenges, an adaptation phase is underway between FGR and Pan Pac to enhance the machine’s suitability for
New Zealand forestry operations, with the aim of modifying the machine base to a more suitable (i.e. not forwarder
based) configuration.
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Introduction

Pan Pac Forest Products (Pan Pac) imported a
PlantmaX mechanised planting machine in 2023,
with the aim of increasing productivity in planting
operations and reducing the reliance on
unsustainable and unreliable labour pools. The
PlantmaX is a forwarder-based planting machine.
The PlantmaX has been trialled throughout two
planting seasons, 2023 and 2024, in Pan Pac’s
Hawkes Bay forests, with significant testing and
experimentation on planting, planning, methods and
suitability for New Zealand conditions.

In 2024, Forest Growers Research (FGR) and Forme
Consulting Group (Forme) assisted Pan Pac with a
study to quantify machine productivity, through use of
time and motion studies that analysed planting
efficiency, downtime and utilisation of the machine.

The objective of this report is to present the results of
the time and motion studies as well as summarise the
data on tree location captured by the PlantmaX and
provide an estimate of productivity as determined by
the GPS analysis and time and motion study results.

Mechanised Planting in New Zealand

Mechanised Planting in New Zealand is not a new
concept. It has been done since the days of the
forest service, however, perhaps in a more
rudimentary format (Baker, 2018).

Two mechanised planting platforms have recently
been tested in the New Zealand terrain, the
PlantmaX and the excavator-based M-Planter (Bayne
et al., 2023). These are two very different
mechanised planting systems both with potential to
provide a solution to different scenarios within the
New Zealand planted forest environment.

e The PlantmaX is a high-productivity machine
(~1000 plants per hr) which is likely to be
suitable to the flatter and rolling cutover
terrain under 25° and also when converting
from ex-pasture to forest.

e The excavator-based systems, such as the
M-Planter, are typically lower productivity
machines (<200 plants per hr), however, they
are better suited to planting in variable,
complex and steep terrain.

There is no one size fits all solution and, ultimately, it
is likely that we will see a mix of mechanised planting
systems working in combination with manual
planting.

PlantmaX Machine

The PlantmaX is a forwarder-based mechanised
planting machine. It consists of an Ecolog forwarder
base, with the PlantmaX attached to the rear of the
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forwarder in the place of a traditional log bunk. The
machine also has scarifier arms attached between
the front and rear drive wheels, mounted near the
crane in the centre of the machine. These scarifiers
are generally operated automatically and can be
programmed to spot cultivate or operate
continuously. These scarifiers also have a couple of
configurations which allow for differing levels of
soil/slash disturbance.

The PlantmaX planting unit consists of a cab, which
contains a second operator, operator controls for the
planting arms, as well as seedling storage and
loading.

The hydraulic planting arms consist of an air/water
powered jet which drives seedlings into the earth.
These are programmed at a set width and spacing,
which along with machine speed allows for
appropriate seedling spacing and stocking per
hectare.

The water jets can also be mixed with fertilizer or

chemicals for weed control as required, potentially
minimising repeat applications and saving money

across forestry operations in the long run.

Work Study

Working in collaboration with Pan Pac, Forme helped
to design a time and motion study with the aim of
understanding the key operating elements defining
the PlantmaX performance. The time and motion
study were completed by Pan Pac staff on the
ground over 3 separate days in August 2024.

Operational time (defined as the period when the
machine was actively planting) was monitored as well
as machine delays, which were categorised and used
in the data analysis where appropriate.

The key work (time?) elements captured during the
study were:

e Planting time

¢ Planting with one arm time
e Positioning to run time

e Turning time

e Loading time

o Feeding Issues

e Dodging Obstacles

e Refuel Forwarders

e Forwarder issues

These were categorised into productive and
unproductive elements and the unproductive
elements were further categorised into avoidable and
unavoidable delays.

