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Metabolic features of qualified academic 
woman rowing in the boat and on the rowing 

machines
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Introduction. At the present stage of development of 

rowing, the method of training rowers involves perform-

ing a significant amount of training load on rowing ma-

chines. The most popular rowing ergometers are Con-

cept-2 and RP3; the design feature that distinguishes 

this machine from the concept is the movable footrest.

Experts believe that the technique of rowing in a boat 

and on simulators has certain differences. Thus, the 

stroke in the boat is 11-12% longer, a faster increase 

in effort and speed of extension of the lower extremi-

ties in the boat and on the RP3 ergometer was noted, 

compared to rowing on the Concept-2 ergometer. Row-

ing on ergometers is characterized by a higher tempo 

compared to rowing in a boat at the same power output, 

as well as higher forces on the handle when simulated 

on competitive loads on ergometers [1-4].

Rowing tempo is often used as a criterion for the in-

tensity of training exercises both in a boat and on sim-

ulators, since the relationship between rowing tempo 

and the average speed of the boat is well known [5-7].

Of practical interest for planning the training of 

rowers is the assessment of the magnitude of internal 

load (biological stress) when rowing at different rates 

in a boat and on ergometers.

Objective of the study was to identify the features 

of metabolic support for rowing by qualified academic 

women in a boat and on rowing ergometers, taking 

into account the pace of exercises.
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Abstract
Objective of the study was to identify the features of metabolic support for rowing by qualified academic women in a boat 
and on rowing ergometers, taking into account the pace of exercises.
Methods and structure of the study. The indicators reflecting the metabolic characteristics of qualified female academ-
ics were studied when rowing at different rates (22-24 strokes/min; 26-28 strokes/min; 30-32 strokes/min), in a boat and 
on the Concept-2 and RP3 rowing machines. Four female academicians qualified as candidate master of sports and master 
of sports took part in the study. Age – 19.5±2.4 years; body length – 179.5±6.8 cm; body weight – 75.3±12.7 kg.
Results and conclusions. It was revealed that when rowing qualified female academics at a rate of 22-24 strokes/min in a 
boat and on Concept-2 and RP3 ergometers, the criteria for metabolic support of work did not have significant differences. 
At this pace, the load can be classified as a zone of moderate physiological power. When rowing at a rate of 24-26 strokes/
min on rowing ergometers among qualified academicians, the metabolic support criteria for work were significantly higher 
than when rowing in a boat. Rowing on ergometers at this pace can be classified as a load of high physiological power, and 
rowing in a boat can be classified as a load of moderate power.
When rowing at a rate of 30-32 strokes/min on rowing ergometers, the level of biological stress (internal load) among female 
academics was significantly higher than when rowing in a boat, and the load should be attributed to the zone of submaxi-
mal physiological load. In this case, rowing in a boat can be classified as a zone of high physiological power. Rowing on the 
Concept-2 and RP3 ergometers for academic women is a more intense exercise compared to rowing in a boat. Performing 
intense exercises on rowing ergometers involves a significant increase in energy expenditure and, accordingly, recovery 
time in female athletes.
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Methods and structure of the study. The indica-

tors reflecting the metabolic characteristics of qualified 

female academics were studied when rowing at differ-

ent rates (22-24 strokes/min; 26-28 strokes/min; 30-32 

strokes/min) in a boat and on the Concept-2 and RP3 

rowing machines. Four female academicians qualified 

as Candidate Master of Sports and Master of Sports 

took part in the study. Age – 19.5±2.4 years; body length 

– 179.5±6.8 cm; body weight – 75.3±12.7 kg.

The study was carried out over three days. On 

the first day, the athletes, after a standard warm-up, 

rowed in singles every 2 minutes, progressively in-

creasing the rowing pace, focusing on the indicators 

of the SpeedCoach monitor. On the second day, this 

test procedure was performed on the Concept-2 er-

gometer, and on the third day, on the RP3 ergometer.

The study of external respiration and gas exchange 

during testing loads was carried out using the Meta-

Max 3B-R2 cardiorespiratory stress diagnostic system 

from CORTEX (Germany). Airflow was measured using 

a turbine converter (Triple V). Two-point gas calibra-

tion (first gas - 15% O
2
, 5% CO

2
; second gas - ambi-

ent air) was carried out daily. Before each test, a single 

point gas calibration was performed using ambient air, 

as well as a flow sensor calibration using a 3 L syringe 

(Hans Rudolph, Kansas City, USA).

Results of the study and discussion. The table 

shows the dynamics of indicators reflecting the nature 

of metabolic reactions of qualified female academics 

when performing testing exercises.

