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MICROBIAL GROWTH FLUCTUATING IN RESPONSE
TO SOLAR-TERRESTRIAL ACTIVITY VARIATIONS

Populations of microorganisms display fluctuations in the variable physiological and biochemical proper-
ties during cultivation under constant laboratory conditions. A series of explanations were proposed for this
phenomenon, and different factors were studied as possible regulators. It was found that such fluctuations pos-
sess cosmic rhythms, but no factor(s) were proposed that could sufficiently explain and predict the magnitude
of changes that happened on a daily basis in the long-term experiments. In this study we investigated specific
growth rate fluctuations of Saccharomyces cerevisiae yeasts that were marked daily during cultivation under
constant conditions. The effects of different solar and terrestrial factors were then analysed. The significant
correlation indices were found for growth rate fluctuations against solar wind speed and the number of flares M
on the Sun. These two factors determined the cyclic nature of the growth rate fluctuations, and thus its general
course of increase or decrease. The effects of several other factors (Flares C number, planetary A index varia-
tion, and changes in the atmospheric factors such as temperature and humidity) and their two-way interactions
were significant in producing an equation to describe the magnitude of changes of the yeast s growth parameters.
The R? of the equation achieved 91 % and adjusted R> was 78 %. It is obvious that temperature and humidity are
the factors that cannot directly influence the yeast populations under laboratory conditions and thus we suppose
that they only reflect modifications of the really important factor(s) that take place in the Earth's atmosphere. We
have concluded that different solar and terrestrial factors are responsible for the fluctuations in the daily kinetic
parameters of the yeast growth.
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Living organisms are open systems and their development depends on both the direct contact
with external physical, chemical and biological factors and a possibility of forming appropriate
responses to the action of these factors. As a consequence, flows of processes in the nonliving and
living nature have general rules and therefore biological objects possess cosmophysical rhythms
[3]. Current knowledge in the field of biological rhythms is extremely poor. It is well known, that
animals, plants, fungi and cyanobacteria display seasonal and daily or circadian rhythms in their
biochemistry, physiology and/or behaviour [7, 8, 10]. However, much remains undecided at present,
for example, whether seasonal reproduction is mainly a direct response to environmental conditions
or whether it involves the photoperiodic machinery with memory capacities and relationship to the
circadian system [7]. Woelfle and Johnson [10] asserted that «a variety of biological processes in
various organisms are controlled by biological clocks. These processes include gene expression,
photosynthesis, sleeping/waking and development and this regulation is thought to help organisms
adapt to the daily changes in light, temperature and other factors in their environment. Circadian
regulation of gene expression (i.e., the levels of specific proteins in cells) can be accomplished by
clock control of transcription, mRNA stability, translation and protein degradation». Nevertheless,
the reasons why the same biological process runs different ways from one day to the next are still
unclear as are the factor(s) that influence the work of biological clocks [4, 6]. Undoubtedly the
cosmo-physical factors have a significant influence on different processes of the Earth, whilst the
analysis of the literature shows that most research is aimed at discovering the mechanisms of sea-
sonal and circadian rhythms rather than the solar and geophysical activities and thus, the cosmic
rhythms remain almost completely unconsidered [1, 5].

Thus the main task of our study was to explore fluctuations in the specific growth rate param-
eters of the yeast Saccharomyces cerevisiae, which occur under constant laboratory conditions, and
to analyse findings by comparing them with the parameters of activity of the solar and atmospheric
factors during the same period.

MATERIALS AND METHODS

Yeast strain and cultivation parameters. The yeast Saccharomyces cerevisiae strain Y-517 from
the Ukrainian Collection of Microorganisms at the Zabolotny Institute of Microbiology and Virol-
ogy of NAS of Ukraine were used in this study. The culture of yeast was initially grown on agar
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medium at 28 °C during 24 h and then washed off with sterile distilled water, filtered and diluted
to 10° cells/ml (OD_,, = 0.75). Aliquots of received cell suspension were added to 10 ml of Ryder
medium in 50 ml glass flasks and the concentration was adjusted to 10° cells/ml. The Ryder medium
consisted of 3 g/l (NH,),SO,, 0.5 g/l NaCl, 0.7 g/l MgSO x7H,0, 1 g/l KH,PO,, 0.1 g/l K.HPO,,
0.2 % yeast-extract, 1 % glucose. The pH of the media was adjusted at 5.4+0.05. Incubation was
carried out on a shaker at 240 rpm at 28+0.5 °C in darkness.

