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UNFAVOURABLE INFLUENCE OF MOBILE ALUMINIUM ON CEREAL PLANTS
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A bstract A significant increase of pH_  values
was noted by the transfer from objects A (the plants fell
completely out) to objects C (the plants grew nommally). In
the places where the arable layer of soil contained over 70
mg Al kg’ the grains showed distinct symptoms of physio-
logical illness, and at the content over 90 mg Al kg’ the
plants fell out completely. In spite of distinct differences
in the growth and development of plants between several
objects (A,B,C), the content of basic macroelements and
aluminium in the above-ground parts and roots of plants
proved stable. The increase of physiological illness symp-
toms in the particular grain plants was mostly connected
with the occurrence of mobile aluminium. The increaes in
Al” concentration in soil limited the growth and develop-
ment of plants and, in extreme cases, drying and falling
out proceded.

' K e y w o r d s: mobile aluminium, cereal plants,
chemical composition, soil reaction, soil fertility

INTRODUCTION

Poland is the only country marking itself
by a great percentage of acid soils (60 % of
arable land, in this number 20 % of soil has
pHkci< 4.5), [2,3]. The acidification of soils
increases all the time which is the result of natu-
ral conditions, their agricultural usage, and the
influence of growing industry and using insuffi-
cient amounts of calcium fertilizers.

The research carried out in aquaculture
and in soils of various reaction proved that the
unfavourable effect of low pH on plants is
caused, not so much by high hydrogen ions
concentration, but by, so called, secondary ef-
fects of acidification among which in mineral
soils the high concentration of aluminium ions

plays the greatest role [1,4,6-8,13].

In soils with pHg<5.0 aluminium is re-
leased from weathering minerals and is trans-
located to the soil solution.

The toxic action of A3+ ions on the plants
begins already at an active aluminium content
in the range of 20-40 mg kg1 of soil [9]. The
content of this element in mineral soils - above
50 - and in organic soils - above 100 mg kg1
of soil is considered critical for some plant
species [14].

Aluminium is easily uptaken by plants and it
is collected mainly in roots which causes their
damaging and growth inhibition [1,6,10,15,16].

Aluminium indeed damages mainly roots,
but symptoms of its toxicity occur also in the
form of leaves necrosis and the dying of the
sprout tops [10]. Leaves and sprout damages
may be caused directly by aluminium but, more
often, they are indirect. They are similar to those
caused by the lack of N, Ca, P and Mg [5,6].

The aim of the research presented here
was to determine the conditions of occurring
the effects of AI3* presence in soils.

MATERIALS AND METHODS

The recognition of the problem was car-
ried out in the northern area of the middle-east
region of Poland where distinct symptoms of
secondary effects of strong acidification of soil
were visible (Fig. 1).
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Fig. 1. Research area (+ Rudno - sampling sites).

The plantations were divided into the fol-
lowing objects:

A - those where plants completely fell out or
they did not achieve the generative phase
of development,

B - those where plants showed distinct symp-
toms of strong soil acidification, they were
worse than nommal, but they reached the
phase of generative development,

C - those where plants grew well, they did not
show any symptoms of physiological iliness.
Soil samples were taken from the 0-20,

20-40, 40-60 cm layers of these objects. Plant

samples of cereals (barley, wheat, rye and

oats) were taken in the heading phase (10.5

according to Feekes scale).

Strict research in glass house was also car-
ried out. In the pot experiment the soil acidifi-
cation was differentiated through additional
acidification of pots from object I and II by
adding H,SO4 according to 0.4 and 0.2 Hh.
The object III had the initial level of acidity,
while the objects IV to X were laimed with
CaO acording to the following level of hydro-
lytic acidity respectively: 0.2, 0.4, 0.6, 0.8,

1.0, 1.2, and 1.5. There was 5.5 kg of soil in
each pot and the same NPK fertilization was
aplied. The test plant was spring barley of the
LGR, breed and Ars variety.

The following chemical analyses of the
soil material were carried out: pHg ), hydro-
lytic acidity with Kappen’s method, exchange-
able acidity and mobile aluminium with
Sokolov’s method, available phosphorus and
potassium with Egner-Riehm method and
available magnesium with Schachtschabel’s
method.

