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INTRODUCTION
The opinions about secular trends concerning 

the motor fitness of children and youth vary. Some 
authors think that the level of motor fitness has recently 
decreased, whilst others have not observed any changes. 
According to Tomkinson fewer than two studies per year 
are devoted to secular trends of children’s motor fitness 
(Tomkinson, 2007). Moreover, most of the published 
studies are superficial, i.e., they do not account for 
environmental factors (Tomkinson, Olds, & Gulbin, 
2003). Tomkinson et al., also note that most of the 
research refers to the changes in endurance (aerobic) 
abilities (Tomkinson, Hamlin, & Olds, 2006), and very 
few research articles concern anaerobic abilities, even 
though people perform far more anaerobic efforts during 
movement (Tomkinson, 2007). 

Anaerobic abilities are often defined as an 
organism’s capability to perform motor tasks, which 
neither last long nor cause fatigue that decreases the 
intensity of muscle work (Wachowski & Strzelczyk, 

SECULAR TRENDS OBSERVED IN ANAEROBIC PERFORMANCE 
OF STUDENTS ACCOUNTING FOR THE PLACE 

OF PERMANENT RESIDENCE 
(Original scientific paper)

Podstawski Robert1,  Borysławski Krzysztof 2  and Choszcz Dariusz3

1University of Warmia & Mazury in Olsztyn, 
 Study Centre for Physical Education & Sport Olsztyn, Poland

2Wroclaw University of Environmental and Life Sciences, Department of Anthropology,
  Wrocław, Poland

3University of Warmia & Mazury, Chair of Foundations of Safety,
 Faculty of Technical Science, Olsztyn, Poland

Abstract
The aim of the study was to determine the rate and direction of changes in the level of anaerobic 

performance observed among first year students enrolled at the University of Warmia & Mazury in Olsztyn, 
accounting for their place of permanent residence. The research was conducted biannually over the years 
2000-2006, during the obligatory P.E. classes. The research group consisted of 1,143 full-time students aged 
19-21 (2000 – 499, 2002 – 337, 2004 – 155, and 2006 – 152). Four indirect anaerobic trials were applied, 
i.e., the standing long jump, sit ups – 30 s, 4x10 m shuttle run, and skipping with clapping of hands – 8 s. 
Statistically significant linear trends indicating a decrease in the students’ level of anaerobic abilities were 
observed in three trials, and found to be dependent on the place of permanent residence. These were: the 
standing long jump for village residents, sit ups – 30 s for village residents and students residing in big towns, 
and skipping with clapping of hands – 8 s for residents of small towns. The changes therefore pertained only 
to students who came from places with a population of less than 50,000 inhabitants. 

Keywords: secular changes, anaerobic abilities, male students, urbanization status anaerobic tests, 
variance analysis method, regression analysis

1999). Such an approach is not fully justified because, 
from the practical point of view, in most sport disciplines 
the human body has to constantly repeat short sequences 
of movements, which involve acceleration, slowing 
down, and the change of direction (Balsom, Ekblom, & 
Sjodin, 1994). In many sports, athletes are required to 
perform short, all out sprints (approx. 10 s), separated 
by short breaks (< 30 s) often referred to as repeated-
sprint ability (RSA), and connected rather with agility 
than strictly speed (Dawson, Fitzsimons, & Ward, 1993; 
Wadley & Le Rossignol, 1998; Spencer, et al., 2006).

Various interpretations and classifications of 
anaerobic abilities (Hirtz, Hummel, & Rostock, 1985; 
Szopa, Chwała, & Ruchlewicz, 1998; Raczek, 2010), 
are the consequence of the confrontation between theory 
and practice. As a result of this, tests applied to assess the 
level of anaerobic abilities include trials for measuring 
power, speed, and agility (Szopa, 1998; Szopa et al., 
1998; Tomkinson, 2007). 

A review of literature pertaining to the 
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assessment of the level of anaerobic abilities, reveals 
numerous works focused on professional athletes, 
however there is a lack of data concerning the 
assessment of these abilities among physically inactive 
people. Our research defines physically inactive people 
as those exhibiting an average level of physical activity 
for a given population. According to the World Health 
Organization and many researchers dealing with 
human physical activity, the level of physical activity is 
insufficient in the vast majority of countries, especially 
in highly developed ones. The intensity of human 
activity is too low to cover the daily requirements for 
movement, and the scale of this worrisome phenomenon 
is continuously spreading (World Health Organization, 
1998; United State Department of Health and Human 
Services & Office of Disease Prevention and Health 
Promotion, 2002; National Association for Sport and 
Physical Education, 2004; Council on Sports Medicine 
and Fitness & Council on School Health Active Healthy 
Living, 2006; Church, Earnest, Skinner, & Blair, 2007).