Growth rate experiments. Cultivation of the yeast cells was started at the same time every day.
The specific growth rate («, h'') was found as the increase in cell mass per unit cell mass per unit
time (SGR = Ln (N, /N,)/ (t, - t,)). Biomass increase was controlled every 0.5 h by optical density
measurements at a wavelength 540+10 nm in a cuvette with optical way of 3 mm. The log-phase
was common in the range of 6 h and 8 h of cultivation. Each daily average of the specific growth rate
index was based on a minimum of three independent repeats.

Solar and terrestrial factors. Data about solar and geomagnetic activity for the period of ex-
periment (from January 21 to June 10, 2003) were taken from the website: http://www.dxlc.com/
solar/indices.html. Geomagnetic activity was assessed using planetary 4 (4,) index. Parameters of
the atmospheric factors (temperature (Celsius), pressure (mm-Hg) and relative humidity (%)) were
received daily from the website: http://www.gismeteo.ua.

Statistical analyses. Statistical data processing was carried out with STATISTICA (data analy-
sis software system), version 6 (StatSoft, Inc. 2001, www.statsoft.com). The Shapiro-Wilk #-test
was used in testing for non-normality. The fluctuations of the averages of specific growth rate of
the yeast obtained in the daily experiments over a two and a half month period were compared with
fluctuations of the solar and terrestrial factors activity for the same period by Spearman rank order
correlation analyses.

An analysis of variance (ANOVA) for high-order linear (L) and quadratic (Q) main effects as
well as two-way interactions models of influences of solar, geomagnetic and atmospheric factors on
the yeast growth rate were carried out by the central composite design. This design was used to fit to
the data of the general model of the type:

y=b,+b*x + .. +b*x +b *x*x,+b *x*x +..+b_*x*x_ +b *x>+. . +b *x2

x, stands for the factor values for factor #, and y stands for the dependent variable values. The
effects of solar and terrestrial factors were studied using three models, where Model 1 included the
solar and geomagnetic factors, Model 2 examined atmospheric factors and Model 3 considered all
available factors.

Results

Cosmo-physical variations and those in the atmospheric factor in SGR fluctuations. Popula-
tions consist of the great number of individual living organisms possessing their own internal fea-
tures, which put them out of an association. Investigation of kinetic indices of population growth is
the averaging of properties of all organisms belonging to it [9]. This implies that the general courses
of events inherent in a population are described by the mean values of kinetic indices, which are
obtained by researchers through experimentation. In this case, the dispersion can be the measure of
heterogeneity and indicate the undoubted existence of intrapopulation differences between individu-
als. The specific growth rate of a microbial population reflects great amount of interactions between
living organisms and their environment and is one of the most important kinetic indices that describe
the developmental processes of the population [6, 9]. Therefore we used the daily averages of spe-
cific growth rate index to estimate its fluctuations marked in the daily experiments over more than
two months. Values of specific growth rate as well as mean, maximum and minimum values of the
factors of solar-terrestrial activity and atmospheric activity for the days on which experiments were
carried out, are presented in Table 1.

The mean value of specific growth rate (SGR) during this period was 0.293 + 0.055 h’!, and its
minimum and maximum values were 0.134 h'! and 0.439 h!, respectively. During the period of the
experiments several geomagnetic storms occurred and the A, index reached 54 nT. Maximum and
minimum values of the Sunspot number were 190 and 41. The number of Flares C was, as expected,
more prevalent than Flares M, while Flares X were absent during this period. The atmospheric Pres-
sure changed slightly (74.9 + 0.9), while the Temperature and Humidity both varied significantly.
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Table 1
Parameters of specific growth rate of Saccharomyces cerevisiae Y-517 and factors of solar-

terrestrial and atmospheric activity for the days on which experiments were carried out.