Table 1 outlines the results of the time and motion
studies.
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Table 1: Time and motion study data results and
observations summary (G: General, I: Included, AD:
Avoidable Delay, UD: Unavoidable Delay)

Time and Motion Study Analysis

Productive Time: 429.022 60.6%
Unproductive Time: 278.461 39.4%

Total Time Entry % of
Element Name Type [min] Count Rated Time
<All elements> G 707.483 411 100.0%
DELAY
Dodging obstacles ub 9.780 22 1.4%
Feeding issues G 87.160 27 12.3%

Jamed tubes

Operator issue feeding

Forwarder issues G 30.694 16 4.3%
Forwarder break down ubD 2.602 1 0.4%
Forwarder stuck ub 28.091 15 4.0%

Loading uD 8.139 1 1.2%

Other delays

Planting | 403.406 172 57.0%

Planting one arm | 25.356 38 3.6%

Positioning to run ub 38.723 36 5.5%

Refuel forwarder ubD 10.076 2 1.4%

Turning ubD 63.322 79 9.0%

The results of this analysis identified that an average
utilisation of only 61% was achieved across the trial.
This was a result of a number of factors including
breakdowns, machine configuration and terrain.

The identified limitations of the machine form factor
will be discussed more broadly in a later section in
this report, the majority of these relating to the
forwarder base. However, the PlantmaX planting unit
also had a few issues such as the seedling tubes
becoming jammed, either by mechanical or operator
fault.

While a 61% utilisation seems low, simple factors
such as increased machine operator experience,
route planning and also improved planting stock
specifications for machine planting could decrease
time lost to avoidable delays.

GPS and LiDAR analysis

The PlantmaX captured information for every tree
planted, including the GPS location of the planted
tree and a few characteristics such as speed of the
machine during planting. An example of the individual
tree location data in a stand is presented in Figure 1
below.
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Forme was given access to GPS data collected from
the machine over the period 11/07/2024 to
21/08/2024 when the machine was planting in Pan
Pac’s Kaweka forest. These data were analysed to
determine key variables defining machine
productivity. Key points to note include:

e Approximately 32.7 hours of data has been
incorporated into our analysis which covers the
planting of approximately 30,770 seedlings, 34.2
hectares of planted area and 63 km of total
machine travel distance.

o All recorded operations were undertaken on
gentle - rolling terrain with average site slopes
ranging from 6° to 10° with a weighted average
slope of 7.9°.

Table 2 outlines a summary of the data, by planting
area or machine “run” (defined as the planting time or
connected ‘line’ from the first tree planted in a
planting phase to the last tree planted in a planting
phase). The table outlines the run number, date, area
covered during planting, the total linear distance
planted, the number of trees planted in that run, and
the total time in that run, including any turnarounds,
average operating slope and average speed
throughout the planting run.

Table 2: GPS Data Summary

Travel Distance Trees Average Operating Avg Speed

Run Date Area (ha) (m) Planted Time (min) Slope (%) (km/hr)
1 11-Jul 18 3670 1543 199 6.2 110
2 15-Jul 1.4 3342 1568 125 7.5 155
3 15-Jul 2 3912 2155 172 8.6 136
4 16-Jul 2.7 4627 2374 227 8.7 122
5 19-Jul 15 3493 1868 121 7.6 172
6 19-Jul 11 2095 993 80 9 157
7 29-Jul 3.2 6123 3108 171 9.6 2.14
8 29-Jul 1.4 2677 1306 85 10.3 189
9 30-Jul 25 4586 2107 124 10.3 2.22
10 30-Jul 0.6 750 427 36 8.4 124
1 1-Aug 0.9 2062 1038 67 7.8 1.86
12 2-Aug 3.8 4599 2465 132 6.6 2.09
13 13-Aug 4.4 6551 3666 210 6.7 187
14 14-Aug 4.5 8993 5042 226 6.7 2.38
15 21-Aug 2.4 5715 2653 185 8.1 185

The first run has been removed from the data and
further analysis as it was the first planting activity for
the machine of the season, and we believe it to be an
outlier.
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Table 3: Planting capacity of PlantmaX based on GPS

metadata
Run Date  Planting Capacity (Trees/hour)
1 HHul 465
2 15-Jul 753
3 15-Jul 752
4 16-Jul 627
5 19-Jul 926
6 19-Jul 745
7 29-Jul 1091
8 29-Jul 922
9 30-Jul 1020
10 30-Jul 712
11 1-Aug 930
12 2-Aug 1120
13 13-Aug 1047
14 14-Aug 1339
15 21-Aug 860
Weighted Average d 941
-4 -
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Table 3 outlines the calculated planting capacity of
the PlantmaX and the calculated weighted average
(excluding run 1). The planting capacity ranged from
627 trees per hour to 1339 tree per hour, with a
weighted average capacity of 941 trees per hour.

