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Cardiovascular Response in Partly 

Mechanized Willow Planting Operations 
Indicates a Low to Moderate Intensity of 

Work
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Abstract

Fast growing species such as willow have been found to be a viable alternative for bio-energy 
production. Establishment of willow crops requires a series of operations, among which plant-
ing is important for their success. Partly mechanized planting has been studied lately in terms 
of productivity and costs, and it was found to be a viable alternative for small and dispersed 
plots. However, no research has addressed its suitability in terms of work intensity. One 
important assumption is that physical strain would be higher in such operations, mainly due 
to an intense use of the upper limbs, probably leading to a high cardiovascular workload. This 
study evaluated the level of physical workload in partly mechanized willow planting operations 
by heart rate measurements taken on six subjects, which were observed during all the common 
planting tasks. Close to 65 hours of observations were taken at a rate of one second, and the 
heart rate increment was used as the main indicator to characterize the workload of planting 
work. The findings indicate that there was a task-based variability in cardiovascular response 
(ca. 87 to 96 bpm) and in the heart rate increment among the subjects (ca. 14 to 28%). In 
addition, there was a differentiation in terms of heart rate increment among the planting tasks. 
Nevertheless, most of the data indicated a low to moderate cardiovascular workload. Although 
these results validate partly mechanized planting as a suitable alternative in terms of cardio-
vascular output, future studies should evaluate other ergonomic conditions such as the bio-
mechanical exposure and the risks of developing musculoskeletal disorders.

Keywords: planting operation, tasks, short rotation willow crops, physical strain, cardiovas-
cular workload, ergonomics, cohort study

1. Introduction
Fast growing species managed in short rotation by 

coppicing, such as willow, have been found to be a 
viable alternative for biofuel production (Ericsson et 
al. 2006, Mola-Yudego et al. 2010, El Kasmioui et al. 
2012, Baker et al. 2022, Stolarski et al. 2023), and they 
have shown a high potential of saving the timber 
sourced by traditional forestry for other, higher value-
added utilizations. In addition, such plantations may 
fulfill other functions and provide a diversified range 
of services (Kuzovkina and Volk 2009, Norbury et al. 
2021, Zumpf et al. 2021, Livingstone et al. 2023a, Liv-
ingstone et al. 2023b). When it is aimed for biomass 
production, willow cultivation requires a series of op-
erations whose intended goals are the establishment 

and improvement of biomass production, and valori-
zation of biomass by harvesting (Dickmann 2006, 
Guidi et al. 2013). Planting willow is typically done by 
inserting small cuttings into the soil (Guidi et al. 2013), 
with the aim to establish a new crop by sprouting.

Currently, there is a variety of technical options used 
to plant willow, many of them featuring a reasonable 
degree of mechanization (Guidi et al. 2013, Manzone 
and Balsari 2014, Bush et al. 2015, Manzone et al. 2017). 
Still, for small-scale applications, high investments in 
advanced machines developed for a particular func-
tional goal, such as willow planting, may not be feasible 
since the plots used for crop establishment are typically 
small and dispersed (Borz et al. 2019a, Talagai et al. 
2020), contributing this way to the increment of costs by 
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a lower degree of machine utilization. In addition to 
reducing the costs, small farmers who are interested in 
diversifying their agricultural production are looking 
for flexibility in the equipment used.

Irrespective of the tools or machines developed and 
used, an important step is that of checking and eventu-
ally validating their sustainability in the area of ergo-
nomics (Heinimann 2007, Marchi et al. 2018); this is 
typically done by studies aiming at checking and 
(re)designing a way of doing the work so as to be com-
patible with the human capabilities. While the scientific 
literature on economic and ecological efficiency of wil-
low cultivation is quite well developed, there is a lack 
of studies describing the ergonomic condition in such 
operations (e.g., Borz et al. 2019b). As a general rule, a 
higher degree of mechanization is associated with 
improved safety and better ergonomics of the work, 
and may provide a better economic performance by 
enabling a higher productivity of work (Venanzi et al. 
2023). In forestry and agriculture, for instance, manual 
planting operations involve considerable cardiovascu-
lar and musculoskeletal strains (Trites et al. 1993, 
Sullman and Byers 2000, Marogel-Popa et al. 2019, Pa-
tel et al. 2024). Research has identified these tasks as 
»hard continuous work« or »very heavy work« (Sull-
man and Byers 2000), with average working heart rates 
ranging from 97 to 135 beats per minute across differ-
ent planting activities (Trites et al. 1993, Marogel-Popa 
et al. 2019, Patel et al. 2024). According to Silva et al. 
(2019), planting caused leg discomfort in 56% of work-
ers, while fertilization and herbicide application caused 
shoulder discomfort in 41% and 56% of workers, 
respectively. Productivity of willow planting opera-
tions, on the other hand, depends largely on factors 
such as the machine capability to cover several rows, 
and the share of machine planting functions during the 
work. In practice, it is common for a machine to be used 
as a carrier, while the effective planting is either 
supported by devices fed manually by the workers, or 
directly by manual work (Bush et al. 2015, Manzone et 
al. 2017, Borz et al. 2019, Talagai et al. 2020).

