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Summary. Two forms of Pisum arvense Lamp., diploid and' autotetraploid, were
used in the studies. Air-dry seeds were treated with gamma-rays from a cobalt source
{¢°Co) using the doses of 10, 20, 30 and 40 krad.

Seed irradiation impaired the dynamics of sprouts and deereased the percentage of
emerged plants. Undesirable changes increased with the application of higher doses of the
treatment. The impairment of sprouting dynamics and the decrease of the percentage of
emerged plants were significantly lower in autotetraploid form. A relative survival of
plants after seed irradiation deereased in beth di- and autotetraploids. However, it was
found that the response of the forms 2z and 4« to the same doses of treatment was signi-
ficantly differentiated. A relative survival of diploid plants in all the cases was higher
than that of autotetraploids.

The protective influence of additional genomes of an autotetraploid form of pea,
observed during plant sprouting of gamma-1 generation, was levelled at the stage of gene-
rative reproduction.

Seed irradiation is one of frequently used methods of induced mutations in plants.
A number of contradictory opinions (J'aranowski 1970) have appeared in a ricl.
literature concerning the use of ionizing radiations as a mutagenic factors. Studies o
Plant radiosensitivity is the first significant stage of investigations dealing with the
use of radiation in plant breeding (Gielo 1970). An estimate of radiosensitivity of
original induced autotetraploids of Pisum arvense Lamp. obtained at the Chair
of Genetics and Plant Breeding of the Academy of Agriculture in Poznan was onc
of the elements of their characteristics.

MATERIAL AND METHODS

Radiosensitivity of an autotetraploid form in comparison with that of initial
diploid plants was estimated using the response of gamma-1 plants to seed irradia
tion at 10, 20, 30 and 40 krad doses. Air-dried seeds were treated with gamma-ra) »
from eobalt source (¢°Co) in the Isotope Laboratory of the Academy of Agricultur
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in Poznan. In the present studies we employed autotetraploid pea forms constituting
Cs and C, generations and a diploid genetic line No. 2/9 being the initial material for
polyploidization.

Expecting a decline in the percentage of emerged plants with increasing doses of
treatment, different numbers of seeds were sown on the plots to obtain uniform con-
ditions of growth for plants of gamma-1 generation. Thus, in each of three replica-
tions, the number of seeds per plot depending on the size of the applied treatment dose
was as follows: control (0 krad) and 10 krad — 50 seeds, 20 krad — 65, 30 krad —
80 and 40 krad — 100. Totally, the number of sown seeds of each, diploid and auto-
tetraploid pea, was 1035. The experiment was laid out on the field of the Agricultural
Experimental Station at Swadzim in split-plot design.

The effect of radiation of plant material was analysed by:

1. Observing the dynamics of sprouts. Observations were made each 3 days
through the period of sprouting. They consisted in the establishment of the number of
emerged plants on individual plots;

2. Calculating the per cent of emerged plants (at the seedling stage);

3. Estimating a relative plant survival on the basis of counting the percentage
of fruiting plants in relation to the number of emerged plants.

Statistical calculations concerning the dynamics of sprouts were performed using
the analysis of curve-linear regression. The obtained curves are presented in dia-
grams with determination coefficient in per cent for each of them. The calculations
were made by the program ABS-37 (Malec, Mejza 1975).

A statistical analysis of the per cent of emerged plants and of a relative survival
of plants was performed on the data transformed into Bliss’ angular degrees. A mul-
tivariate analysis of variance was performed (Calinski, Kaczmarek 1973). It
permitted to verify 3 groups of hypotheses concerning the significance of contrasts:
between ploidy levels, between all applied doses of treatment with no reference to
the ploidy level of the plant material and between all combinations of treatment doses
and ploidy levels. Calculations were made using the program ABS-45 (Calinski

et al. 1976).

