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Genetic characteristics of Scots pine specimens resistant and susceptible
to SO2? HAction

Studies on the variability in the degree of damage to woody plants by
gaseous emissions are of increasing interest to scientists dealing with na-
ture conservancy.

The aim of presented work was to determine the relations between the
degree of resistance of Scots pine to SO? action and the degree of hetero-
zygocity of individuals in an indiginous population.

MATERIALS AND METHODS

The Scots' pine individuals that have been subjected to laboratory tests
and selection consisted of three groups:

1. A group of individuals randomly selected from the generative pro-
geny of a stand under standard forest management. These trees have been
given the following symbols: PSI-6, PSI-9, PSI-10, PSI-13.

2. A group of individuals which are the vegetative progeny of plus
trees originating from various parts of Poland, that is trees the selection
differential of which relative to mother stands was not less than 3.486

> 3.48<5Mor all characters yointly (Wright, 1962). They have

numbers with letters K.

3. Generative progeny obtained from open pollination of trees mentio-
ned in group 2.

In our studies detached pine schools were subjected to the action of
SO2 after being placed in vessels with water as well as whole seedlings
from seeds collected in our seed orchard. From the selected trees a list of
which is given in table 1 eight shoots were cut under water and placed
into a chamber. So prepared material, consisting of 4 schoots from each
tree, have been placed in the control chamber and in the chamber where

* This work has been partially supported by grant FG-Po-326 from the US De-
partment of Agriculture under PL-480.
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a 1 or 2 ppm concentrations of SO? acted upon the plants. Each clone was
represented by material collected from 2 or 3 grafts. Mean light intensity
in the control and gas chambers was 9500 Lx — 10 500 Lx.

In order to compare the degree of resistance to the action of SO2
transmitable to half-sib progeny seeds were collected from trees of the
studied clones. Seedlings raised from this seed in a greenhouse when
about 10 months old and 8-12 cm high have been subjected to the action
of SO2

The degree of damage of the plants was estimated visually using a six
point scale according to Schonbach and others (1968). In this scale O-me-
ans no visible damages on the leaf surface, and 5-means visible injuries to
over 70”0 of the leaf surface. The concentration of SO2 in the chamber
was estimated using an intermediate method through absorbtion of the
gas in a solution of sodium mercuric chloride, and a colorimetric determi-
nation of the SO3-2 ions (West, GaekKe, 1956), as well as by the use of
an SO? analyser produced by Juncalor Dessau (GDR). The doses of the gas
used were 2 ppm for shoots and 1 ppm SO? for seedlings.

Genotypes of the analysed trees were investigated through the varian-
ce of L-Leucine aminopeptidase (LAP-3.4.1.1). For this purpose we used
tissue of the macrogametophyte and homogenized it in a phosphate buf-
fer of pH 7.5 with the addition of 5 mM of sorbic acid, 5 mM of cystein
and 5 mM of saccharose. The homogenate was separated by means of
starch gel electrophesis in a modified discontinous buffer systems (P o-
ulik, 1957). For the enzyme separation a direct electrical current at a
potencial of 15V/cm was used. To visualize the location of LAP isoenzy-
mes contained after electrophoresis in different parts of the gel, we used
a buffer of tris-maleate pH 5.4 and a 0.5 mol concentration. The typical
substrate for this enzyme is L-leucine-2-naphtylamide-HCI, nad Black K
Salt for the staining of bands. For the details of methods see Berg-
mann (1973), Mejnartowicz and Bergma nn (1975), Me j n ar-

towicz (1976).

RESULTS

On the obtained electrophograms the occurrence of isozymes was seen
in two zones. Similar results with the same enzyme have been obtained
in the studies on Norway spruce, black pine and European larch (Berg-
mann 1973, Mejnartowicz and Bergman, 1975, Mejnarto-
wicz 1976; Nikolic and Bergmann, 1974). The LAP-A zone has
molecules of a greater electrophoretic mobility which gather near the
front, while in the LAP-B zone there gather the molecules with a lower
electrical load. On the basis of the studies conducted so far on nonulations
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mof Scots pine from northern and central Poland a zymogram was drawn
which is presented in Fig 1.