Small-scale practitioners located in Romania, and 
probably elsewhere, have been using a simple techni-
cal solution for willow planting that consists of a farm 
tractor used to drag a wheeled steel frame which is 
typically equipped with two seats. A description of the 
equipment can be found in Borz et al. (2019b) and in 
Talagai et al. (2020). Although the workers are carried 
by the machine, they are required to take the cuttings 
from boxes located in their front and to insert them 
into the soil. These are actions characteristic of manu-
al work that requires a high pace and frequency of 
movements. In particular, the back is frequently bent 
and twisted in a dominant direction, and the arms are 

used intensively. As a result, this may be challenging 
for the body in terms of physical strain, and it may 
increase the risk of developing musculoskeletal disor-
ders. In forest operations, physical strain and diffi-
culty of work are commonly evaluated based on 
heart rate measurements (e.g. Kirk and Sullman 2001, 
Magagnotti et al. 2012, Cheţa et al. 2018, Borz et al. 
2019b, Marogel-Popa et al. 2019, Patel et al. 2024), as an 
accepted alternative to the use of rather sophisticated 
laboratory-based measurements and equipment. In 
addition, heart rate measurements can accommodate 
the mobility of the subjects and the measurement con-
straints generated by the working environment.

Given the intensive use of upper limbs when man-
ually inserting the willow cuttings into the soil, the 
working hypothesis of this study was that partly 
mechanized willow planting operations would be 
characterized by a high work intensity. Accordingly:

Þ �Physical strain was evaluated in terms of cardio-
vascular workload by accounting for the main 
tasks and workplaces used in willow planting

Þ �Characterization of the job in terms of physical 
strain was done by running the study on a rea-
sonable sample of workers (subjects), based on 
informed consent.

2. Materials and Methods

2.1 Study Location and Data Collection
The data supporting this study were collected in 

2017, near the Poian village located in the Covasna 
County, close to the center of Romania (Fig. 1). The 
operations were carried out by six workers (hereafter 
subjects), who planted in teams of two on each of the 
two tractors that were monitored for four days (April 
26 to 29). During this time, the heart rate of the subjects 
was recorded by two Polar V800 devices. The used 
devices feature a set composed of a smart watch 
equipped with a wire-based computer communication 
system; during recording, the watch is connected via 
Bluetooth® technology to a heart rate monitoring sen-
sor mounted on a strap that is adjusted on the peri-
cardic region of the subject’s body. The device may be 
used to setup and record a given activity in terms of 
location and heart rate measurements. The collected 
data can be visualized on a computer or on a smart 
device, by transferring it from the watch to a web plat-
form; this is done by physically connecting the watch 
to a computer and synchronizing the data using the 
Polar FlowSync® software. From the web platform, 
the data can be exported in formats compatible with 
Microsoft® Excel, as well as .GPX and/or .TCX files, 
which are compatible with GIS software.
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The time spent by the subjects on different working 
tasks, as well as the size of the operated plots was dif-
ficult to control in order to have a balanced number of 
observations per task and per subject. The devices 
were setup to record GPS documented data at a rate 
of one second, and the data was transferred to the web 
platform from where it was exported as .CSV, .GPX 
and .TCX files. The heart rate data were collected 
based on an informed verbal consent, and the subjects 
were informed about the goal of the study and the 
intended use of the data. They agreed to wear the de-
vices under an identity non-disclosure clause, which 
was stated verbally. As a group, however, all of them 
empowered the researchers running the study to dis-
close and to use their general personal data such as the 
information on gender, range of their age and the main 
anthropometric data. The persons in charge of collect-
ing field data instructed the workers to carry on their 
jobs as usual and asked for the above-mentioned data. 
At the time of field data collection, an ethical approval 
was not required by the organizations of the authors.

