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The Biological Response to the Forbush Effect

M. Sosxa and K. PESINA

Institute of Experimental Botany, Czechoslovak Academy of Sciences, Praha*

Abstraet. The frequency of nucleus and cell division in prothallia of Egquisetum arvense L.
grown under aseptie, defined conditions shows a considerable stabillity in the eourse of long-term
experiments. This stability can be impaired if germinating spores are afflicted in the period
50 4 5 h after sowing by the just occurring Forbush effect in the period of decreasing intensity
of cosmie radiation but not in the period of its repeated increase.

Frequencies of nucleus and cell divisions have been studied in prothallia
of Bquisetum arvense L. (Sosna 1953, 1968) in the course of long-term (1947
to 1977) observations of spontaneous mutability. These numerical data
have shown a stable extent of variability in all years, except in some cases
in which significant differences were observed in a few experiments within
the year. These differences could not be explained either by cultivation

TABLE 1

Basie physical eharacteristics of the Forbush effect which are in relation to the investigations
of the biological response. (Extract from the tables by Kkivsk¥ and RéZiékovA-Tororov4 1978)

Characteristics of the Forbush decreases

Start Maximum of
decrease Start Decrease  Ts Tp D
Day Hour Day Hour value value [h] [h] [%]
1969 May 15 01 May 16 02 101.6 95.2 25 6.4
1970  June 17 08 June 17 15 101.3 99.7 43 07 1.6
Nov. 7 03 Nov.7 17 105.6 99.4 48 14 6.2
1973  June 18 00 Jume 18 07 98.6 96.7 34 07 1.9
July 8 12 July 10 09 102.0 99.0 45 3.0
1974 July 7 06 July 8 08 95.0 92.7 26 2.8
Sept. 13 19 Sept. 14 13 97.8 95.1 69 18 2.7
1976  July 15 06 July 15 17 102.0 100.3 11 1.7
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conditions or by integral factors of the observed cosmic radiation. New
findings in heliophysics, hydromagnetics, and in the investigation of the
primary cosmic radiation (CoR) and of variationsin the secondary component
in Earth magnetosphere enabled an insight into more profound relation-
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Fig. 1. A diagram of parameters of the Forbush effect representing the dourse of cosmic radiation
in its time course. Ts stands for the delay in the beginning of the Forbush effect after the start
of the eruption, Tp stands for the time of the decrease in cosmic radiation, D9, for the decrease
in cosmic radiation expressed in 9.
Fig. 2. A diagram of parameters of the Forbush effect representing the initial value, the value
at the start, and the maximum value of the decrease in cosmic radiation inh its time course

ships, primarily the Forbush effect. The depressions in the level of recor-
ded cosmic radiation, the so-called Forbush decreases (FD) are due to. the
Earth getting swathed in ‘“magnetic bottles” with particles of solar origin.
The magnetic bottles with their discontinuities form a shield around the
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Fig. 3. A diagram representing the time course of the decrease in cosmic radiation during the
Forbush effect (Tp) and its biological responses in a period of about 50 h.
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TasLe 3
Correlation between cosmic radiation and the number of four-cell prothallia

Cosmic radiation [ 72h : 832 = 312

rs = 0.1429
Cosmic radiation | 72 h < four-cell prothallia:

Sq? = 412

rs = —0.13
Cosmic radiation | 96 h : Sg2 = 566

rs = <0.1
Cosmie radiation /| 96 h < four-cell prothallia:

Sq2 = 162

rs = 0.555

Earth and prevent primary particles of a certain spectral range of energies
to penetrate to it from the Galaxy (Dorman 1968, HuLrQuisT 1968, Hava-
KAWA 1969).

Investigations of CoR variations were made possible in the last few years
by introducing special neutron monitors with running registration. The
first analyses of the Forbush effect are also of recent date (SVESTKA and SIMON
1975, KiivskY 1977, Ktivsky and RUZiCrovA-Tororov 1978).

In this paper, the possibility of the response of observed aberrations of
cell divisions in prothallia is verified in retrospect with the short-term For-
bush effect at the period of solar cycle No. 20, ¢.e. in the years 1965 to 1975.
Corresponding physical and biological data are presented in the Tables and
Figures. Table 1 is an extract from the Tables of the Forbush effects (KR1v-
SKY 1977). The corresponding parameters presented in the Tables are shown
diagramatically in Fig. 1 and Fig. 2.

Spores harvested in the respective year were cultivated aseptically in the
same year at certain intervals (10 in total) on agar plates (medium A 41),
approx. 200 spores per Petri dish. Cell division was evaluated at fixed
intervals (48, 60, 72 and 96 h). Cell division oceurs under standard cultivation
conditions at an exact time limit. Significant aberrations are always caused
by external factors (SosNa 1953, 1968). Numerical data from the experiments
which were coincident in time with or which approached in time to the just
occurring Forbush effect, selected from the years 1969 to 1976, are sum-
marized in Table 2. Correlations between the CoR and the number of four-cell
prothallia are evaluated in Table 3, and differences in exposure length are
tested in Table 4. From these data it follows that there is a statistically
significant difference in the number of four-cell prothallia if the spores have

TABLE 4
Testing of differences in exp osure length in experiments afflicted by the Forbush effect and
control cases

1970 Nov. 7 (—44h) and control: %2 = 27.857
P <19

1973 July 8 (—54h) and control: 2 = 22.58
P <1%

1976 July 15 (—48h) and control: x2 = 29.40
P <19
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been afflicted in a period of about 50 hours (50 4+ 5h) by a decrease
in CoR intensity due to the just occurring Forbush effect. Most y2 of the
cases, the beginning of germination of which took place approx. 50 h before
the decrease in CoR, are > 20 (Table 4. 2 was not calculated for the year
1974 as the difference was larger than in other years.)

22tab.t =1 = 6635 for a = 19, thus P is smaller than 1% and the dif-
ferences are highly significant. There is also a correlation between the total
magnetic activity and the number of four-cell prothallia after 96 h. This was
proved by means of the nonparametric test for correlation with the Spear-
man’s coefficient of serial correlation:

re = 0.6759, n = 13, 5% >P >19% .

15 is significant at the 5%, level.

The mechanism of the biological response to the Forbush effect will certainly
be of complex character. The determining physical parameter is the sudden
change in CoR intensity (in the region of the Tp curve), magnetic activity
being also of great importance. With regard to purely physical factors, the
response in the biological projection can be sought in the transport of
solutes across membranes or in the excitation of changes in membrane
potentials. Further experiments are being carried out in this respect in
simulated conditions as well as in the course of the Forbush effect.
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