The following elements were determined
in the plant material: total N with Kiejdahl’s
method, potassium and calcium with flame photo-
metry, phosphorus and aluminium - colorimetri-
cally; both in over ground parts and in roots.

RESULTS

A significant increase in pHgc value
from object A to object C in the fields of all
four basic cereals was noted, taking into ac-
count only the layer of 0-20 cm in which the
greatest changes were noted (Table 1). In the
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layers of 20-40 and 40-60 cm the hydrogen
ion concentration changed a little along with
the disappearance of the physiological illness
symptoms in the subsequent objects. Hydrolytic
acidity significantly decreased along with the
depth within each object.

Exchangeable acidity showed the grea-
test dynamics of the decrease along with the
depth. Evidently lower values of exchange-
able acidity were noted in objects C in com-
parison to objects A and B. The exchangeable
acidity was mainly influenced by mobile
aluminium. Its content influenced to the grea-
test extent the increase of physiological illness
of the subsequent plants. In places where the
plough layer of soil contained over 70 mg Al
kg1 the cereals showed distinct symptoms of
physiological illness, and at the content over
90 mg Alkg'! the plants completely fell out.

In spite of distinct differences in growth
and development of plants in the subsequent
objects (A,B,C), the basic elements and alumi-
nium content in the above-ground parts and
roots showed stable (Table 2). The exa-
mination of the cereals mineral composition,
differing to a great extent in their growth,
practically did not explain the disturbance in
their nutrition. The increase in physiological
illness symptoms in subsequent plants caused
by secondary effects of strong soil acidifi-

Table 3. The content of available P, K and Mg in soil

Available forms (mg kg'h

Object*

P K Mg
1 89.71 489.85 19.97
1i 90.17 435.89 17.14
1 86.46 370.63 16.95
v 85.40 303.04 12.97
v 87.96 244.95 16.81
VI 98.46 178.21 61.54
VIl 100.48 122.34 50.25
Vil 100.59 157.57 51.90
IX 109.32 180.87 46.51
X 115.10 160.47 47.70
x 96.36 264.38 34.17

LSD P=0.05 n.s. 160.88 16.91

cation was to the greatest extent connected
with the presence of mobile aluminium. The
increase in the AIP* concentration in soil
limited the growth and development of plants
and, in extreme cases, the drying and falling
out of plants proceded.

The differentiation in the content of avai-
lable K, Mg and P forms was noted between
the objects (Table 3), but these components’
availability in the examined soils was in me-
dium and high range. The greatest amount of
the available potassium form was noted in ob-
jects T and II (the addition of H,SO,4), which
might be the result of primary aluminosilicate
decomposition and K* mobilization:

K,0 ALO, 6Si0,+ 2H" + SO,* >
orthoclase

H,0 ALO, 65i0, +2K* + SO,*
six alsifer acid

Table 4 shows the mineral composition
of spring barley roots from LGR; breed and
Ars variety. The roots contained large amounts
of phosphorus and aluminium, at the same
time P contents were on more or less similar
level in all objects for LGR; breed and also
Ars variety. On the other hand, aluminium

content in strongly acid objects was over 1 %,
especially in LGR; breed.

DISCUSSION

The distinct decrease of mobile alumi-
nium content in soils from the objects C (the
lack of the illness symptoms in plants) was the
result of higher pHy ¢, which lead to the tran-
sition of AI3* into AI(OH)Z*, AI(OH), and
Al(OH);, [9,16]. The amount of mobile alumi-
nium in soil above 70 mg Al kg1 caused in
cereals distinct symptoms of physiological il-
Iness, and over 90 mg Al kg'! the plants com-
pletely fell out. It is confirmed by the results
of other authors [2,13]. Large amounts of AP+
caused plant chlorosis, also noted earlier by
other authors [4,7,8].