hapiro-Wilk W test
Min. Max Shapiro-Wilk W tes

Item Mean = SD . of normality
value value

4 p
Specific Growth Rate of S. cerevisiae
Growth rate, daily means 0.293 + 0.055 0.134 0.439 0.90 0.004
Solar-Terrestrial Activity
Solar flux, units (10 W/m*Hz) 126.8£12.9 96.1 155.7 0.99 0.939
Sunspot number 108.3 £40.4 41.0 190.0 0.96 0.240
Flares: C 357+£32.4 10 140 0.79 0.000
M 133+5.2 10 20 0.47 0.000
X 0 0 0 - -
A, index (daily low-high), n'T 18.1+11.8 3.0 54.0 0.89 0.000
A, index (daily means), nT 155+49 5.0 28.0 0.94 0.064
Solar wind speed (daily low-high), km/sec ~ 544.1+127.2  338.0 971.0 0.95 0.001
Solar wind (daily means), km/sec 5442 +98.5 382.0 755.0 0.96 0.192
Atmospheric Activity
Temperature, °C -1.8+6.0 -15.0 25.0 0.73 0.000
Pressure, mm-Hg 749 +0.9 73.1 71.3 0.97 0.364
Humidity, % 77.2+12.5 49.0 93.0 0.89 0.002

The Shapiro-Wilk test of normality (W statistics) showed that we were dealing with a population
of observations that composed some samples which are unlikely to be from a normal distribution.
W statistics was significant for the Flares C and M, for the 4, index, the Solar wind speed daily
low-high values and for the atmospheric Temperature and Humidity. Therefore, the hypothesis that
the respective distributions are normal should be rejected. Among solar-terrestrial factors the daily
means for the Solar flux, the Sunspot number, the 4, index and the Solar wind speed were likely
to have normal distribution. The Pressure was the only variable with a normal distribution among
atmospheric factors. Therefore, in further analysis we used the Spearman rank order correlation
coefficient measurements to investigate relationships between our variables.

Correlation analysis showed high correspondence between values of the SGR and the Solar
wind speed (SWS) as well as between the SGR and the Flares C and M (Table 2). The SGR cor-
related much better with the averaged SIS data (-60 %, p<0.001) than with its objective minimum
and maximum values. This seems logically relevant since the values of the specific growth rate are
measured in the logarithmic phase, the parameters of which depend significantly on the environment
generally and during the lag-phase specifically. Hence, the magnitude of the SGR depends on the
growth strategy that cells have chosen over the previous hours of the preceding stages of growth. An
equation for such a correlation appears as shown below:

SGR = 154.9 - 0.1*SWS, (R*=0.31).

A significant negative relationship was noted between the SGR and Flares C and M (-35 % and
-47 %, respectively). The correlation of the SGR with Flares M looked at first artificial since during
only six days of the entire period of investigation this type of flare was present. Nevertheless, de-
tailed analyses showed that in the days when Flares M were multiple, an increase of the SGR values
occurred, whilst in the days of only one such flare the SGR decreased although the day before and
after this event the SGR indexes were much higher.

Interestingly, there was a 44 % correlation between the SWS and 4, index but this was not re-
flected in the relationship of the latter with the SGR.

Besides those correlation indices presented in Table 2, additional statistically significant cor-
relations were found when we examined percentages of the original values of our variables. The
Temperature variable correlated with that of Pressure (R=-0.37, p<0.032) and with the Humidity
fluctuations (R=0.45, p<0.007) during the period of experiments. Furthermore the Pressure showed
correlation with the Solar Flux (R=-0.41, p<0.016) and the Sunspot number (R=0.38, p<0.027) but
relationships of variables with SGR did not alter substantially.
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Table 2.
Correlations of values of Saccharomyces cerevisiae specific growth rate (h') with solar,
geomagnetic and atmospheric factors.

Yeast specific growth rate, h*!

Factors
Spearman rank order correlations

Solar flux 0.04
Sunspot number 0.19
Flares C -0.35 (p=<0.038)*
Flares M -0.47 (p<0.004)
A, index -0.16
A,index, daily low-high -0.14
Solar wind speed, km/sec -0.53 (p=<0.0001)
Solar wind speed, km/sec (daily means) -0.60 (p<0.0001)
Temperature, °C -0.15
Pressure -0.16
Humidity, % -0.14

*The p values are presented for significant correlations only.

Smoothing of the data usually provides a clearer picture of the overall shape of the relationship
between the x and y variables. For this reason we used the lowest smoothing method and the nega-
tive relationship of the SGR with the SWS and the Flares C became more obvious (Fig. 1). SGR ex-
hibited a pronounced tendency to increase in the periods when both the number of the Flares C and
speed of the Solar wind decreased and vice versa. However, whereas correlation indices of the SGR
with the SWS parameters as well as with the Flares C and M numbers were significant, no relation
was found between the SIS and the numbers of Flares C and M for this period. This last finding cor-
responds well with the data of [2], which showed a progressive decrease in the relationship between
the number of flares on the Sun and parameters of the solar wind over several previous decades.