It was revealed that the absolute and relative values 

of oxygen absorption when rowing at a rate of 22-24 

strokes/min in a boat and on ergometers did not have 

significant differences. Indicators of pulmonary venti-

lation, respiratory exchange coefficient and heart rate 

also did not have significant differences. It can be as-

sumed that the energy expenditure of female athletes 

when rowing at a low rate in a boat and on ergometers 

of different designs does not differ significantly. The 

work is performed with a predominance of the aero-

bic mechanism of energy supply, and the load can be 

classified as a zone of moderate physiological power.
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Indicators of metabolic reactions of qualified female academics when performing testing exercises at differ-
ent paces in a boat and on rowing ergometers

Rowing pace
strokes/min

Boat Concept-2 RP3
P

М
1
±σ М

2
±σ М

3
±σ

VO
2
, l/min М

1
-М

2
М

1
-М

3
М

2
-М

3

22-24 2,18±0,42 2,56±0,29 2,73±0,43 ˃0,05 ˃0,05 ˃0,05

26-28 2,81±0,22 3,15±0,18 3,26±0,23 ˂0,05 ˂0,05 ˃0,05

30-32 2,99±0,12 3,59±0,09 3,72±0,19 ˂0,01 ˂0,01 ˃0,05

VO
2
, ml/kg/min

22-24 28,37±3,36 34,52±4,68 34,11±2,22 ˃0,05 ˃0,05 ˃0,05

26-28 32,88±2,13 38,08±3,28 37,92±1,96 ˂0,01 ˂0,01 ˃0,05

30-32 35,29±0,95 41,79±1,36 43,98±1,82 ˂0,01 ˂0,01 ˃0,05

VE, l/min

22-24 59,03±13,90 79,76±16,37 70,03±13,24 ˃0,05 ˃0,05 ˃0,05

26-28 74,89±7,41 91,97±13,32 97,50±12,21 ˂0,05 ˂0,01 ˃0,05

30-32 80,78±10,65 105,04±6,41 115,30±9,33 ˂0,05 ˂0,01 ˃0,05

RQ

22-24 0,86±0,07 1,01±0,08 0,94±0,03 ˃0,05 ˃0,05 ˃0,05

26-28 0,91±0,02 1,04±0,07 1,02±0,03 ˂0,05 ˂0,01 ˃0,05

30-32 0,95±0,04 1,09±0,05 1,11±0,04 ˂0,05 ˂0,05 ˃0,05

Heart rate, beats/min

22-24 148,2±13,85 158,0±6,33 160,54±7,85 ˃0,05 ˃0,05 ˃0,05

26-28 161,4±8,47 170,9±4,34 176,8±4,67 ˂0,05 ˂0,01 ˂0,01

30-32 173,8±1,98 181,9±2,60 183,2±2,26 ˂0,05 ˂0,01 ˃0,05
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When rowing at a rate of 24-26 strokes/min, the na-

ture of the load when performing the testing exercise in 

a boat and on rowing ergometers changed. Thus, when 

rowing on ergometers, the indicators of oxygen ab-

sorption, pulmonary ventilation, respiratory exchange 

coefficient and heart rate significantly exceeded these 

indicators when rowing in a boat, which indicated a 

greater intensity of the load performed on ergometers 

compared to the load in the boat. It can be argued that 

rowing on ergometers at a pace of 26-28 for qualified 

academic women is a more intense exercise compared 

to rowing in a boat at the same pace, and can be classi-

fied as a load of high physiological power.

An analysis of the metabolic reactions of qualified 

female academics when performing testing exercises 

at a rate of 30-32 strokes/min showed a much higher 

level of biological stress (internal load) when rowing 

on ergometers compared to rowing on water. Thus, 

female athletes in terms of oxygen absorption, pulmo-

nary ventilation, and heart rate exceeded the indica-

tors recorded in the boat by 17-18%, 20-30%, 4-5%, 

respectively. At the same time, the respiratory ex-

change coefficient indicated that the work on ergom-

eters was performed in a mixed aerobic-anaerobic en-

ergy supply mode, and the load should be attributed 

to the zone of submaximal physiological power.

The results of the study are consistent with the re-

sults of studying the biomechanics of rowing, in which 

it was shown that the structure of the developed forc-

es when performing a stroke in a boat and on rowing 

ergometers differs in the magnitude of the EMG am-

plitude [1], and when rowing on Concept-2 and RP3 

ergometers at a competitive pace rowers exert signifi-

cantly greater effort compared to rowing in a boat [4]. 

This should inevitably lead to an increase in energy 

consumption, which was revealed in this study.

Conclusions. It was revealed that when rowing 

qualified female academics at a rate of 22-24 strokes/

min in a boat and on Concept-2 and RP3 ergometers, 

the criteria for metabolic support of work did not have 

significant differences; at this rate, the load can be 

classified as a zone of moderate physiological power.

When rowing at a rate of 24-26 strokes/min on row-

ing ergometers among qualified academicians, the 

criteria for metabolic support of work were significant-

ly higher than when rowing in a boat. Rowing on er-

gometers at this pace for qualified academic women is 

a more intense exercise compared to rowing in a boat, 

and can be classified as a load of high physiological 

power, while rowing in a boat can be classified as a 

zone of moderate power.

When rowing at a rate of 30-32 strokes/min on row-

ing ergometers, the level of biological stress (internal 

load) among qualified female academics was signifi-

cantly higher than when rowing in a boat, and the load 

should be attributed to the zone of submaximal physi-

ological power. In this case, rowing in a boat can be 

classified as a zone of high physiological power.

Thus, rowing on the Concept-2 and RP3 ergom-

eters for qualified academic women is a more intense 

exercise compared to rowing in a boat. Performing in-

tense exercises on rowing ergometers involves a sig-

nificant increase in energy expenditure and, accord-

ingly, recovery time for female athletes.
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