The content of available P and K in soil
was from medium to very high. However,
strong soil acidification and its large mobile
aluminium content did not allow the proper



A. BADORA

14

"SPOYIR]N pure sTeuale]y 20s uonjeuedxs 104,

1270 110 1€0 ol'0 010 600 (80 080 S60 80 9L0 680 o  0T0 STO oLt 181 651 X
970 STO 820 10 TI0 800 €90 SO0 ILO LLO S§80 OLO €20 IT0 STO g8l 891 61 Xi
970 8TO0 STO 110 11'0 800 SS0 IS0 850 S0 T80 690 LTO0 STO 620 11 881 s§1 NIA
ST0 9T0  STO 01’0 o010 010 IS0 790 0b0 680 080 860 $T0 1T0 820 91 W1 £§1 1A
€O  8€0  OE0 €10 €10 ¥I0 €O 8€0  1€0 Ltry e €1 620 8T0 O0£0 J2:3 S /3 S f G 7.\
1€0 0£0  €£0 SO0 SO0 900 €50 €S0 S0 9l 61 €91 620 820 I€0 60T €I'T 90T A
820 STO 1€0 SO0 S00 SO0 0 L0 €0 sl €91 pEl 0£0 €£0 820 SIz  er 661 Al
670 PE0  STO P00 SO0 00 Lro  LTo  LTO €1 1r I8 SE€0  €¥0 820 S€T  8¢T €T I
wo 90 6l'1 €00 €00 $00 810 610 LIO 9¢'l w1l 8T 620 €¥0 910 1wz 661 $8T I
860 S60 1071 L00 900 800 910 810 vI0 8L0 80 L0 0£0 Ov0 0T0 9I'T Tl 00€ I
p ay W97 X uy Yo p 4 sy o1 X ay o1 X sy o1 X uy Yo
+1990q0
v 3N o) .| d NT®oL

(9 ur) 3uuea 3uunp 51001 Lopeq Suuds Ul SUBWS[S JO WO P I[qE I,



EFFECT OF MOBILE ALUMINIUM ON CEREAL PLANTS 15

growth and development of plants [2,6,14].
The nutrients (and especially phosphorus) were
probably reversed in the plant roots and also in
the soil solution by the mobile aluminium,
which is in agrement with the conclusions
drawn by other researchers [5,7.8,15].

The analysis of mineral composition of
plants did not explain in principle, any distur-
bances in their nutrition. Weak and drying
plants showed high content of basic microele-
ments. However, as they produced smaller
biomass, which was caused by toxic condi-
tions, so as the components uptake was smal-
ler than in case of healthy and shapely
plants[7].

CONCLUSIONS

From the studies carried out the following
conclusions can be drawn:

1. Soils from cereal plantations, on which
plants showed acute symptoms of illness, con-
tained over 90 mg Al kg'l.

2. The external symptoms of cereal physi-
ological illness on strongly acid soils were the
symptoms of Mg, P and K deficiency. The
analysis of plant mineral composition did not
confirm the dependence between the available
forms of macroelements in acid soils and in
plants, and it cannot be used at the evaluation
of nutrition conditions of plants.

3. It seems that phosphorus and magne-
sium deficiency symptoms in plants were more
the result of the excess of AI?*, than the defi-
ciency of available forms of Mg, P, K, and Ca
in soil.
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NIEKORZYSTNY WPLYW GLINU RUCHOMEGO
NA ROSLINY ZBOZOWE

Zaobserwowano znaczny wzrost wartosci pH przy
przejiciu od obiektéw A (rosliny wypadaly catkowicie)
do obiektow C (rosliny rosty normalnie). W miejscach
w ktér?'ch warstwa oma gleby zawierala powyzej 70 mg
Al kg™’ zboza wykazywaly wyraZne symptomy choroby
fizjologicznej, a powyzej 90 mg Al kg'lros’liny wypada-
ly catkowicie. Pomimo wyraZnych réznic we wzroscie i
rozwoju roslin w poszczegdlnych obiektach (A,B,C), za-
warto$¢ podstawowych makroelementéw i glinu w cze-
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glebie ograniczal wzrost i rozwdj roflin, a w skrajnych

przypadkach nastgpowalo zasychanie i wypadanie roslin.
Stowa kluczow e: glin uchomy, rofliny zbozo-

we, sklad chemiczny roslin, zasobno$¢ gleby, odczyn gleby.

$ciach nadziemnych i korzeniach roslin, okazala si¢ stabil-
na. Nasilenie symptoméw choréb fizjologicznych na po-
szczegblnych zbozach, mialo najwickszy zwiazek z
wystepowaniem glinu ruchomego. Wzrost stgzenia AP w