RESULTS AND DISC USSICN

The development of plants in the control and gamma-1 generation was markedly
differentiated. Statistically significant differences were found with regard to each
of the analyzed characters in the response of the objects to various treatment doses
and also in comparisons of an autotetraploid form of pea with the initial diploid ma-
terial.

DYNAMICS OF SPROUTS

Seed irradiation caused a decrease in the dynamics of sprouts on the both levels
of ploidy. The performed analysis of variance for curve-linear regression and the 1)
test function made it possible to determine the significance of individual regressive
effects (Fig. 1, 2).
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A decrease in sprout dynamics in autotetraploid after all applied doses of treat-
ment was smaller than that in diploids. At the same observation dates sprouts of
diploid plants were weaker sometimes by over 509,. A protective action of additional
genomes in the autotetraploid form became evident after the application of high
doses of the treatment (Fig. 1, 2).

Ik red
Fig. 1. Dynamics of sprouts after seed / _ L 30 krod
treatment of diploid pea with gamma-rays X / - -
~ vertical axis: sprouts (percentage of emerged plants) / /_/'
~ horizontal axis: date of observations (at 3-day , /A/'
intervals) k / e ’———_,_,ﬁ)ﬁgj
Determination coefficients for regression curves: /‘/ im0
0 krad R*+=99.52% 10 krad R*=98.70% | o et
20 krad R?=85.87% 30 krad R*=91.99% o--- — .
40 krad R*=94.849; 2 3 4 5 ¢ 7 8 3 1 1

Similar results concerning the dynamics of sprouts after seed irradiation were
observed also by other authors in several plant species. Delays and changes in the
course of sprouting were observed with increasing doses of treatment in barley (Pala
1965), field bean (Sj6din 1962), diploid fodder pea (Vasileva et al. 1969).

PERCENTAGE OF EMERGED PLANTS

Seed irradiation decreased the percentage of emerged plants in both diploid
and autotetraploid forms of pea. Calculations performed by the method of simul-
taneous testing showed that irrespective of the ploidy level the percentage of emer-
ged plants after irradiation of seeds with smaller doses was usually higher. Only

differences between the highest treatment doses were not statistically significant.

Testing differences concerning combinations of ploidy levels and treatment doses it
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was found that after the application of 20, 30 and 40 krad deses the autotetraploid
form reached a higher percentage of sprouts than diploid plants, whereas after seed
irradiation with a 10 krad dese and in the control combination the percentage of
emerged plants on the beth ploidy levels was similar (Table 1).

Fig. 2. Dynamics of sprouts after seed tre-
atment of autotetraploid pea with gamma-
-Tays

— vertical axis: sprouts (percentage of emerged plants)
— horizontal axis: date of observations (at 3-day
intervals)
0 krad R2=99.66% 10 krad R®*=57.44%,
20 krad R®=79.77% 30 krad R*=98.647;
7 : g e 40 krad R?*=97.84%

The obtained results of the studies did not indieate stimulation of sprouts and
seedling development caused by low doses of ionizing radiation, which was observed
by other authors (Fink 1965, Jaranowski 1970, Muszynski 1970, Paken-
dorf 1970). It may be that the lowest doses applied in the present studies were, from
this point of view, too high for the both levels of ploidy.

It was found that in the diploid form of pea certain doses were critical causing
an abrupt fall in the percentage of emerged plants (Jaranowski 1970). During our
studies diploids were also noted to have such a phenomenon. Autotetraploids even
at a 40 krad treatment dose gave about 409, of sprouts under field conditions. This
fact may be related to a protective action of additional genomes of autotetraploid
system. This result is analogical to observations made in the case of di-, tetra- and
hexaploid wheats and in the case of di- and hexaploid clover (Palenzon 1961,
Natarajan et al. 1958). Nilan (1956) also emphasized that seeds of polypleid spe”
cies are more resistant to the effect of ionizing radiation.
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RELATIVE PLANT SURVIVAL

The response of both di- and autotetraploid forms of pea to seed irradiation was a
decrease of the relative survival of plants in gamma-1 generation. As a result of
testing hypotheses taking into consideration all possible comparisons of doses (omit-
ting ploidy levels) it was found that there is a tendency to a larger decrease of plant
survival with the application of larger doses of treatment. However, differences
between the largest doses were statistically insignificant. Comparing, however, the
response of the forms 2x and 4x to the same treatment doses it was found to be signi-
ficantly differentiated. The relative survival of diploid plants was larger than that of
autotetraploid forms in all the cases (Table 1).

