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A b s t r a c t. In the present paper the effect of sunu
lated acid rain on the shaping of ion balance in the ordi
nary cocksfoot is discussed. The evaluation of this process 
was carried out on the basis of a three-year long field ex
perunent perfonned on brown soi! fonned from loess. 
Bach year in the vegetation period it was sprinkled 20 
times with simulated fali with pH 7.1, 3.8 and 3.2 in the 
conditions of differentiated liming with dolomite. 

The applied experimental factors, first of all acid fali, 
1ignificantly influenced the percentage contribution of re
spective ions in their sums. In the non-luned objccts, acid 
nin with pH 3.2 contributed to over double increase in 

percentage of so;- ion share in the inorganic ion sum. 

Simultaneously, in those objects a significant broadening 
of the ratio K:(Ca+Mg) value occurred, comparing to the 
value of this ratio in the control series. After the third year 
ofthe experiment this amounted to 2.54, i.e., the boundary 
value of 2.2 after which the risk of tetanygeneity of feed 
incrcases was excceded significantly. 

The liming with dolomite completely prevented the 
unfavourable effect of the broadening of the ratio K: 

(Ca+Mg) value and it partly inhibited the increase in so;
ion sharc in the dry matter of the plant tested. The carried 
out rcscarch allow us to state that one of the causes of the 
reduction of plants growing within the range of acid rain 
influence, may be the disturbance of the ion balance in 
plants. 

K e y w o r d s: ion balance, ordinary cocksfoot, acid 
nin,lime 

INTRODUCTION 

Maintaining the ion balance, in the meaning 
of optimal ion ratio in plants, has been treated 
for a long time as one of the basie factors de
ciding about the final effect of the quantity 
and quality of the yield [7.18]. The desturbing 

of ion proportions may occur at the applying 
of high - not always balanced minerał fertiliz
ing. It may occur also in the plants growing 
within the range of acid pollution operation. 
The principal negative effect of the acid imis
sions on the ionic com position of plants results 
from their indirect influence through soil. The 
chemical acidification of soil as the result of acid 
falls causes changes in the availability of nutrients 
and in the microbiological activity of soil and it is 
connected with the elution of the alkaline compo
nents and the increase in the phytotoxic substances 
solubility in soil [2,8,12,14,17]. 

Acid rainfalls also influence plants direct
ly and it is connected with excessive uptake of 
ions, especially sulphates, by the assimilation 
organs of plants. Simultaneously, as the effect 
of damaging the protective layer of leaves, the 
elution of cations from them may occur. It per
tains mainly to the cations of potassium, mag
nesium and calcium [2]. The change of ion 
distribution in soil solution in the sorptive com
plex and the excessive uptake of sulphates by 
leaves result in unfavourable ion composition 
of plants. We may presume that it is one of the 
possible causes of the reduction of yielding of 
the plants growing within the range of the acid 
rain operation. 

The aim of the research presented here 
was to analyse the effect of simulated acid fali 
- in the conditions of dolomite liming and 
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without dolomite - on the ion composition of 
ordinary cocksfoot. 

MATEl'1ALS 

The base for the research constituted plant 
materiał obtained from the strict, three-year 
long field vegetative experiment. The experi
ment was carried out on brown soil formed 
from loess, with the grain-size distribution of 
silt. The soi! had light acid reaction, very high 
available phosphorus content, high potassium 
availability and medium available magnesium 
content. The testing plant was ordinary cocks
foot (Dactylis glomerata L.) of Motycka va
riety, harvested three times during the vegetation 
period. The experiment was carried out in the 
years 1989-1991 with the method of complete
ly randomized blocks. It comprised three va
riable factors (the pH of simulated fali, dolomite 
dose, years) on three levels. The scheme of the 
experiment comprised 9 objects in 4 replica
tions: 

1. S0Cao 
2. S1Cao 
3. S2Cao 
4. SoCal 
5. S1Ca1 

So - sprinkling with water the pH of which 
was 7.1 (± 0.1); 