2.2 Experimental Design and Data Processing
The .TCX files were imported into Garmin BaseCamp 

software, which enabled the visualization of the loca-

tions recorded during the study, as well as the data on 
GPS speed, time, and heart rate. All the data was then 
moved into a Microsoft Excel sheet, where it was 
grouped by features, coded based on the main tasks 
as observed in the field, and checked in the Garmin 
BaseCamp software. This supposed a detailed paired 
second-level analysis of the data from Microsoft Excel 
and Garmin BaseCamp having as an outcome a dataset 
in which each entry had specific codes to indicate the 
subject (hereafter coded as a, b, c, d, e or f) and the 
observed task. Table 1 gives more details on the tasks 
observed in this study.

Based on the attributed codes, the data was further 
cleaned and sorted to enable the extraction of the sta-
tistics needed to characterize the task-based heart rate 
response of each subject, the heart rate response at the 
task level irrespective of the subject, and the heart rate 
response of each subject irrespective of the task. The 
first dataset was used to characterize the variability in 
heart rate response among the subjects for the same 
task, the second dataset served for the characterization 
of the tasks in terms of cardiovascular response irre-
spective of the subject, and the third dataset was used 
to characterize the cardiovascular response of each 
subject irrespective of the task. Data cleaning was 

Fig. 1 Study location: (a) location of the study area at the national level, (b) examples of GPS locations collected at the work preparation 
facility (1), during relocations (2) and during planting (3), (c) an example showing the planting procedure; (d) a general view on the planting 
equipment. Note: the maps from (a) and (b) were created in the open source (QGIS software 2023) by using freely available vector datasets 
of the country and the open access Bing aerial data as of October 10, 2023, loaded by the functionalities of QGIS
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mainly aimed at removing the records that had no 
heart rate values, which were typically located right at 
the benginning and ending of a given dataset, during 
the time in which the data collecting devices were 
placed and taken down from a given subject.

Based on the data recorded for each subject, the 
minimum value of heart rate was taken and conven-
tionally used as the observed heart rate at rest (hereaf-
ter HRr) as described, for instance, in Borz et al. (2019b) 
and Cheţa et al. (2018). This parameter is considered to 
be slightly biased as compared to the measurements 
done while sleeping (Toupin et al. 2007). However, tak-
ing the measurements on subjects while sleeping is 
often impossible and, in fact, several other protocols 
have been accepted and used as a compromise to esti-
mate the heart rate at rest, such as estimating it from a 
controlled resting period at the beginning of observa-
tion (Toupin et al. 2007, Magagnotti and Spinelli 2012), 
taking it from the first couple of seconds recorded for 
a given subject (Ottaviani et al. 2011), or by selecting 
the minimum value between the recordings of a con-
trolled resting period and the minimum value record-
ed during the working day (Stampfer et al. 2010). In 
specialized scientific studies dealing with heart rate 
measurements, the heart rate at rest (HRr) was found 
to lie between 30 and 100 beats per minute (hereafter 
bpm) (i.e. Landgraff et al. 2023), and it is commonly 
accepted that a typical range would be 60 to 100 bpm 
(BHF 2023). To consider possible variations as com-
pared to the minimum recorded values at the subject 
level, data analysis (see Section 2.3) was implemented 
by accounting for a HRr range of 60 to 100 bpm.

2.3 Data Analysis
Data analysis consisted of checking normality of 

data by means of a Shapiro-Wilk test, followed by the 

development of the main descriptive statistics such as 
the minimum, maximum, mean, median and standard 
deviation values. The mean and standard deviation val-
ues were used to describe the data at four levels: overall 
data, overall data per task, overall data per subject, and 
at the level of a subject involved in a given task.

Workload was evaluated based on the heart rate 
increment (Eq. 1) using the classification proposed by 
Grandjean (1980). One advantage of the heart rate in-
crement (hereafter %HRI) is that it makes no assump-
tions on the subjects’ age, making it useful in studies 
that are constrained by the availability of the subjects’ 
age data. Also, it has been used as an alternative to 
benchmark the difficulty of work in other specialized 
studies (e.g. Silayo et al. 2010, Cheţa et al. 2018). Eq. (1) 
was applied over the data coming from each subject 
involved in a given task, over the data coming from 
each task irrespective of the subject, and over the data 
coming from each subject, irrespective of the task.

