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A b s t r a c t. The tolerance of spring wheat seed­
lings to the toxic effect of aluminium ions was analysed in 
the present paper. The laboratory test was carried out in 
the aquaculture applying various concentrations of alumi­
nium ions in the medium (3, 6 and 9 mg/kg). Five F

3 
hy­

brid combinations of spring wheat as well as initial forms 
were examined. The hybrids Inia 66/16 x Henika and Inia 
66/16 x Kadett marked out with high tolerance to toxic 
aluminium. 
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INTRODUCTJON 

The toxic effect of aluminium ions on the 
seedlings of cultivated plants in acidified soils 
is considered. at present. the basie cause of the 
decrease in crop yields [4,8). The effect of 

i stress influence of aluminium is the shortening 
t of the root system and the inhibition of the 
ł above-ground plant development. Wheat is the 
,'!:· i most sensitive cereal crop after barley to the 
i toxic effect of aluminium ions. 
tt 
tt: 

~fi MATERIALS AND METHODS 

!'. The tolerance of the seedlings of chosen i spring wheat genotypes on toxic action of I aluminium ions in aquaculture and the results 
ł of biometrical measurements were analysed. 

I··. Five cross combinations F3 and their initial 
• forms (Inia 66/16 ,ł ; Alfa. Eta, Henika, Jara, 

fi Kadett/) were examined. A field experiment 
\ 

in 1991 was started on loess soil with pH=5.8. 
The aim of the present study was to deter­

mine the variability of basie utility properties 
of plants and the levels the seedlings tolerance 
to toxic aluminium ions in the laboratory con­
ditions. The laboratory test in aquaculture was 
carried out with the method worked out by 
Anioł [1]. The seeds underwent initial sprou­
ting germination and were placed in the me­
dium of definite composition (pH=4, at 25 °C). 
Four days old seedlings were moved for 24 h 
to the identical medium with the addition of 
aluminium at a rate of 3, 6 and 9 mg/kg. Then 
the seedlings were transfered for 24 h to the 
medium without aluminium. After that time, 
the roots of seedlings were being dyed for 15 
min in 0.1 % solution of Eriochrom cyanine R. 
It forms with aluminium a compound of bron­
purple colour which is neutral for the plants. 
The tolerance of 100 seedlings was evaluated 
for each form tested. The basis for the evalu­
ation of tolerance to a given concentration of 
aluminium was the root regrowth beyond the 
aluminium absorption zone. Thirty plants from 
each parent form and 60 hybrids underwent 
the biometrie measurements of 10 main fea­
tures. Theo, arithmetic means (x), variał!ility 
coefficients (W), and the lowest significant 
differences (LSD) were calculated. 
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RESULTS AND DISCUSSION 

Table 1 presents the main characteristics 
(x, W, LSD) of the tested parent lines and their 
hybrids. Among 10 tested features, statistically 
significant differences between the initial lines 
and their hybrids were noted for their majority. 
Among parent forms - the mother form Inia 
66/16 had the highest number and mass of 
grains from the main spike as well as grain 
mass from the plant and the weight of 1 OOO 
grains. In the conditions of field experiment it 
had, however, too flabby, susceptible to lod­
ging straw. The most favourable arrangement 
of the tested features - elements of the crop 
structure - occurred in the hybrids Inia 66/16 x 
Alfa and Inia 66/16 x Henika. The variability 
coefficients and the mean values of the fea-

tures tested seem to indicate great potentia) 
possibilities of selection among these combi­
nations of lines with modern ideotype. 

The generally known high interdepen­
dence between the results of laboratory testes 
and those of field experiments on acid soils 
justifies the necessity of their applying during 
the selection of plants tolerant to toxic alumi­
nium ions. The results of laboratory tests in 
aquaculture are presented in Table 2. The var­
iety originating from Brazil - Inia 66/16, hav­
ing a very high tolerance to the effect of 
aluminium ions, was used as a model. It con­
firmed its resistance to all the aluminium con­
centrations added to the medium. All the 
remaining parent varieties appeared to be very 
sensitive. Only at Henika and Kadett varieties 

Ta b I e 1. Means (x) and variability coefficient (W) for investigated features or spring wheat 

Variety 
or cross 
combi­
nation 

Length Total Number ____ D_at_a_con_ce_m_i...;ng::..m_ai_n_st_em ____ Weight 1000 
kemel 
weight 

ofmain number ofpro- Length Number Spike Number Weight of 
stem of stems ductive of of density of of kemels 
(cm) stems rachilla spikelets (g/cm3) kemels kemels from the 