The scope of the research presented in this 
article constitutes a part of longitudinal observations 
regarding the health of university students and includes, 
among others, changes over time in the level of anaerobic 
abilities exhibited by physically inactive men, deriving 
from various socio-economic environments (SEE). 
Therefore, the aim of the study was to determine the 
intensity, speed, and direction of changes in anaerobic 
abilities among 1st year students attending the University 
of Warmia & Mazury in Olsztyn (UWM) over the 
years 2000-2006, while accounting for their place of 
permanent residence. 

METHODS
The research was conducted biannually on the 

breakthrough of April and May over the years 2000-
2006. One thousand one hundred and forty-three full 
time 1st year students aged 19-21 who participated in the 
obligatory P.E. classes during the course of the experi-
ment took part in the research (2000 – 499, 2002 – 337, 
2004 – 155, and 2006 – 152). The research was approved 
by the Bioethical Committee and governing bodies of 
the UWM, and each participant gave his written consent 
to take part in the research. All men in the randomly se-
lected groups of students were tested. The vast majority 
of research subjects came from the Warmia & Mazury 
region of Poland (Fig. 1).

Szopa’s et al. classification was used when se-
lecting indirect anaerobic tests. These authors state, that 
factors which integrate the group of anaerobic abilities 
(speed abilities) are, above all: the energy base (an-
aerobic sources) and the speed of muscle construction 
(the time required to reach maximal strength) (Szopa, 
Mleczko, & Żak, 1996). These assumptions are in ac-
cordance with the theory and practical application of the 
physiology of physical activity concerning anaerobic 
performance. This is because the main source of energy 
during maximal short-term effort (lasting up to 60 s) are 
anaerobic processes based on the breakdown of phos-

phocreatine and muscle glycogen (anaerobic glycolysis) 
(Górski, 2006). Research revealed that the selected in-
direct motor trials accurately and reliably measure the 
level of given motor abilities (e.g., anaerobic abilities). 
What is more, similarly to our research, the accuracy of 
these tests was proven on a group of physically inactive 
university students.

In accordance with Szopa’s theory (1998), each 
participant performed four indirect anaerobic trials:

tAll students were given a demonstration and 
instructed on how to perform the motor trials, after 
which they took part in a 10-minute warm-up. Each 
student performed the anaerobic trials twice, with the 
better of the two results recorded. The results of the re-
search were statistically calculated using Statistical PL 
V.8, applying the variance analysis method (F-test) for 
one factor analysis. The means calculated for the “time 
variable” (years = study year) were compared using the 
Newman-Keuls test (Stanisz, 2008). For clearer inter-
pretation of the results the study subjects were divided 
into the following categories based on the population of 
their place of permanent residence: villages, small towns 
(< 20,000 residents), big towns (20,000 – 50,000 resi-
dents), small cities (50,000 – 100,000 residents), and big 
cities > (>100,000 residents).

RESULTS
The results obtained by 1st year students in the 

individual motor trials are presented in tables 1-4 
and account for the place of permanent residence.In 
the standing long jump trial, statistically significant 
differences were observed in all categories of residence, 
with the exception of big cities (Tab. 1). The results of 
village residents in 2000 were significantly higher than 
those in 2004 and 2006. Students permanently residing in 
small towns achieved significantly better results in 2004 
than in 2000 (α = 0.01) and 2006 (α = 0.05). In the group 
of students residing in big towns, the results recorded in 
2006 were significantly higher than in 2004 (α = 0.01), 
as well as 2000 and 2002 (α = 0.05). A statistically 

Fig. 1. Polish voivodeship in which research was
 conducted
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significant linear regression trend was observed only in 
the case of students residing in the country (Tab. 1).