	 %HRI = (HRw – HRr) / (HRr) * 100	 (1)

Where:
%HRI	 heart rate increment
HRw	 heart rate at work
HRr	� heart rate at rest taken as the minimum heart 

rate found in the data of each subject, as well 
as in the range of 60 to 100 bpm with a step of 
1 bpm when accounting for possible variation 
in HRr.

As a final step, the %HRI metric was plotted against 
the HRr in the range of 60 to 100 bpm. This was done 
with the help of Microsoft Excel, by adding minimum 
values of the heart rate taken from each subject’s data 
pool as markers, and by fixing the thresholds of very 
low, low, moderate, high, very high, and extremely 
high workloads measured in terms of %HRI according 

Table 1 Description of the tasks observed in the field

Work task
(Abbreviation)

Number of
observations

Description

Facility work
(F)

6076 Work carried out at the garaging facility, consisting of preparing the equipment and the cuttings for planting

Headland work
(H)

66,145
Work carried at the headland such as moving the stock of cuttings, resupplying the boxes, maneuvers done by 

equipment to exit from and enter into the planting rows, and some breaks
Maneuvers
(M)

3321
Maneuvers done by the equipment to relocate at the headland of each plot as well as other maneuvers except those 

from headland work
Planting
(P)

137,434
Effective planting, while seated, meaning that the subjects took small bunches of cuttings from a box and inserted 

them piece by piece into the soil as the planting equipment moved forward
Relocation
(R)

8476
Events of driving the equipment and transporting the subjects from the garaging facility to the field and between the 

plots in the field
Delays
(S)

12,220 Events observed as stops into the plot while operating in a given row
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to Grandjean (1980). Accordingly, a %HRI of 0, 0 to 36, 
36 to 78, 78 to 114, 114 to 150, and over 150% indicate 
very low, low, moderate, high, very high, and extremely 
high workloads, respectively. The software used for 
statistical analysis was the Microsoft Excel equipped 
with the Real Statistics add-in.

3. Results
3.1 Description of Data	

Table 2 gives an overview of the number of obser-
vations used in this study. The data covered 64.91 
hours, of which close to 60% of the time was observed 
during effective planting, followed by headland work, 
which accounted for close to 30%. Inter-subject pro-
portions on tasks were relatively well preserved in the 
data, with a dominance of effective planting (51.32 to 

66.32%) and headland work (21.78 to 33.22%). Exclud-
ing the data coming from subjects b and d, the amount 
of data used was well balanced, covering between 
approximately 12 and 14 hours (Table 2).

The pool of subjects was composed of five males 
and one female, aged between 30 and 45 years, who 
weighed in between 50 and 70 kg; they were 150 to 
170 cm tall. When asked, none of the subjects declared 
to be aware of any serious health condition, particu-
larly those related to the cardiovascular system. 
Although they used to work in various farming tasks, 
all of them had an experience of at least 3 years in 
willow planting operations, and were selected from a 
very limited population of workers carrying on such 
operations in the country.

None of the datasets used in this study passed 
the normality test. Table 3 gives the main descriptive 

Table 2 Number and share of observations on subjects, tasks, and job

Subject
Number and share of observations per task1

Total
(Share)

Subject level 
share, %F H M P R S

a
–

(0.00)
11,485
(26.41)

47
(0.11)

28,845
(66.32)

1174
(2.70)

1941
(4.46)

43,492
(100.00)

18.61

b
2513

(13.65)
5182

(28.15)
56

(0.30)
9448

(51.32)
749

(4.07)
463

(2.51)
18,411

(100.00)
7.88

c
1629
(3.64)

9749
(21.78)

2352
(5.26)

26,106
(58.33)

2150
(4.80)

2772
(6.19)

44,758
(100.00)

19.15

d
1532
(5.00)

6816
(22.28)

–
(0.00)

19,230
(62.85)

1380
(4.51)

1641
(5.36)

30,599
(100.00)

13.10

e
270

(0.57)
16,661
(35.08)

520
(1.09)

25,516
(53.72)

1574
(3.32)

2953
(6.22)

47,494
(100.00)

20.33

f
132

(0.27)
16,252
(33.22)

346
(0.71)

28,289
(57.83)

1449
(2.96)