Table 1. Percentage of emerged plants and their relative survival in gamma-1 generation after
seed irradiation of diploid (2x) and autotetraploid (4x) pea

Treatment Percentage of emerged plants Relative plant survival
dose (krad) 2z | 4z | mean Pl | 4z | mean
0 96.0 94.7 95.3 92.5 | 78.9 85.7
10 87.3 86.0 86.7 90.1 64.0 77.1
20 31.8 68.2 50.0 85.5 17.9 41.7
30 20.0 586.6 38.8 65.6 12.2 38.9
40 10.3 41.7 26.0 70.6 2.5 36.56
Total means | 491 | 694 | 593 | 769 | 351 | 560

It should be noticed that the response of many plant species to radiation is
similar regarding its direction. The size of changes caused by radiation is, however,
Species-specific in various species and even specific in the same species. Jaranowski
(1970, 1976), studying seven various genotypes of fodder pea, found that at a 50 kR
dose the percentage of emerged plants widely ranged between 0 to 42.39, and that
the relative survival of plants was from 0 to 78.5%,. Blixt (1968) also paid his atten-
tion to genotypic, separateness, conditioning sensitivity to gamma radiation.

Changes observed after seed irradiation of di- and autotetraploid forms of pea in
the dynamics and percentage of sprouts and in the relative survival of gamma-1
Plants present differentiation in autotetraploid radiosensitivity in comparison with
the initial diploid material. It seems that protective effect of multifold genomes con-
cerns only somatic damages. Disturbances at the stage of generative reproduction
caused a violent limitation of the reproduction ability in the autotetraploid form.
The obtained results permit to infer that the absolute plant survival at the both
Ploidy levels declined after irradiation of seed to a similar extent. These forms diffe-
red only by the developmental stage, in which a decreased plant viability being a
result of radiation became evident most clearly. The critical moment in diploids
Occurred earlier (a large reduction in the percentage of emerged plants) and in auto-
tetraploids — at a later stage of ontogenesis (generative reproduction).
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POZORNIE OCHRONNY WPLYW DODATKOWYCH GENOMOW NA ROZWOJ ROSLIN
PISUM ARVENSE L AMP. PO NAPROMIENIENIU NASION

Streszczenie

W badaniach wykorzystano dwie formy Pisum arvense Lamp.: diploidalng i autotetraplo-
idalna. Powietrznie suche nasiona potraktowano promieniami gamma ze Zrédla kobaltowego
(¢ Co) stosujac dawki: 10, 20, 30 i 40 krad.

Napromienienie nasion wplynelo na oslabienie dynamiki wschodéw i obnizenie procentl
wzeszlych roslin. Niekorzystne zmiany nasilaly si¢ w miare stosowania wyzszych dawek tralf-
towania. Oslabienie dynamiki wschodéw i obnizenie procentu wzeszlych roslin bylo istotni
mniejsze u formy autotetraploidalnej. Wzgledna przezywalno$é roslin pochodzacych z napro-
mienionych nasion pogorszyla si¢ zaréwno u diploidéw jak i autotetraploidéw. Poréwnujac
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reakcje tych form na takie same dawki traktowania stwierdzono miedzy nimi istotne zréznico-
wanie. Wzgledna przezywalnosé roélin diploidalnych byla we wszystkich przypadkach lepsza
niz autotetraploidalnych.