140

120

100

Growth Rate

80

60

Solar wind speed
\ Specific growth rate
\ Solar wind speed

40

20

140

90

Growth Rate

60
40
20

Flares C

S Specific growth rate

>\ Flares C

Fig. 1. Correspondence between the specific growth rate (h) of Saccharomyces cerevisiae, the

Solar wind speed (km/sec) and the number of Flares C. Real values are presented by broken

lines whereas smoothed values were obtained using the lowest smoothing method. For better

visualisation the Solar wind speed data was decreased ten times and the Flares C number
magnified ten times.

Undoubtedly, the common tendencies found between these variables cannot explain all the per-
turbations that occurred on a daily basis in the yeast growth rate values. Firstly, significant decreases
or increases in the yeast growth rate were not proportional in magnitude to changes in the SWS
on certain days during the experiment (especially the first ones). Secondly, it appears more likely
that the interaction between SGR and these two variables had a positive correlation in the first and
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last days. Excluding these days from the analysis revealed a 39 % (p<0.039) negative correlation
between the SGR values and the number of Flares C. Thirdly, microbes did not achieve maximal
growth rate values in the SIS minimums but one or two days before the SWS achieved its maxi-
mum. Thus it seems obvious that the SGR fluctuations are not the result of changes in the number
of Flares C and the SWS parameters alone and consequently other active factor(s) and, correspond-
ingly, more complex relationships should be found.

Analysis of variances and model design. We used central composite design to investigate the
most complicated model, which included linear and quadratic main effects and two-way interaction
effects of the solar-terrestrial factors on the SGR values. Rearrangement of all available variables
showed that three factors are enough to explain at least 60 % of oscillations of the SGR noted dur-
ing the period of the negative correlation. These factors are the number of Flares M, the Solar wind
speed and the 4, index. The SWS linear effects were found to be the greatest contributor with partial
R? equal to 0.99 whilst the quadratic effects of 4, index and the number of Flares M were second
and third order contributors with partial R equal to 0.97 and 0.93, respectively. These three factors
are enough to explain 94 % of the marked SGR fluctuations during the days of positive correlation.
However, such an approach left it unclear which factor(s) are able to change a positive correlation
between the values of SGR, the SWS and the solar Flares C, to a negative one.

To reveal the factor(s) responsible for the changes in the correlation indices between variables
measured above, we analysed changes of the SGR against the fluctuations in activity of the solar
and geomagnetic factors (Model 1), the atmospheric factors (Model 2) and all variables combined
(Model 3). ANOVA effects used to predict the SGR and efficacy of solar-geomagnetic and atmo-
spheric factors in the formation of the SGR are shown in Table 3. In the first approach (Model 1),
factors involved in the computation of linear and quadratic main effects were the Solar flux, the
Sunspot number, the Flares C and M, the SWS and the 4, index. In this model the solar wind speed
parameters and the number of flares M on the days of this experiment were the largest contributors
to the investigated effect. The R? of this model was 62 % and adjusted R? was 41 %. In Model 2
only the Humidity showed an effect on the SGR. The R? and adjusted R? values for this model were
to lower than in the previous one and round 42 % and 29 %, respectively. Finally, in Model 3 where
all factors were combined, the SGR values were found to be dependent on and correlated with the
number of flares M, the 4, index and the Humidity values. The R* and adjusted R* values for this
model were 78 % and 54 %, respectively. The atmospheric Humidity and the Flares M were the two
factors contributing the most to the overall effect.