2450
(5.01)

48,918
(100.00)

20.93

Total 6076 66,145 3321 137,434 8476 12,220 233,672 100.00
1 Note: tasks are described in Table 1: F – working at the garaging facility, H – work at the headland, M – maneuvering, P – planting, R – relocation, S – delays. Relative frequencies on 
subjects and tasks are given with decimals

Table 3 Main descriptive statistics of the heart rate on subjects and tasks

Subject
Mean and standard deviation value of heart rate (bpm) per task1

Overall, per subject
F H M P R

a – 89.77±8.15 93.40±4.94 86.66±5.51 86.24±11.72 87.54±6.81

b 91.11±7.45 87.31±9.36 98.25±2.73 85.08±3.52 79.35±6.39 86.35±6.95

c 91.08±6.43 95.41±7.49 99.80±5.53 96.27±5.64 87.42±5.86 95.71±6.56

d 76.07±9.81 91.80±10.27 – 90.00±8.61 72.69±7.19 88.96±10.21

e 89.61±6.71 85.52±7.90 89.34±13.25 86.57±5.41 72.48±4.69 85.83±7.11

f 85.47±2.37 88.09±8.84 81.58±6.86 89.34±6.39 84.21±9.89 88.74±7.55

Overall, per task 87.12±10.11 89.13±9.11 96.15±9.67 89.38±7.13 80.82±10.07 89.10±8.26
1 Note: tasks are described in Table 1: F – working at the garaging facility, H – work at the headland, M – maneuvering, P – planting, R – relocation.
In each cell, the first figure stands for the mean value, and the last value stands for the standard deviation value; S – delay data not given herein
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Fig. 2 Heart rate increment by considering the subject and the work task: (a) work at the facility, (b) work at the headland, (c) maneuvering, 
(d) planting work, (e) relocation, (f) delays. Legend: %HRI – heart rate increment, HRr – heart rate at rest, curves given as continuous lines 
stand for the variation in %HRI, vertical dashed lines stand for the minimum values of heart rate taken as HRr for each subject, and the hori-
zontal continuous black line stands for the threshold between low and moderate intensity work
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statistics of the heart rate response in terms of mean and 
standard deviation values. At the subject level, a clear 
differentiation of the mean heart rate was that of the 
subject c, accounting for more than 95 bpm. Similarly, 
at the task level, maneuvering and relocation were 
found to be in contrast with the remaining tasks.

Effective planting was similar to headland work in 
terms of mean heart rate response. For a comparison 
of these tasks in terms of description, the reader is re-
ferred to Table 1. Relocation accounted for the lowest 
values, mainly because no active work was involved 
in this task. The minimum values found in the heart 
rate data of the subjects were 69 (subject a), 65 (subject 
b), 75 (subject c), 63 (subject d), 64 (subject e) and 
66 bpm (subject f), respectively.

3.2 Cardiovascular Workload
Fig. 2 shows the plots developed to characterize the 

workload in terms of heart rate increment (%HRI) by 
considering the subjects involved in given tasks, 
thresholds delimiting the workload categories and the 
markers showing the minimum values of heart rate at 
the subject level. The heart rate increment was plotted 
in the range of 60 to 100 bpm considered for the heart 
rate at rest. As shown, a common characteristic was 
that none of the subjects experienced high, very high, 
or extremely high workloads, irrespective of the task. 
Panel a in Fig. 2, for instance, shows the %HRI curves 
of the subjects b to f observed at the garaging facility, 
along with the markers pointing their minimum heart 
rate that was used conventionally as the heart rate at 
rest (HRr). Similar to other panels in the figure, subject 
c had the highest HRr value, accounting for 75 bpm, 
as well as the highest HRw values, but still, the expe-
rienced workload was low.

Subject d, on the other hand, had the lowest HRr 
value (63 bpm), accounting for a %HRI of about 20%, 
being similar to subject c. As a fact, based on the re-
corded values of minimum HRr (63 to 75 bpm), most 
of the tasks were supposed to have a low to moderate 
intensity of work for the subjects (%HRI threshold of 
36%) since none of the curves passed the threshold of 
78% for the given range of HRr.

Fig. 3 shows a similar pattern based on the aggre-
gation of data at the task level. Here, for instance, 
relocation would probably feel like a low workload for 
all of the subjects, which would also be the case of the 
work at the garaging facility, effective planting and 
headland work, delays, and maneuvering, assuming 
a heart rate at rest in between 65–100, 67–100, 68–100 
and 71–100 bpm, respectively. Below the minimum 
values of these ranges, the workload would probably 
have been experienced as moderate.