The average machine speed over each run, including
turnarounds, against the average slope of the
planting run is presented in Figure 2. Machine speed
ranged from 1.10 km/hour to 2.22 km/hour.
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Figure 2: Average speed of run vs average slope of run

These data indicate no strong relationship between
machine speed and slope. This outcome is likely due
to the minimal variance between different planting
sites (or runs) as they were all on similar, gentle
rolling terrain with only small areas of steeper terrain
(<25°) which are more likely to be planned for based
on the machine’s current turning radius rather than
the machine’s ability to navigate a slope. The
machine speed is more likely to be affected by other
factors such as ground conditions affecting traction
(e.g. slash levels, soil type), turning times, straight
line planting distance or operator ability. The only
variable we have from the above is average straight
line planting distance. We assessed speed against
average straight line planting distance to determine if
there was a relationship (Figure 3).
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Figure 3: Average planting speed vs row distance

The positive trend suggests that planting speed tends
to improve with a longer straight-line planting
distance. However, the low R? value also indicates
the current sample size is small and that it is still
likely that other factors influence planting speed. As
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would be expected, the number of trees planted per
hour increased as the average speed of the machine
increased (Figure 4).
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Figure 4: Average trees per hour vs PlantmaX travel speed

Therefore, putting the data from Figure 3 and 4
together, trees planted per hour will likely increase if
row distance is increased (Figure 5). It is clear that
aiming to keep the average speed of the machine up
by minimising turn-around times and increasing
average row length will have a positive effect on the
number of trees planted per hour.
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Figure 5: Trees planted per hour vs average row distance

This highlights the importance of careful route
planning to optimise row layouts, particularly
favouring longer row distances that allow for
smoother, uninterrupted operation. In contrast, sites
requiring short row distances, tight spaces, and
frequent turning requirements may significantly
reduce efficiency and may not be well-suited to this
machine’s current configuration or capabilities.

Proper site selection and machine route planning are
likely critical to PlantmaX performance and
productivity.

Standard Machine Costing Comparison

Indicative daily costs of operating the PlantmaX were
estimated using commonly used machine costing
methodology. Costing of forestry equipment and
operations is heavily reliant on individual and specific
operator preferences and circumstances and
therefore calculations can provide a variety of costed
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outcomes. Rather than rely on any one methodology
or introduce any perception of bias we have adopted
two commonly known forestry equipment costing
approaches:

1. “Business Management for Logging, 3"
edition 2020 (BMOL) (Blackburne Group,
2020).

This is an updated version of the costing handbook
for loggers first produced by the NZ Logging
Research Association in 1981 (LIRO) and
subsequently reviewed three times by the Blackburne
Group, Chartered Accountants. This has been used
to calculate indicative machine and crew daily rate
costs.

2. “Informe Harvesting 2025” and daily rate
estimates, based on an independent survey
of harvesting equipment, vehicles, labour,
overheads (Forme Consulting Group Ltd,
2025).

The key cost inputs that drive the costing models are
presented in Table 4. The indicative daily rate costing
models for the machine are then presented in Table
5.