Similarly to the above, a lack of differences in the 
results of the sit ups – 30 s trial was observed in the 
group of students permanently residing in big cities (Tab. 
2). In the case of village residents, highly significant 
differences (α = 0.01) were recorded between 2000 and 
2004, whereas significant differences (α = 0.05) were 
noted between 2000>2006 and 2002>2004. The results 
achieved by permanent residents of small towns in 2006 
were significantly worse (α = 0.01) than in the earlier 
years. In the group of students residing in big towns the 
results from 2000 and 2002 were significantly higher (α 
= 0.01) than those from 2004 and 2006. Men residing 
in small cities achieved significantly worse results in 
2006 (α = 0.05) than in 2002 and 2004. A statistically 
significant decreasing linear trend for the sit ups – 30 
s trial, was observed in the years 2000-2006 among 
inhabitants of three different places, i.e., villages, small 
towns, and big towns.
Statistically significant differences between results 
recorded in the successive years of research for the 

4x10 m shuttle run trial occurred only among students 
permanently residing in big towns (2004>2002 and 
2006), and in small cities (2002 and 2006>2004). 
These differences however, appear to be of a random 
nature since no significant compatibility with the linear 
function was observed in any of the analyzed residential 
categories (Tab. 3). 

In the case of the skipping with clapping of 
hands 8 s trial, statistically significant differences 
were observed in all analyzed categories of permanent 
residence with the exception of small towns (Tab. 4). 
The results of students permanently residing in villages 
achieved in this trial were significantly higher (α = 0.01) 
in the years 2002 and 2006, than in 2004. Statistically 
significant differences (α = 0.05) were also observed 
between the years 2000>2004. The results of students 
permanently residing in big towns obtained in 2000 
were significantly higher than in 2002 (α = 0.01), and 
2004 (α = 0.05). The inhabitants of small as well as big 
cities achieved significantly better results (α = 0.01) in 
2000 and 2002, than in 2006 (and also 2004 in the case 
of small city inhabitants). Further significant differences 

Table 1. Average results in the standing long jump trial accounting for the place of permanent 
residence in the years 2000-2006 ( X ± sd)

Place of permanent 
residence

Years of the study - T Significant 
differences 

among 
years

2000 2002 2004 2006

A - Villages 215.5 ± 29.62
(N=166)

210 ± 26.77
(N=118)

208.3 ± 
28.86

(N=41)

208.8 ± 
28.96

(N=47)
1>3,4*

B – Small towns: 
       < 20,000 inhabitants

212.4 ± 26.73
(N=187)

215.2 ± 23.57
(N=114)

218.0 ± 
20.63

(N=48)

213.3 ± 
29.03

(N=23)
3>1**, 3>4*

C – Big towns: 20,000-
50,000 inhabitants

217.5 ± 27.35
(N=52)

215.5± 24.64
(N=26)

208.1 ± 
29.86

(N=16)

230.6 ± 
55.99

(N=23)

4>3**, 
4>1,2*

D – Small cities: 50,000-
100,000 inhabitants

215.3± 22.84
(N=24)

207.0 ± 22.37
(N=27)

204.0 ± 2.83
(N=7)

213.7 ± 
47.21

(N=17)
 1>3**, 4>3*

E – Big cities:
     > 100,000 inhabitants

219.0 ± 20.67
(N=70)

211.2 ± 34.16
(N=52)

215.5 ± 
24.93

(N=43)

217.6 ± 
40.80

(N=42)
     Lack

Results of regression analysis 

Place of permanent 
residence

Correlation
coefficient

Percent of 
explained 
variability

F value Regression equation

A -0.850 72.25 2.603 A=-2.18T+216.10
B -0.032 0.10 0.001 Lack
C 0.440 19.33 0.240 Lack
D -0.187 3.51 0.036 Lack
E 0.004 0.01 0.000 Lack

 * Statistically significant differences at 05.0=a  0.05       **Statistically significant differences at 01.0=a  0.01
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(α = 0.05) were noted between 2002>2000 in the group 
of men residing in big cities. A statistically significant 
linear trend indicating a regression of results for the 
skipping with clapping of hands – 8 s trial occurred only 
among students residing in small towns. 