Ochronny wplyw dodatkowych genoméw autotetraploidalnej formy grochu, obserwowany
w okresie wschodéw roélin pokolenia gamma-1, zostal zniwelowany w fazie reprodukeji genera-
tywnej.

KAXYHMEECS 3AINUTHOE BJIUSHUE OOITOJIHUTEJIbHBIX TEHOMOB
HA PA3BUTUE PACTEHUM ITOCJIE OBJIYYEHUA CEMSIH V PISUM ARVENSE LAMP.

Pe3wome

B uccnenoBaHMsX MCHONB30BAIKCL ABE ¢opmbl Pisum arvense Lamp. aumiouaHas W IIOJIHII-
nounnasi. IlonMmuionaHele pacTeHHss OblIM WHAYLUMPOBAaHHBIMA ayTOTETpAaILIOWAaMH ropoxa. Jlum-
nougHas ¢opma ObUIa HpencTaBiieHa TeHETHYecKod nummed Ne 2/9, xoTopas HUCNOIb30Bajiach B Ka-
MeCTBE HCXONHOIO MaTepHana s nomumionamsaumu. Cyxue cemeHa OBbLIM NMOIBEPrHyThl AEHCTBHIO
ramMmMa-yyei u3 xobanbrosoro ucroynuka (%°Co) B nosax 10, 20, 30 u 40 krad. ITonesoii 3kcnepuMeHT
0oL poBeieH B TpeX MOBTOPEHHUsX IO cxeMe split-plot. B mokosnenuu ramma-1 aHaau3MpoOBaACH (U~
HaMHKa M NPOLECHT BCXOJOB, a TaKXX€ OTHOCHTEJIbHAs BbDKHMBACMOCTb PACTEHMIA.

OOnyyeHne ceMsH YXyANMJIO IHWHAMHKY BCXOOOB M YMEHBIIMIO MPOLEHT BCXOXECTH PACTEHHI Ha
0b0ouX YpOBHAX IUTOMAHOCTH. HebaronpusaTHeIE H3MEHEHHAS YIVIyOIAIHCh I0 MEpe OPMMEHEHHUS BHICIIAX
103 u3nyverds. Kak yxyQmmeHue AMHAMMKA BCXOJOB, TaK M CHYDKEHHE OPOLEHTA NPOPOCIIMX pacTeHMit
y TeTpamwIOHOHOK (opMbl OBUIO 3HAYHTEILHO MEHbIIE, YEM Y JAIUIOMIHOM.

OTHOCHTEbHASL BBDKMBAEMOCTh pPacTeHHM IOCiie OOTy4eHHs CEMAH CHHU3HJIACh KaK y AM-, TaK H Yy Te-
Tpamwiouaos. OAHAKO, IPA CPaBHEHHAH peakimu GopM 2x H 4x HA TE XK€ CaMble NO3bl U3JIyYeHHsA ObLIH
o0HapyXeHBI CyIeCTBEHHbIE pa3ymansd. OTHOCHTEIbHAS BHDKABAEMOCTh MMIUTOMIHBIX PAaCTEHWIl BO BCEX
Cly4asix ObUla BBICIDAA, Y€M Y TETPAUJIOHOHBIX PACTEHHIA.

3amuTHOE BIHMAHUE NOMOJIHHUTELHBIX F€HOMOB ayTOTETPAIUIOMTHON (POPMBI ropoxa, BBIPAXKEHHOE
B BbICIIEM MPOIIEHTE BCXOAOB PACTEHHI MOKOJECHHA raMMa-1, 0 CPaBHEHHIO C JAIUIOHJAMHE, ObLIIO BHIDAB-
HEHO B (pa3e reHEpaTHBHOM peNponyKIAH. B pe3ynbTare, a0COMOTHAA BbDKABAEMOCTE PACTEHAN Ha 000HX
YPOBHAX IUIOMAHOCTH CHHU3HWJIACH HOC/E OOJIydYeHHS! CEMSH B OJMHAKOBOM CTEHNCHH.