The above calculations show that the effects of solar and geomagnetic factors without taking
into account the influence of atmospheric factors (Model 1) were only able to explain 62 % of the
SGR fluctuations. Similarly, the atmospheric factors effects alone (Model 2) were not sufficient to
provide a good prediction of the SGR values. Combination of the model with two-way interaction
effects contributed to an increase in R* value from 78 % to 91 % with adjusted R? = 78 %. The equa-
tion for this model is as follows:

SGR=61.0+14.0*Ap—0.09*SWS + 74.5*FIC — 1.0*FIC* + 1048.5*FIM + 130.1*FIM>-2.0*T
+0.1*¥T? — 2.5*M — 0.03*Ap*SWS + 1.6*Ap*FIC — 37.6*Ap*FIM + 0.4*Ap*T — 0.1*SWS*FIC
— 0.8*SWS*FIM — 0.01*SWS*T + 0.01*SWS*M — 62.5*FIC*FIM — 0.9*FIC*T — 0.5*FIC*M —
71.6¥FIM*T

Combination of the model with the two-way interactions produced the equation with a better
predicting potential. Although we finally developed an overly complex model, it explained the in-
cidences where we found positive and negative correlation indices between fluctuations of the SGR
values with the SWS and the solar Flares C. For example, factors such as the 4, index, the SIS, the
Flares M number, the atmospheric Pressure and Humidity had slightly varied activities at the begin-
ning of our investigations. During that period the SGR fluctuations substantially depended on the
abrupt changes in the number of the solar Flares C (Fig. 1) and the simultaneous rise in temperature
from minus 6 °C to minus 1 °C. In the final days, of all investigated factors, only the SWS was as low
as in the beginning (425+15 km/sec) and we noted the same positive correlation between the SGR
fluctuations and the Flares C number. A drastic increase of the Flares C number from 0 through 10
to 140 resulted in 20 % increment of the SGR on these days. The next days a decrease of the Flares C
number to zero and an increase of the SWS to 700 km/sec retarded the speed of yeast growth. The
marked negative correlations between the activities of solar factors and the SGR of the yeast popula-
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tion on other days cannot be explained by simple changes in the SWS and the Flares C number, thus,
a more sophisticated equation should be applied to explain such effects. The equation found with the
help of the central composite design explained the observed fluctuations of the SGR without divid-
ing them into any periods of positive or negative correlations. The high correspondence between the
values observed in the experiment and those predicted by the above equation is shown in Fig. 2.
Table 3.
ANOVA effects coefficients + SE for models* assessing environmental factors influencing the

fluctuations of specific growth rate of Saccharomyces cerevisiae Y-517.

Model 1 Model 2 Model 3
Variable (R*=0.62; (R*=0.42; (R*=0.78;
Adjusted R>= 0.41) Adjusted R>= 0.29) Adjusted R*= 0.54)

Intercept 77.46 +8.29* 104.21 £7.14* 79.26 + 11.52*
Solar flux (L) -31.69 + 19.02 - -60.52 £26.26 ¢
Solar flux (Q) 27.23 £28.18 - 47.27 £ 39.60
Sunspot number (L) 10.85+13.79 - 20.11 £ 17.08
Sunspot number (Q) -36.00 £22.82 - -44.32 +£23.29
A, index (L) 13.80 + 12.58 - 11.38 +14.39
A, index (Q) -55.48 £22.02¢ - -63.82 £20.66 "
Solar wind speed (L) -34.58 £11.37" - -29.09+11.88¢
Solar wind speed (Q) -0.18 £ 17.96 - 3.33+16.93
Flares C (L) -0.87 £ 16.36 - -2.48£18.26
Flares C (Q) 18.09 £25.43 - -11.10 £29.03
Flares M (L) -8.11 +£13.05 - -6.91 £ 12.61
Flares M (Q) 46.66 = 19.97 ¢ - 53.36+19.84¢
Temperature (L) - -8.47 +15.84 -31.90 +£22.26
Temperature (Q) - 46.78 +30.04 44.02 +38.58
Pressure (L) - -27.02 £ 13.96 -28.44 £15.23
Pressure (Q) - -1.14 £19.82 -21.09 +£22.19
Humidity (L) - 3.05+11.47 13.27+£13.75
Humidity (Q) - -69.20+17.71 ® -37.68 £19.02

*Model 1 includes solar-terrestrial factor only; Model 2 includes atmospheric factors only, Model 3 includes
all environmental factors.

L and Q — are the linear and quadratic main effects.

P values for these variables <0.001; °P value for these variables <0.01; P value for these variables <0.05.
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Fig. 2. Observed and predicted values of the specific growth rate fluctuations of the yeast

Saccharomyces cerevisiae under different solar-terrestrial factors activity.