DISCUSSION 
Only nine publications concerning secular 

trends in the level of children’s and youths’ anaerobic 
abilities (Przewęda & Trześniowski, 1996; Lefévre, 
Bouckaert, & Duget, 1998; Hamlin, Ross, & Hong, 
2002; Tomkinson et al., 2003; Tomkinson, Hamlin,  
Ross, & Hong , 2006; Tomkinson, 2007; Przewęda & 
Dobosz. 2007; Albon, Hamlin, & Ross, 2010; Moliner-
Urdiales et al., 2010) were published over the past two 
decades and even fewer were conducted on students 
at the onset of their university education (Tamotsu, 
Yoshihide, & Minoru, 1989; Cleassens & Lefevre, 1992; 
Pilicz, 2000; Cuberek & Machova, 2009; Podstawski, 
Siemianowska, & Skibniewska, 2010). The results of 
our studies on university youth enrich knowledge on this 
topic, especially that many of the available publications 
date back over half a century. This fact significantly 
increases the value of the results presented within this 
article but on the other hand, makes it impossible to 

compare them. 
In the case of students (women and men) 

beginning their studies at the Warsaw Technical 
University, gradual positive changes in the level of 
anaerobic abilities occurred between the years 1953 
and 1987. The observed changes concerned two motor 
tests: the standing long jump and zig-zag run (envelope 
run). Research conducted on female students of the 
UWM in Olsztyn over the years 2000-2006 accounting 
for the permanent place of residence, showed statistical 
differences in the results of nearly all applied anaerobic 
tests: the standing long jump, skipping with clapping of 
hands, sit ups –  30 s, and shuttle run 4x10 m), with 
a few exceptions. In trials such us the standing long 
jump, skipping with clapping of hands, and the 4x10 m 
shuttle run, a lack of significant differences was noted 
among women residing in small cities, and in the case 
of the sit ups – 30 s trial, among women residing in big 
towns. Linear trends were not analyzed in this research 
(Podstawskiet al., 2010). 

Similar research was also conducted on Czech 
physical education students enrolled of the Palacky 
University in Olomouc applying the 100 m dash trial 
(Cuberek & Machova, 2009). These studies revealed that 
a decrease in the level of anaerobic abilities occurred in 

Table 2. Average results in the sit-ups – 30 s trialaccounting for the place of permanent 
residence in the years 2000-2006 ( X ±sd)

Place of permanent 
residence

Years of the study - T Significant 
differences 

among 
years

2000 2002 2004 2006

A - Village 26.3 ± 
4.23

25.9 ± 
3.78 24.6 ± 4.57 25.2 ± 4.34 1>3**,,2>3*, 

1>4*

B – Small town < 20,000 
inhabitants

25.8 ± 
4.50

25.8 ± 
3.92 25.9 ± 4.47 22.8 ± 4.70 1,2,3>4**

C – Big town of  20,000-
50,000 inhabitants

25.8 ± 
3.97 26.0± 4.35 24.14 ± 3.52 24.6 ± 4.06 1,2>3,4**

D – Small city of 50,000-
100,000 inhabitants

25.7± 4.09 26.5 ± 
3.34 27.5 ± 0.71 25.0 ± 3.03 2,3>4*

E – Big city > 100,000 
inhabitants

25.5 ± 
4.45

26.1 ± 
3.91 26.8 ± 5.21 25.4 ± 3.65 Lack

Results of regression analysis 

Place of permanent 
residence

Correlation
coefficient

Percent of 
explained 
variability

F value Regression equation

A -0.789 62.24 1.648 A=-0.46T+26.65
B -0.757 57.34 1.344 B=-0.89T+27.30
C -0.788 62.04 1.635 C=-0.54T+26.50
D -0.132 1.74 0.016 Lack
E 0.080 0.64 0.006 Lack

* Statistically significant differences at 05.0=a  0.05       **Statistically significant differences at 01.0=a  0.01                                                              
The numbers of individuals as in table 1
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Table 3. Average results in the 4x10 m shuttle run trial accounting for the place of
permanent residence in the years 2000-2006 ( X ±sd)