Finally, Fig. 4 gives an overview of the heart rate 
increment based on the data aggregated at the subject 
level by disregarding the task. It shows the closeness 
of heart rate increment curves for five of the six subjects 
under study, and mainly leads to the same observation 
that the workload they experienced was low to moder-
ate. These findings indicate that the typical work tasks 
of manual willow planting do not expose the workers 
to high cardiovascular workloads. There is a differen-
tiation between workers based on their own cardiovas-
cular activity, as well as between the tasks, but overall, 
the partly-mechanized planting of willow seems to be 
characterized by a low to moderate workload.

The subject-based heart rate increment is shown in 
Fig. 4 by keeping the same mode of data visualization. 
Excluding the subject c, which stands apart by a %HRI 
curve pointing a higher cardiovascular workload 
when assuming a range of 60 to 70 bpm for the HRr, 
the rest of the data was rather grouped, indicating 
similar trends irrespective of the subject under consid-
eration. At the subject level, and based on the mini-
mum values of the heart rate extracted from the data, 
the work was categorized as being of low to moderate 
intensity.

Fig. 3 Task based heart rate increment. Legend: %HRI – heart rate 
increment, HRr – heart rate at rest, curves given as black lines stand 
for the variation in %HRI, vertical dashed lines stand for the mini-
mum values of heart rate taken as HRr for each subject, and the 
horizontal continuous black line stands for the threshold between 
low and moderate intensity of work; F – working at the garaging 
facility, H – work at the headland, M – maneuvering, P – planting, 
R – relocation, S – delays
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Although the %HRI curve of the subject c indicated 
a different behavior, the work was still included in the 
category of low intensity based on the minimum heart 
rate value. Assuming a range of 60 to 70 bpm for the 
heart rate at rest, the work would have been perceived 
as moderate in intensity. Then, for a heart rate at rest 
of 30 bpm, which seems to be highly unrealistic for 
subjects carrying on physically demanding tasks on a 
regular basis, the cardiovascular workload would 
have been perceived as very high.

4. Discussion
There are many factors controlling the cardiovas-

cular activity, such as the gender, age, health condi-
tion, and type of activity. In addition, cardiovascular 
response depends on the size and type of the engaged 
muscles, working position, pace of doing the work, 
and environmental conditions; also, based on the heart 
rate response, light and moderate work typically 
return heart rate responses in the range of up to 90, 
and between 90 and 110 bpm, respectively (Åstrand et 
al. 1986). Based on these figures, as well as on the heart 
rate increment data presented herein, the willow 
planting as observed in this study could be catego-
rized as light to moderate intensity work, which did 
not confirm our hypothesis. However, this may come 

as a surprise since the effective planting typically 
involves the use of lower-sized muscle groups, such 
as the arms, used at a high pace. Based on the GPS data 
collected for all the subjects, the movement speed of 
the equipment during the effective planting was esti-
mated at a mean value of 0.33 meters per second (sup-
porting data not shown herein). For a planting dis-
tance between the cuttings inserted into the soil of 50 
to 70 cm (i.e., Borz et al. 2019a), back and arm muscles 
used for planting would be active at an average pace 
of approximately 0.5 Hz, that is once in two seconds. 
However, during the effective planting, the subjects 
worked from a sitting position, which may be the main 
reason for controlling the heart rate response and 
keeping it at a mean value close to 90 bpm. This is also 
supported by the average values of the cardiovascular 
response in events such as relocation (close to 80 bpm), 
in which the subjects were found mainly to be seated 
without carrying on any work. This response in heart 
rate is close to that obtained in controlled conditions 
for a sitting position (Šipinková et al. 1997), although 
it also accounts for some of the cardiovascular recov-
ery period, in which a given amount of time is needed 
for the heart rate to slow down to the resting pace. 
However, the time needed for recovery depends on 
the intensity of exercise, with some pointing out that, 
for intense activities, 30 minutes would not be suffi-
cient for a full recovery (Javorka et al. 2002). This pro-
vides another hint pointing to the validity of categorizing 
the work as low to moderate, as the average heart rate 
response during the effective planting (close to 90 bpm) 
was only by about 10 bpm higher compared to that of 
tasks such as relocation (close to 80 bpm), and by 23 bpm 
higher compared to the average value of the minimum 
observed heart rate of the subjects (67 bpm). For 
example, a change of about 10 bpm may correspond 
very well to a simple change in position from lying to 
sitting, without any active work (Javorka et al. 2002); 
therefore, the mean difference of about 13 bpm can be 
attributed to the active work of planting.