According to the found regression equation any increase of the 4, index and/or the number of
Flares C and M should result in the microorganisms’ growth intensification. While the increase of
the SWS values and/or atmospheric humidity should lead to a reduction of the SGR. The atmospheric
Temperature is characterized by the “transition point”, under which any rise of the temperature leads
to decrease of the SGR and above which the growth rate increases with increasing temperature.
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Hence, the increase in the solar flare activity and strong geomagnetic disturbances should lead to the
intensification of the SGR. However, this will not take place as both those factors are accompanied
by increased SWS, which is the most important determinant of resultant SGR (Fig. 3). Consequently
it is most probable that the growth rate of microbes will decrease during the geomagnetic storms.

Solar wind speed -3,303

Flares M -1,369

Ap index 0,722

Flares C -0,571

Moisture -0,083

Temperature

p=,05
Effect Estimate (Absolute Value)

Fig. 3. Pareto chart of the linear main effects of the variables on the Saccharomyces cerevisiae
specific growth rate fluctuations.

Discussion

It appears evident that daily variations in specific growth rate of yeasts marked by us during
investigation of growth processes in a periodic culture, correlate well with cosmophysical factors
such as the Solar wind speed, the A, index, and the number of Flares C. In all cases the marked de-
pendences of correlations were considerably higher than 95 %. It is important that higher correlation
indices correspond exactly to mean values of those variables because the experiments on determina-
tion of specific growth rate took about 10 hours daily, and during such time the cosmophysical and
atmospheric factors usually change their values several times. Therefore the specific growth rate is
an averaged result of the prolonged influence of different factors on heterogeneous population [6, 9].
In other words, the environmental factors exert influence on the general course of a biological pro-
cess increasing or weakening it. Deviations from a mean some days (described with dispersion) are
more credibly explained by individual physiological and biochemical responses of cells in response
to the global action of external regulators of development, and that is why they correlate poorly with
cosmophysical factors.

The effects of cosmic factors alone, ignoring the action of the atmospheric ones (Model 1), did
not allow the production of a model (even complex) with high descriptive character. In the same
way the effects of atmospheric factors alone (Model 2) were found insufficient and explained no
more than 42 % of SGR fluctuations. The simultaneous use of all accessible factors (Model 3) led to
substantial increasing of the predictor possibilities of the regression equation (R>=0.91).

It is obvious that such factors as the Temperature and Humidity are unable to exert direct action
on the changes of the SGR of microbes kept in the laboratory conditions. However, at least two as-
sumptions may be made about the role of these factors and consequently the mechanism(s) of their
action. (i) Activity of these factors depends on some other factor(s) that was not examined in our re-
search, and using them in this analysis allowed us indirectly to take into account the influence of that
factor of unknown nature, which affected the SGR fluctuations along with cosmophysical factors.
(i1) Air temperature, humidity and pressure undoubtedly influence the potency of cosmic-factors to
disturb the biosphere processes. For example, they characterize the ability of cosmic rays, electro-
magnetic radiation and charged particles to penetrate into the depths of the atmosphere, the surface
and depths of the earth and hydrosphere and affect biocenosis, all these in turn lead to the inevitable
local or global changes of the same atmospheric indices. Activity of these factors can both result in
and be a reflection of the activity of solar and geocosmic factors and can play a role of a circumter-
restrial amendment or clarification of the actions of the studied cosmophysical factors.

Therefore, the fluctuations that one can note in the biological processes under constant labo-
ratory conditions are the result of the multifactor action and some of these factors may be of the
cosmic origin.
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KOJIEBAHUSA CKOPOCTH POCTA MUKPOOPI'AHU3MOB B OTBET HA
M3MEHEHUA AKTUBHOCTHU COJTHEYHO-3EMHBIX ®AKTOPOB