Place of permanent 
residence

Years of the study - T Significant 
differences 
among years2000 2002 2004 2006

A - Village
10.9 ± 1.96 11.2 ± 

3.15 11.0 ± 1.06 10.7 ± 1.52 Lack
B – Small town < 20,000 

inhabitants
11.0 ± 1.87 11.3 ± 

3.07 11.2 ± 1.39 11.2 ± 1.19 Lack
C – Big town of  20,000-

50,000 inhabitants
11.1 ± 1.31 10.8± 0.90 11.6 ± 2.08 10.5 ± 1.66 3>2,4*

D – Small city of 50,000-
100,000 inhabitants

10.5± 0.90 11.3 ± 
4.01 10.2 ± 0.35 11.2 ± 1.30 2,4>3*

E – Big city > 100,000 
inhabitants

10.8 ± 0.85 10.6 ± 
0.90 10.9 ± 1.68 10.7 ± 1.44 Lack

Results of regression analysis 

Place of permanent 
residence

Correlation
coefficient

Percent of 
explained 
variability

F value Regression equation

A -0.496 24.62 0.327 Lack
B 0.513 26.32 0.357 Lack
C -0.275 7.58 0.082 Lack
D 0.241 85.81 0.062 Lack
E 0.000 0.00 0.000 Lack

* Statistically significant differences at 05.0=a  0.05       **Statistically significant differences at 01.0=a  0.01                                                              
The numbers of individuals as in table 1

Table 4. Average results in the skipping with clapping of hands – 8 s trial  accounting for
the place of permanent residence in the years 2000-2006 ( X ±sd)

Place of permanent 
residence

Years of the study - T Significant 
differences 

among years2000 2002 2004 2006

A - Village 28.1 ± 4.61 28.7 ± 
4.32

27.2 ± 
3.21

29.0 ± 
5.06 4,2>3**,1>3*

B – Small town < 20,000 
inhabitants

28.4 ± 4.56 28.5 ± 4.3 27,8 ± 
3.95

27.6 ± 
2.95 Lack

C – Big town of  20,000-
50,000 inhabitants

29.3 ± 4.79 28.0± 
6.21

28.6 ± 
3.03

28.8 ± 
4.28 1>2**, 1>3*

D – Small city of 50,000-
100,000 inhabitants

30.0± 5.74 29.6 ± 
4.72

30.5 ± 
3.54

27.9 ± 
3.99     1,2,3>4**

E – Big city > 100,000 
inhabitants

28.2 ± 4.50 29.7 ± 
2.94

27.0 ± 
4.25

27.3 ± 
4.06 1,2>3,4**,2>1*

Results of regression analysis 

Place of permanent 
residence

Correlation
coefficient

Percent of 
explained 
variability

F value Regression equation

A 0.195 3.81 0.400 Lack
B -0.904 81.79 4.491 B=-0.31T+28.85
C -0.216 4.67 0.049 Lack
D -0.618 38.17 0.617 Lack
E -0.575 33.06 0.494 Lack

* Statistically significant differences at 05.0=a  0.05       **Statistically significant differences at 01.0=a  0.01                                                              
The numbers of individuals as in table 1

Podstawski,  Borysławski,   and Choszcz 



9RIK, (1), 2013

the first three years (1991-1993) followed by an increase 
over the next eight years (1993-2001), but once again 
lower results in 2006 than at the commencement of 
research. On the other hand, observations regarding 
changes in the speed abilities of Belgian students at the 
Katholieke Universiteit Leuven showed that students 
tested in the academic year 1988/1989 achieved faster 
times when running 100 m than their peers assessed 15 
years earlier (Cleassens & Lefevre, 1992). A similar 
phenomenon took place among Japanese students 
performing anaerobic motor trials in the years 1964-
1987. Results of the standing long jump and 100 m dash 
trials in those years indicated a positive linear trend 
(improvement of results) (Tamotsu et al., 1989). 
 Our analysis of changes in the level of 1st 
year students’ anaerobic abilities, when accounting for 
the place of permanent residence revealed statistically 
significant differences in every applied anaerobic trial 
over the years 2000 – 2006. Such studies serve as an 
example of an observation of changes in a smaller 
area and population, and due to the fact that they were 
conducted systematically (every two years) give a more 
accurate picture of changes over time. They also provide 
significant differentiation of results based on the applied 
environmental factor (place of permanent residence). 

Regression analysis revealed a negative linear 
trend in the students’ performance of certain trials i.e., 
the standing long jump (village residents), sit ups – 30 s 
(residents of villages, as well as small and big towns) and 
skipping with clapping of hands – 8 s (residents of small 
towns). The decrease in the level of anaerobic motor 
fitness among male students beginning their education at 
the UWM in Olsztyn, may be the negative consequence 
of the continuously decreasing level of physical activity, 
which coincides with the growing number of overweight 
and obese adults (Donnelly, et al., 2009; Van Tuyckom 
& Scheerder, 2010). According to the National College 
Health Risk Behavior Survey, approximately 35% of 
students enrolled in American colleges and universities 
are overweight (Lowry, et al., 2000).