Studies on independent trees have shown that between zones there are
segregations at a ratios of 1:1 in heteromorphic individuals. Deviation
from the 1 : 1 ratio judged by the chi-square test were found to be insigni-

LAP-A

LAP-B

Fig. 1. LAP zymogram from Pinus silvestris .macrogametophyte

ficant. In the studies we have found the occurrence of homozygous and
heterozygous individuals (Table 1). Heterozygotes both in the LAP-A and
LAP-B zones i.e. K-01-57, K-08-02 as well as many of the double homozy-
gotes have had uninjured needles by SO? throughout the year. However
among the studied pines in the group of heterozygotes and homozygotes
individuals were also found having a variable degree of needle injury du-
ring a year.

The results of comparison of the differentiation of Scots pine indivi-
duals with respect to resistance to SO? and the differentiation of genotypes
are given in Table 1.

We have for some pine individuals a full annual cycle of studies con-
cerning their sensitivity to SO2 It was found that there is a considerable
differentiation of the degree of needle injury by SO2 to Scote pine trees in
various parts of the season. During the winter period the needles were
more resistant, even to high doses of SO? while in the summer and early
autumn they were characterized by a greater sensitivity to this gas action
(Table 1).

DISCUSSION
On the basis of presented data it was possible to study the injurious
effect of sulphur dioxide on selected genotypes of Scots pine indentified

by the variability in L-leucine aminopeptidase loci. The population of
double homozygotes is much more numerous than the heterozygous one,
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which would tend to indicate that pine is characterized by a considerable
homozygocity with respect to the LAP isozymes.

On the basis of the results of studies presented in table 1 it can be seen
that there is no relation between the sensitivity to SO2 action and the

Table !
Characterisation of LAP genotypes of Scots pine with respect to resistance to SO? action

Period of SO2 treatment

Isozyme i dentity shoots 1976 seedlings
27-29 | 11-13 ' 18-20 24 -26 3-6 1977
Vil Vil viil VI XI 18-21 IV

Mean index injury
Heterozygote at LAP-A locus

K-01-57 0.7a 1.5a 0.0a

PSI-6 2.6b 1.2a 1.5a 3.1b 0.4a

K-01-82 1.6a -2.4b 0.8b
K-10-18 3.1b 3.6b 0.0a

K-07-22 2.2b 2.9¢ 0.2a
Heterozygote at LAP-B locus

K-08-02 0.9a 1.3a 0.la

K-01-02 1.6b 2.1a 0.6a

K-07-01 1.9b 4.1b 0.1a

Double heterozygote

K-08-04 (A) 2.8b 3.1b 0.2a

Double homozygote

K-01-22 0.2a 0.6a 0.4a 0.9a 0.1a 0.7a
K-14-12 0.3a 0.3a 0.1a 0.1a
PSI-9 0.9a 0.8a 0.8a

K-01-73 1.1a 0.5a 0.3a
PSI-13 0.3a 1.3a 0.6a l4a 1.0a

K-14-13 1.6a 1.5b 0.2a
K-01-84 2.0b 2.2b 0.2a
K-10-03 2.1b 2.5¢ 0.5a
K-08-13 2.2b 2.3b 0.6a
K-01-16 2.1b 2.4b 3.1c 4.4b 2.9b 3.1¢c
K-07-04 2.6b 3.1c 0.3a
K-08-06 2.6b 3.6¢ 0.6a
K-14-10 2.7b 2.5¢ 2.5¢
K-07-16 2.7b 2.8¢ 1.0b
K-14-14 2.8b 1.5b 1.5b
K-11-03 3.8b 2.8¢ 2.3c
K-08-05 3.9b 2.2b 1.6b
PSI-10 4.9b 3.0c

The letters: a, b and c indicate that the results belong to a common undiferrentiated group at 0.05 level of significance.

degree of homo- or heterozygocity of Scots pine LAP-genotypes. In these
studies individuals with needles that are fairly resistant to the action of
SO? were found to come both from the groups of heterozygotes and from
the double homozygotes.