Pesrome

HectabunbHOCTD pa3IuYHBIX (HH3UONOTUUECKUX M OHOXMMHUYECKUX CBOUCTB MHKPOOPTaHU3MOB, OTMedae-
Masl B IIpoliecce KyIbTHBUPOBAHHS Ia)ke IIPU MOCTOSHHBIX JIA00PATOPHBIX YCIOBUSX - BEPOSITHO HEOTHEMIICMBII
arpulyT *KUBOTO. P 00bsACHEHNH OBUT IPEIOKEH JUISL 3TOTO SBICHMS, @ TAKXKE Pa3InuHble (HPaKTOPBI U3y4aInch
KaK BO3MOXKHBIE PETyIISITOPEI U TPHITEPH OTMEUaeMbIX KoleOaHuil. BblIo ycTaHOBICHO, YTO TakHe KOTeOaHUs
00J1a1al0T KOCMUYECKO PUTMUKON, HO (akTop(bl), KOTOPbIE MOIIN OBl B JIOCTATOYHOIl CTETICHH OOBSCHUTDH U
IpeJcKa3aTh MacITaObl KojeOaHuil, IPOUCXOIANIMX Ha €KeJHEBHOH OCHOBE B JOATOCPOYHBIX IKCIIEPUMEHTAX,
IpeUIO’KeHbI He Oblti. B mannOit paboTe MBI HCCIEAOBaIH IIOKA3aTelb YACIbHONU CKOPOCTH POCTa APOAOKEH
Saccharomyces cerevisiae, KOTOpble OTMEYAIN KEIHEBHO BO BPeMs KyJIBTHBUPOBAHHS IPU HMOCTOSHHBIX yC-
J0BUSX. BiusHue pa3snuuHBIX COMHEYHO-3eMHBIX (DAKTOPOB OBLIO MPOAHATM3UPOBAHO. 3HAUYMMBIE MOKA3aTENH
KOppeJSIIUK ObLIM OTMEUCHBI MEXKAY YAETbHOH CKOPOCTBHIO POCTAa M CKOPOCTBIO CONHEYHOTO BETpPa, a TAKKe
yucnoM Bensimek M Ha Connie. DT JBa (akTopa ONpeIeNsuli MUKIHIHOCTh KOIeOaHUH yIeTbHOH CKOPOCTH
pocrta M, CIeI0BaTeIbHO, OOIIMIT X0/ €ro YBEINYEHHs WM yMeHbIIeHUs. D(PEKThl HEKOTOPBIX APYTruX (akro-
poB (uucno Bembimex C, IIaHETapHBIA A-HHACKC, a Takke aTMochepHble (HaKTOpBl, TAKHE KaK TeMIepaTypa ’
BJIQ)KHOCTB) OBUTH HEOOXOAMUMBI IS IIOCTPOCHHUH YPABHEHHMS, ONMCHIBAIONIETO H3MCHEHHS YIeIbHOH CKOPOCTH
pocTa IpoxoKeii, ¢ BBICOKMMHU 3HaYeHUAME Koadduimenta nerepmutani (R°= 91%) 1 CKOPpeKTHPOBAHHBIM
R? (78%). OueBuaHO, 4TO TEMIEPATypa U BIAKHOCTh — (PAKTOPBI, KOTOPBIE HE MOTYT HEIIOCPEICTBCHHO BIUSTH
Ha TTOMYJISIHIO JPOJOKEH B Ta00PAaTOPHBIX YCIOBHUAX H, TAKAM 00pa30M, MBI ITPEJIIIOIaraeM, 4To HX H3MEHEHHS,
KOTOpBIE UMEIOT MECTO B aTMocepe 3emitn, Clly)KaT OTPaKEHUEM HEKOTOPOTIO JICHCTBUTENILHO BaYKHOTO (haKTo-
pa . MBI IPHIILIH K BEIBOAY, YTO pa3IHYHbIe ()aKTOPBI, ONUCHIBAIONIIE AaKTHBHOCTh COTHEYHO-3eMHBIX ()aKTOPOB,
XOPOLIIO TOAXOAT IS OTUCAHMUS M IPOTHO3UPOBAHNUS KOJICOaHHI KHHETHYECKHX ITapaMeTPOB POCTa JPOXNOKEH 1
MOTYT OKa3aThCsl TPUTTEPOM HAOMIIOIAeMBbIX KOJIEOaHUH.

KnwueBbie cuoBa:koinedaHHs CKOPOCTH pOCTa, IPOXKH, Saccharomyces cerevisiae, CONHEYHAS
AKTHUBHOCTB, aTMOC(EepHBIe (haKTOPHI.