Among the motor trials applied in our research, 
the standing long jump, 4x10 m shuttle run and sit ups 
- 30 s (anaerobic power), are generally considered to 
be accurate and reliable tools for assessing the level of 
anaerobic abilities (Szopa et al., 1998; Szopa, 1998). On 
the other hand, the accuracy of the sit ups – 30 s trial 
for assessing anaerobic performance (speed abilities) 
among people who do not have enough abdominal 
strength (especially children and women) is doubtful 
and for these subjects, this trial is a better indicator of 
strength abilities (Podstawski et al., 2010; Podstawski & 
Borowska, 2010). This stems directly from the fact that 
the accuracy of indirect motor trials is strongly dependent 
on sex and age (Mynarski, 2000); for example, a test 
accurately measuring the level of strength abilities in 
a given age group can more accurately assess the level 
of speed abilities in a different group. When classifying 
motor abilities one must also account for their complex 

collective structure i.e., the majority of indirect motor 
trials do not measure specific motor abilities, but 
rather their combinations (Szopa, 1998). This is why, 
according to Raczek’s theory (2011) speed abilities have 
been included in the group of hybrid abilities (without 
a clear dominant). The accuracy and reliability of the 
skipping with clapping of hands – 8 s trial remains in the 
initial phase of research, however preliminary studies 
revealed that it is significantly positively correlated with 
other anaerobic trials, such as:  the 4x10 m shuttle run (r 
= +0.73), sit ups – 30 s (r = +0.62) and the standing long 
jump (r = +0.58) (Podstawski, Borysławski, & Grymuza, 
2010). Such a correlation is one of the criteria for 
assessing the above mentioned trial’s level of accuracy. 

CONCLUSIONS
An influence of the place of permanent 

residence on the average values of results achieved in all 
the applied anaerobic tests, which changed significantly 
over the analyzed time period, was observed. Three 
of the analyzed anaerobic trials displayed statistically 
significant linear trends, which indicated a decrease 
in the level of the students’ motor abilities dependent 
on the place of their permanent residency. These trials 
were: the standing long jump – village residents, sit 
ups 30 s – village residents as well as small and big 
town residents, and skipping with clapping of hands 
– residents of small towns. These changes, therefore, 
pertained only to students from villages and towns. The 
research ought to be continued and its scope extended to 
include further years, in an effort to lengthen the study 
period and give us a better understanding to the reason 
behind the changes in anaerobic performance observed 
over time and to what extent they are influenced by the 
subjects’ place of permanent residence.
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Апстракт
Целта на истражувањето беше да се утврди односот и насоката на промените на ниво на 

анаеробна изведба забележана кај студенти на првата година на Универзитетот Вармиа и Мазури 
во Олстин според местото на нивниот постојан престој. Истражувањето се спроведуваше двапати 
годишно во периодот од 2000 до 2006 година, за време на задолжителните часови по физичко 
образование. Испитуваната група се состоеше од 1,143 редовни студенти на возраст од 19 до 21 година 
(2000 - 499, 2002 - 337, 2004 - 155, и  2006 - 152). Притоа беа употребени четири индиректни анаеробни 
теста, т.е. скокови од место во далечина, вежби од лежечка во седечка положба – 30 с, 4х10 м шатл 
трчање и прескокнување со плескање со раце – 8 с. Во три теста беа забележани статистички значајни 
линеарни трендови кои покажуваат намалување на нивото на анаеробните способности на студентите 
и беше утврдено дека тие зависат од местото на постојан престој. Тоа се однесуваше на: скоковите 
од место во далечина за жители на селски средини,  вежби од лежечка во седечка положба – 30 с за 
жители на селски средини и студенти кои живеат во големи градови, и прескокнување со плескање 
со раце – 8 с за жители на мали градови. Овие промени се однесуваа само на студенти кои доаѓаат од 
места населени со помалку од 50,000 жители. 

Клучни зборови: sekularni promeni, anaerobni sposobnosti, studenti, 
urbaniziran  status, anaerobni testovi, analiza na varijansata,
regresivna analiza
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