Table 4: Key cost inputs

Key Cost Inputs
Purchase Price S 998,047
Power (KW) 210
Standard hours 1400
Life (yrs) 5.5
Cost set of tyres S 37,020
Tyre Life 4000
Fuel ($/Litre) S 1.71
Interest 10.80%

Table 5: Indicative daily rate calculations using BMOL and
Informe

Table 6: Labour costing summary

Designation Machine Forest
Operator 1 Worker 1

Hourly rate examples $46.86 $33.56

Annual production expenses

Normal workdays 215 days $ 80,600 $ 57,723
Training days 4 days $ 1,500 $ 1,074
Lost days 10 days $ 3,749 $ 2,685
Statutory holidays 12 days $ 4,499 $§ 3,222
Saturdays 5 days $ 1,874 $ 1,342
Annual leave 20 days $ 7,622 $§ 5458
Annual non-production expenses

ACC (per $100 of wages) $2.65 $ 2646 $ 1,895
Sick leave 10 days $ 3,749 $ 2,685
Bereavement leave 2 days $ 750 $ 537
Kiwi Saver 3.00% $ 299 $§ 2145
Clothing & safety gear $2,700 $2,700 $ 2,700
Tea money $114.41 /lyr  $ 114 $ 114

Total annual costs $ 112,797 $ 81,580

Standard work day rate $513 $371

Indicative Daily Rate

Annual Running Costs BMOL Informe
Standard hours

1400

variable hours

Depreciation S 117,996 S 126,270
Interest/Risk S 74,071 $ 63,711
Insurance S 20,575 $ 32,070
R&M $ 82,507 "$ 82,506
Fuel S 80,438 $ 54,625
Oil S 12,066 $ 8,485
Tyres $12,957 S 12,957
Overheads S 22,877
Total annual costs S 400,701 $ 403,502
Total Daily Cost S 1,705 $ 1,717

An indicative daily labour cost has been estimated for
a machine operator driving the forwarder and a
seedling operator in the PlantmaX unit. This is based
on Informe 2025 and presented in Table 6.
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The labour rates identified above exclude travel time
as this will relate to the specific operation and are
based on a standard 8 hour working day.

The combined machine daily costs and labour costs
are presented in Table 7, assuming an 8-hour
operating day.

Table 7: Daily cost summary for PlantmaX machine

Daily Cost Summary

Machine Costing (Avg) S 1,711
Labour Cost S 884
Total Operation Cost S 2,595

Machine Costs Based on Reduced Annual
Workload

Due to the seasonal constraints of annual planting,
realistically, PlantmaX is expected to remain idle
during the summer months and operate full-time in
the field primarily during the winter. Accordingly, we
have assessed daily costs based on an operational
period of 80 days per year, with 8-hour workdays—
equivalent to 640 machine variable hours.
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These cost assessments were conducted using the
Informe model, as the BMOL costing model does not
fully account for depreciation.

Table 8: Indicative daily rate calculations from Informe
based on 680 variable hours

Indicative Daily Rate

Annual Running Costs Informe
Standard hours 1400
variable hours 640
Depreciation S 105,706
Interest/Risk S 63,711
Insurance S 32,070
R&M S 64,117
Fuel S 24,972
Oil S 3,879
Tyres $ 5,923
Overheads S 21,781
Total annual costs S 322,159
Indicative Hourly Rate S 503.37
Total Daily Cost S 4,027

Planting Costing

Using a utilisation rate of 69.6%, which incorporates
planting (~61%) and turning time (~9.0%), as
identified in the time and motion study analysis
above, a planting cost can be derived when
combined with the GPS planting information.

Using a standard 8-hour day, the utilisation rate
above (69.6%) results in 5.57 productive hours.
Based on the estimated productivity of 941 trees per
hour, this results in an estimated trees per day of
5,242 seedlings.

Using these base assumptions, we calculated an
average total planting cost, excluding tree stocks of
$0.94/seedling. This results in planting costs
(excluding seedlings) of below $800/ha based on the
observed utilisation (Table 9) for 833 SPH.

Table 9: Estimated planting costs for the PlantmaX

Estimated Planting Cost
@833SPH S 780.32
@1000SPH S 936.76

e Note: importantly, this cost also includes the cost of
mechanical land preparation, which can be in the
vicinity of $300 - $500 per hectare, as the scarifiers are
able to remove slash from the path of the trees and
propagate the soil ready for planting.

Completing a sensitivity analysis of utilisation to a
more appropriate level of 80% (the utilisation rate
that should be aimed for with an appropriate machine
configuration) reduces the planting cost to $679/ha at
833 stems per hectare, excluding tree stocks. If tree
stocks cost on average around $0.50c per seedling,

-7-
Forest Growers Research Ltd, PO Box 1127, Rotorua
www.fgr.nz

then this equates to a total planting and mechanically
land prepped site for approximately $1,100 per
hectare at 833 SPH.