There was a variability in the heart rate response of 
the subjects, which may come from their individual 
features and fitness for physical work. This can be seen 
in the data characterizing the subject c, which stands 
well apart from the rest of the group. As the data shows, 
however, the willow planting work will still remain in 
the domain of low to moderate intensity for the consid-
ered subjects and for a variation in heart rate at rest 
ranging between 60 and 100 bpm. This supports the 
classification of the work as low to moderate intensity, 
despite potential uncertainties in baseline heart rate 
figures, meaning that for the subjects under study, the 
assumption of a low to moderate intensity work holds 
true, while for other potential subjects, data on heart 

Fig. 4 Subject based heart rate increment. Legend: %HRI – heart 
rate increment, HRr – heart rate at rest, curves given as continuous 
lines stand for the variation in %HRI, vertical dashed lines stand for 
the minimum values of heart rate taken as HRr for each subject, 
and the horizontal continuous black line stands for the threshold 
between low and moderate workload
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rate at work would be further required for an accurate 
classification. Related to this, and to the characteriza-
tion of the work, this study was based on a reasonable 
sample of subjects that come from a very limited pool 
of individuals carrying on willow planting operations.

The dominant tasks, as observed in the data, were 
the effective planting and headland work. Due to the 
characteristics and performance of the equipment 
used, irrespective of their further implementation, they 
will still remain dominant in similar willow planting 
applications, meaning that the outcomes related to the 
estimation of work intensity will be mainly shaped by 
these two events. For example, in this study they 
accounted for close to 90% of the observations and 
returned heart rate values that were similar and close 
to 89 bpm. This means that the outcome of evaluations 
of work intensity is mainly driven by the effective 
planting and headland work, and the contribution of 
other tasks to the outcomes may be seen as marginal.

This study made no assumptions on the biome-
chanical workload and postural risks, and the subjects 
were not asked about how comfortable or tired they 
felt before and after the work. Also, the study did not 
evaluate the exposure to other harmful factors such as 
noise and vibration. The questions on whether this job 
may lead to body pain, or to risks of developing mus-
culo-skeletal disorders remain open and worth pursu-
ing by dedicated studies. This is mainly because this 
kind of work involves a frequent bending and twisting 
of the back, which are events that occur in a dominant 
direction, and by doing so, they require the use of the 
same muscle groups. This study used a limited num-
ber of subjects, and follow-up studies are welcome to 
further check and validate the findings reported here-
in. If the problem were studied further, it would be 
useful to design and run protocols so as to be able to 
document the heart rate response at rest during sleep-
ing, as well as the maximal heart rate of the subjects, 
thus enabling the use of other metrics characterizing 
the intensity of work, such as the heart rate reserve 
(e.g. Kirk and Sullman 2001, Stampfer et al. 2010, 
Ottaviani et al. 2011, Magagnotti and Spinelli 2012, 
Cheţa et al. 2018). Until then, this study stands as a fair 
evaluation of the workload in partly-mechanized 
willow planting operations, pointing out that such 
jobs are low to moderate in intensity.

5. Conclusions
Based on the cardiovascular response, partly-mech-

anized willow planting operations are characterized by 
a low to moderate intensity of work. There is a vari-
ability in response that comes from the intrinsic fea-

tures of the subjects but, overall, this kind of operations 
seems to be compatible with the human cardiovascular 
capabilities, validating their sustainability from this 
point of view. Future studies should consider the eval-
uation of other parameters under the umbrella of ergo-
nomics such as the biomechanical exposure, and the 
exposure to noise and vibration. Among these param-
eters, biomechanical exposure and exposure to noise 
could be pritoritized, given the characterisitcs of inter-
action between the workers, machine, and working 
objects. Biomechanical exposure, for instance, could be 
helpful in checking if and how the characteristics of the 
work may affect the health of the workers since this 
work is carried out with a lot of back bending and 
twisting. It would be interesting to check the exposure 
to noise since the subjects typically work in open air, 
close to the engine of the machine.
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