It was also found that there is a great variability in toxicity to the in-
jurious gas depending on the season.
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Genetyczne cechy osobnikéw sosny zwyczajnej odpornych i wrazliwych
na dziatanie SO3

Streszczenie

Badano zmienno$¢ uszkodzen powierzchni igiet sosny zwyczajnej powodowanych
przez kontrolowane dawki SO2 Materiatem do badan byty galazki, zebrane ze szcze-
pow drzew doborowych oraz ze standardowego drzewostanu, a takze potomstwo ge-
neratywne z niektérych szczepdw drzew doborowych, powstate z wolnego zapylenia.
Dla wiekszosci badanych drzew okre$lono ich genotypy na podstawie analizy zmien-
nosci enzymow leucyloaminopeptydazy (LAP) w tkance gametofitow zenskich. W ba-
danej grupie (okoto 20 sosen) przewazaty osobniki homozygotyczne w obydwu wy-
krytych loci kodujacych LAP.

Nie stwierdzono wyraznej zalezno$ci pomiedzy stopniem heterozygotycznosci
drzzew w odniesieniu do LAP-loci a stopniem odpornosci tych drzew na dziatanie
SO.

Badajagc zmiennos$¢ stopnia uszkodzen igiet w ciggu roku stwierdzono najwieksza
odlpornoé(’: drzew w okresie poOznojesiennym i zimowym, najmniejszg za$ wiosng
i latem.
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NNEOH MEMHAPTOBMLI, CTE®AH BANOBOK, MNMETP KAPOJIEBCKN

"eHeTUYECKME YepTbl YCTOWUMBBLIX U YYBCTBUTENbHbIX K AeicTBUO SO2 ocobeli
COCHbl OB6bIKHOBEHHOW

Pe3tome

ViccnepoBanacb M3MEHUMBOCTb MOBPEXAEHUA MOBEPXHOCTM XBOM COCHbl 06GbIKHOBEHHOM,
Bbl3blBaEMas AeNCTBMEM KOHTPO/MPOBAHHBLIX [03 CEPHUCTOro aHrugpuga. Matepuanom ans
nccneaoBaHns CAyXXunu noberu, cobpaHHble ¢ NPUBMBOYHONM MiaHTaLMW M/IOCOBbIX AEPEBbEB
W CO CTaHAAPTHOrO [PEBOCTOSA, a TakXXe reHepaTUBHOe MOTOMCTBA, BO3HMUKLUEE B pe3y/bTare
CBO6OJHOrO OMblNeHUs, C HEKOTOPbIX K/IOHOB MKOCOBbLIX AepeBbeB. s 60MbLUMHCTBA UCChe-
LlyembIX K/IOHOB 6blin OMnpefeneHbl WX FeHOTWUNbI MyTeM aHanmsa W3MEeHYMBOCTM (EPMEHTOB
neumHamunonentmaassl (LAP) B TKaHSIX YKEHCKMX rameToutoB. B uccnegyemoin rpynne oK.
20 coceH B 6O/bLUMHCTBE MpefcTaBneHbl OblM FOMO3UIOTHbIE 0CO6M B 06erX O6Hapy>KeHHbIX
nokycax koavpyrowmx LAP.

He 06Hapy>XeHO YeTKON 3aBWCUMOCTM MeXAY CTeneHbid reTepo3UroTHOCTU [JepeBbeB
B OTHOWweHUn LAP — NOKYyCOB W CTEMeHb0 YCTOMUMBOCTU 3TUX [epeBbeB K AeictBuo SO2

Viccnepys M3MEHUMBOCTb CTeMeHW MOBPEXAEHUA XBOW B TeyeHWe roga, bbiia obHapyr>keHa
camasi 60nblUas ee yCTOWYMBOCTb MO3AHEN OCEHbIO W 3UMOM, a camas He3HauuTeNlbHas BECHOM

n neTom.
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