(cm) in the from the from the plant 

(g) 

Inia 66/16 i 84.1 
W 6.6 

Alfa x 78.6 
W 4.2 

Eta x 90.6 
W 3.7 

Henika x 83.1 
W 9.7 

Jara x 93.7 
W 4.5 

Kadett x 92.0 
W 4.8 

Inia 66/16 i 83.3 
x Alfa W 10.9 

Inia 66/16 i 87.8 
x Eta W 9.4 

lnia66/16 i 90.9 
x Henika W 12.3 

Inia 66/16 x 89 .4 
X Jara W 8.9 

Inia 66/16 x 94.0 
x Kadett W 14.0 

LSD005 7.72 

8.0 
28.8 

7.2 
27.1 

6.0 
26.6 

7.5 
30.4 

5.0 
23.6 

6.9 
22.0 

7.6 
38.6 

6.8 
32.1 

5.9 
41.8 

6.1 
33.4 

6.5 
46.3 

2.07 

7.8 
29.8 

6.8 
31.2 

5.6 
31.1 

5.9 
24.9 

5.0 
23.3 

6.6 
21.1 

7.4 
40.1 

6.6 
32.9 

5.4 
38.1 

5.2 
31.5 

5.9 
46.0 

1.91 

9.0 
8.8 

10.7 
6.1 

9.4 
6.7 

10.7 
7.6 

9.8 
5.2 

8.1 
12.0 

9.4 
11.7 

8.9 
12.1 

9.5 
IO.O 

8.8 
10.1 

8.8 
14.4 

0.89 

spike spike spike (g) 
(g) 

19.4 20.5 56.7 2.18 8.2 38.6 
6.6 8.9 17.5 17.9 32.7 8.3 

20.0 17.9 44.4 1.58 4.9 35.6 
8.8 IO.O 9.2 18.2 24.5 15.2 

21.8 22.2 45.0 1.70 5.3 37.8 
5.2 6.6 8.4 11.6 20.7 8.1 

18.4 16.3 49.4 1.74 4.3 35.0 
6.8 6.9 25.3 31.2 53.1 15.1 

20.3 19.7 41.4 1.37 3.0 32.6 
2.9 5.1 29.6 34.4 50.2 14.2 

18.2 21.4 41.0 1.44 4.9 34.9 
9.2 11.9 25.5 32.5 46.9 19.8 

18.7 18.9 49.2 1.99 8.6 40.4 
9.3 12.3 19.4 24.6 54.9 13.8 

19.5 20.9 55.0 1.99 6.9 36.6 
7.4 11.5 20.2 31.0 50.0 33.6 

18.0 18.0 48.1 1.71 4.0 35.8 
9.8 9.9 20.3 36.9 61.0 39.3 

18.2 19.7 48.5 1.64 3.7 34.0 
7.4 9.2 16.7 27.6 52.8 22.6 

18.5 20.0 47.1 1.63 4.0 33.2 
11.6 9.9 31.7 42.2 83.7 21.5 

1.50 1.80 6.54 0.45 2.54 8.36 
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T a b I e 2. Aluminiwn tolerance of parent lines and hy­
brids expressed as % root regrowth 

V ariety or cross Concentration of Al ions 
combination in the medium (mg/kg) 

3 6 9 

Inia 66/16 100.0 100.0 84.5 
Alfa o.o o.o o.o 
Eta o.o o.o O.O 
Henika 2.5 o.o o.o 
Jara o.o o.o o.o 
Kadett 1.5 o.o O.O 

Inia 66/16 x Alfa 71.3 45.1 19.1 
Inia 66/16 x Eta 90.3 76.1 30.0 
Inia 66/16 x Henika 78.0 74.3 41.7 
Inia 66/16 x Jara 82.2 51.1 18.4 
Inia 66/16 x Kadett 92.0 78.1 43.8 

2.5 and 1.5 % of seedlings, respectively, with 
the roots regrowing at the lowest aluminium 
concentrations applied was noted. It indicates 
the possibility of the selection of isogenic lines 
of these varieties with a certain tolerance to 
this stress factor. However. all the hybrids had 
an interesting tolerance. from the breeding 
point of view. A considerably high percentage 
of seedlings with roots regrowing (i.e., toler­
anl) at 9 mg/kg of aluminium, oscillating from 
18.4 to 43.8 %. enables the breeder the choice 
of plants with favourable ideotype. At the 
maximal concentration of aluminium ions in 
the medium. the highest percentage of tolerant 
seedlings was found in the combinations of 
Inia 66/16 x Kadett and Inia 66/16 x Henika. 
In all the hybrids the decrease in the number 
of tolerant seedlings was noted together with 
the increase in the aluminium ion concentra­
tions in the medium. A considerable amount 
of hybrid seedlings with regrowing roots indi­
cates the real possibilities for selecting among 
them the lines tolerant to toxic aluminium in 
acidified soils. The obtained results confirmed 
the author's earlier research [5-7], conceming 
Brazilian varieties and those regionalized in 
Poland. as well as the earlier generations of 
these and other hybrids in the respect of their 
response to toxic aluminium. Also the research 
canied out by Anioł [l-3). conceming the trans­
fer of genes' tolerance. to aluminium ions, from 
Brazilian varieties to those regionalized in Po-