C.1. Boutuyk, O.M. I'pomoszosa

Incmumym mikpooionoeii i éipyconoeii im. /I.K. 3abonomnoeo HAH Ykpainu, Kuis
eyn. 3abonomnozo, 154, m. Kuie MCII, /103680, Vkpaina

KOJIMBAHHS IBUAKOCTI POCTY MIKPOOPI'AHI3MIB Y BIAITIOBI/Ib
HA 3MIHN AKTUBHOCTI COHAYHO-3EMHUX ®AKTOPIB

Pesome

HectabinbHicTh pi3HUX (i31070TTYHUX 1 O10XIMIYHUX BIACTHBOCTEH MIKpPOOPTaHi3MiB, 10 Bi3HAYA€THCS B
MpoLEC] KyIbTUBYBAHHS HaBITh IPH MOCTIHHNX JTAOOPAaTOPHUX YMOBAX - MIMOBIPHO HEBIA'€MHUIA aTpulyT Ku-
BOro. Psj mosicHeHb OyB 3alpONOHOBAHUMN IS LIHOTO SIBUIIA, @ TAKOXK Pi3HI YMHHUKH BUBYAIMCS SK MOXIIMBI
PEryJSITOPH 1 TPUrepu TaKUX KOJIHMBaHb. Byio BCTaHOBIICHO, 110 TaKi KOJHMBAHHS MAIOTh KOCMIUHY PHTMIKY, aJie
(axrop(n), ski Mo 6 B HOCTaTHIii Mipi MOSICHUTH 1 IependadnTH MacITabl KOJIMBAaHb, IO BiIOYBaIOTHCS
Ha [IOAEHHIH OCHOBI B JOBTOCTPOKOBHX SKCIIEPHMEHTAX, 3alPOIIOHOBaHI He Oynu. Y naHiil po6oTi Mu Jociin-
JKyBaJIM TTOKa3HHUK ITHUTOMOI MIBHIKOCTI POCTY APDKIKIB Saccharomyces cerevisiae, skuil BU3Ha4aIn IIOXHS
Iijl 4ac KyJIbTUBYBAHHS IPU MOCTIHHUX YMOBaX. BIuimB pi3HHX COHSAYHO-3eMHHUX (hakTOpiB Oyiio mpoaHasizo-
BaHO. JIOCTOBIpHI MOKAa3HUKH KOpEJsLii Oy BH3HAYCHI MIXK MHTOMOIO IIBHAKICTIO POCTY 1 MIBHIKICTIO CO-
HAYHOTO BITPY, a TaKoxk uuciioM cranaxiB M na Conmi. Li 1Ba (akropn BU3HAYaNM IUKIIYHICTE KOJINBAaHb
MUTOMOI IIBHIKOCTI POCTY i, OTXKe, 3arajbHui Xia Horo 30i1blIeHHs a00 3MeHIIeHHs. EQekTr Ieskux iHImx
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YHHHHKIB (4uciio cnanaxiB C, miaHeTapHUi A-iHAEKC, a TaKOK aTMOc(epHi KOJIMBaHHS TEMIIEpaTypH i BOJIO-
rocti) Oymu HeoOXigHi 111 HOOYZOBH MAaTeMaTHYHOTO PIBHSHHSA, 1[0 OMHCYE 3MiHH MUTOMOI MIBUIKOCTI POCTY
JPIXKIKIB, 3 BUCOKMM 3Ha4eHHsIM KoedinieHTty nerepminarii (R? = 91%) i ckopuroBauum R’ (78%). OueBuaHo,
110 TeMIIepaTypa 1 BOJIOTICTh - (haKTOpH, sIKi HE MOXKYTh 0€3M0CEPeIHbO BIUTMBATU HA TOMYIALIIO APIXKIDKIB B
11a00paTOPHUX YMOBAX i, TAKMM YHHOM, MU TIPUITYCKAEMO, IO iX 3MiHH, sSKi MaroTh Miciie B atMmocdepi 3emi,
CIIYTYIOTb BiJI0OpaKeHHSIM AESIKOTO JIiHCHO Ba)KJIMBOTO YNHHMKA. MU NIPUIIIUIN JI0 BUCHOBKY, 1110 Pi3Hi (hakTopH,
110 OIHCYIOTh AKTUBHICTh COHSYHO-3eMHHX (DaKTOPiB, 0OpEe MiAXOMATE JUISl OIUCY 1 IPOTHO3YBAHHS KOJINBAHb
KiHeTHYHHUX HapaMeTPiB POCTY APIKIDKIB 1 MOXKYTh BUSIBUTHCS TPUTEPOM BiIMIUCHUX KOJIHBAHb.

Knwo4yoBi ¢ 0B a: KOIMBaHHS LIBUAKOCTI POCTY, APLKIKI, Saccharomyces cerevisiae, COHIYHA
AKTHBHICTB, aTMOC(hepHi (HaKTopH.
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