Data and Study Limitations

There are a few limitations to the analysis based on
the data that has been collected in 2024, mainly:

e Low data variation and small sample size

e Unknown accuracy of GPS location, recommend
that GPS locations are checked with a high
precision calibrated GPS unit.

e Potential errors in the timestamp of the GPS
capture

Further, some limitations to the study include:

e Lack of description in GPS Attributes (e.g. no
delays or breakdown time captured), therefore
difficult to align with time and motion study
results.

e Data regarding ground conditions such as soil
moisture levels, ground disturbance and soil type
etc. are not captured during planting.

¢ Minimal variance in slope across trial sites, this is
likely due to already understood machine
capabilities.

Machine Limitations

The above analysis identifies that while in suitable
terrain and conditions the PlantmaX is highly
productive and cost effective we also know that there
are substantial machine limitations which are
hindering its potential in the New Zealand terrain:

e Turning circle, the PlantmaX has a 20m+ turning
circle, this means that at the end of each run it
needs stop planting and reposition for the next
line only 3-4 m away. This turning circle can add
as much as 9% downtime to the process, in
addition there is another 7% accounted for with
longer repositioning to begin runs caused by lack
of room for the turning circle or difficult terrain.

e Terrain capability is a crucial and complicated
factor. The base carrier, unlike most logging
operations, must drive over every inch of the
block in a systematic way that produces evenly
distributed plantings. A normal forwarder
operation would choose the best route around
difficult terrain, to where the payload is. Having to
evenly cover all of the planting area exposes the
PlantmaX base carrier lack of maneuverability
often getting in trouble as illustrated in Figure 6.
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Figure 6: PlantmaX terrain capability limits. This angle
required rescuing due to a combination of stump size and
slope

On average 4% of productive time is lost by the
forwarder being stuck mostly on stumps.

o Low effective coverage of the planting blocks
resulted from a big turning circle and poor terrain
capability. On average, only 55% of the ground-
based logging blocks could be planted by the
PlantmaX. This is highlighted in Figure 7.

Figure 7: PlantmaX planted area by terrain type

1. The red circled area had no workable turning
area for the forwarder platform at the bottom of
the slope so it couldn’t be planted.

2. The yellow line is too steep to plant up hill
(15degree), so each planting line circles back up
the valley to do a downhill run. This repositioning
cost another 5% of productive time on average.

3. The purple area was too steep.

Adaptation Process

Due to the challenges encountered by the machine
configuration (forwarder base) in New Zealand
conditions, Forest Growers Research and Pan Pac
are looking to complete an adaptation phase that will

-8-

look to move the body of the machine onto a more
manoeuvrable platform

Conclusions

The PlantmaX mechanised planting machine has
demonstrated the potential for high productivity in
suitable terrain, averaging 941 trees per hour with a
61% utilization rate. The trials conducted over two
planting seasons (2023-2024) and the time and
motion study have provided valuable insights into its
efficiency, limitations, and cost-effectiveness.

While the PlantmaX offers significant benefits in
terms of planting speed, precision, and the ability to
integrate land preparation at the time of planting, its
current forwarder-based platform presents
operational challenges in New Zealand’s variable and
steep terrains.

These studies, together with experience of utilising
the machine over two seasons, has led to Pan Pac
and FGR engaging in an adaptation process for the
machine to help better suit it to New Zealand’s
operating conditions.

To improve the PlantmaX'’s effectiveness, Pan Pac
and FGR are engaging in an adaptation phase to
modify the base machine for better suitability in New
Zealand conditions. The new machine platform will
aim to have improved manoeuvrability on varied
terrain with less turnaround time. By addressing
these challenges and refining the PlantmaX’s design
and operations, mechanised planting can become a
more viable and efficient alternative planting method,
complementing existing manual planting methods
which are increasingly being challenged by
diminishing labour pools, and contributing to long-
term sustainability and productivity in New Zealand
forestry.
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