land clearly confirms the sense and purpose 
fulness of these studies. 

CONCLUSIONS 

1. The results of the laboratory tests of 
seedlings confirmed the very high tolerance of 
the model Brazilian variety - Inia 66/16 as 
well as the sensitivity of the varieties regio­
nalized in Poland. 

2. From among the hybrids tested, the 
combination Inia 66/16 x Heni.ka marked out 
with the high tolerance to toxic aluminium 
ions as well as with the most favourable ideo­
type. 

REFERENCES 

1. Anioł A.: Metody określania tolerancyjności zbóż na 
toksyczne działanie jonów glinu. Biul. IHAR. 3-4. 
1981. 

2. Anioł A.: Podstawy hodowli roślin odpornych na 
toksyczne działanie jonów glinu. Biul. IHAR, 156, 
185-194, 1985. 

3. Anioł A.: Genetics of acid tolerance plant. Proc. Int. 
Symp. 'Plant-Soi) lnteractions at Low pH'. Berckley, 
W. Wirginia, USA, 1007-1017, 1991. 

4. Foy C.D.: Plant adaptation to acid, aluminium-toxic 
soils. Commun. Soi) Sci. Plant Ann., 19. 959-987, 
1988. 

5. Masłowski J.: Oddziedziczalność cech fizycznych i 
reakcji pszenicy jarej na stresowe warunki środowiska 
glebowego. CPBP 05.03, IA PAN. Lublin, Stresz­
czenie wyników badań 1986-88, 1988. 

6. Masłowski J.: The wheat tolerance soi) acidification 
as an element of crop production rationalisation. Ab­
stract, Int. Sci. Conf. Olsztyn, I 990. 

7. Masłowski J.: Tolerancyjność różnych genotypów 
pszenicy jarej na stresowe działanie jonów glinu. JII 
Symp. Mat. Genetyka ilościowa roślin uprawnych. 
Kudowa Zdrój, 1993. 

8. Ślaski J.: Fizjologiczne i genetyczne uwarunkowania 
tolerancyjności zbóż na kwaśny odczyn gleby i 
toksyczność jonów glinu. Biul. IHAR, 183, 37-44, 
1992. 

TOLERANCYJNOŚĆ WYBRANYCH GENOTYPÓW 
PSZENICY JAREJ NA STRESOWE DZIAŁANIE 

JONÓW GLINU 

Toksyczność glinu uważana jest obecnie za główny 
czynnik limitujący produktywność roślin na zakwaszo-­
nych glebach. W pracy analizowano tolerancyjność sie­
wek różnych genotypów pszenicy jarej na toksyczne jony 
glinu w kulturze wodnej oraz wyniki pon1iarów biometry­
cznych roslin. Testowano 5 kombinacji krzyżówkowych 
F

4 
oraz ich formy wyjściowe (f -Inia 66/16. d' - Alfa, 



212 J. MASŁOWSKI 

Eta, Henika, Jara, Kadett). 
W obrębie każdej fonny rodzicielskiej poddano po­

miarom biometrycznym po 30 roślin, natomiast kombina­
cji mieszańcowej 60 pojedynków. Dla wszystkich IO 
badanych cech obliczono współczynniki zmienności, śred­
nie arytmetycme oraz istotność różnic. 

Spośród komponentów rodzicielskich najwyższą to­
lerancyjność na jony glinu wykazał światowy wzorzec od-

pomości na ten czynnik - odmiana brazylijska - Inia 

66/16. Pozostałe odmiany potwierdziły swoją wrailiwość 

na działanie glinu. Nowoczesnym ideotypem roślin oraz 

pożądaną tolerancyjnością na toksyczne działanie jonów 

glinu wyróinił się mieszaniec Inia 66/16 x Henika. 
S I o w a k 1 u c z o w e: pszenica jara, toksyczność 

jonów glinu. 