· S1- sprinkling with acid solution of pH 3.8 
(±0.05); 

S2 - sprinkling with acid solution of pH 3.2 
(± 0.05); 

Cao - without liming; 
Ca1- dolomite liming according to 0.5 Hh -

0.85 t CaO 100 % ha-1; 
Caz - dolomite liminf according to 1 Hh - 1.7 t 

CaO 100 % ha- . 
Pollution background: natura] fali reaction 

- 5.3 pH (4.9-6.2), S-SO4 content (mg S dm-3
) 

- 3.05 (2.30-4.75). 
The surface of the experimental field was 

4 m2. Liming was carried out once before the 
sowing of cocksfoot according to the scheme 
of the experiment. Ground dolomite with total 
alkalinity 45 % CaO was used for liming. 

The NPK fertilizing in the form of NH4NO3, 

Ca(H2PO 4)2 and 60 % KCI was applied every 

year in all the objects in the following amounts: 
180 kg N, 26 kg P and 100 kg K ha-1. Each 
year during the vegetation, in the period from 
15.05 to 25.09, plants were sprinkled accord
ing to the enclosed scheme once a week. During 
the three years 60 sprinkling were performed, 
20 limes a year. 

In one treatment 12.5 mm of fali (50 ctm3
/ 

4 m2) was supplied, during one vegetation 
period it amounted to 250 mm. Water taken 
from a deep well with pH 7 .1 was used for 
sprinkling. The solutions with pH 3.8 and 3.2 
were prepared by mixing water with sulphuric 
acid in the suitable proportion. The solution 
having pH 3.8 contained 12 mg S dm-3

, and that 
having pH 3.2 - 24 mg S dm-3

. Tuus with the 
simulated falls 30 (S1) and 60 (S2) kg S ha-I in 
the form of HzSO4 was introduced yearly into 
soil. The average amount of sulphur coming 
from natural rainfalls during the experiment 
amounted to 14.7 kg S ha-1year-1. 

The plant materiał was taken from single 
fields for the minerał composition analysis 
three times each year during the harvesting of 
the each outgrowth of cocksfoot. After the 
mineralization of the plant materiał in HzSO 4 
with the addition of HzO2 the following con
tents were determined: 
- phosphorus - colorimetrically with vana

dium-molybdenum method, 

- potassium and calcium with flame photo
metry method, 

- magnesium, manganese and iron with the 
method of atomie absorption spectrometry. 

After the extraction of plant materiał 2 % 
CHFOOH with the addition of active carbon, 
the sodium content was determined with flame 
photometry method as well as chlorine and 
sulphate sulphur content nephelometrically. In 
the water extract from the ground plant mate
riał after the protein precipitation with trichlo
roacetic acid the content of the following 
components was determined: 
- ammonium nitrogen - colorimetrically with 

Nesler's method; 

- nitrate nitrogen colorimetrically with phe
noldisulphonic acid. 

The results of the analyses were expressed 
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in mmol (±) l OOO g"1 (so far 'me'). 
The cation sum {L K) was calculated ac

cording to the theoretical bases conceming the 
ion balance in plants, i.e. by adding ions K+, 

+ + C 2+ 2+ f. Na , NH , a and Mg . The sum o mor-
ganie anions (l: An. inorg.) constitutes the sum 
of N03-, Cr, H2P04- and S042-. 

RESULTS 

The data presenting the influence of the 
reaction of simulated rainfall and dolomite 
dose on ionic composition of ordinary cocks
foot are presented in Table 1. The analysis of 
the results shows that cations are comparative
ly stable in all the experimental objects. The 
plants sprinkled with the fali which had pH 3.8 
and 3.2 had only slightly higher values of cat
ion sums comparing to these values in the con
troll combination. The increase in cation sums 
by several percent in these objects resulted 
mainly from the increase of potassium and so
dium content in dry mass of ordinary cocks
foot. In the objects without dolomite, sprinkled 
with pH 3.2 fali, a significant decrease of cal
cium and magnesium amount was noted in com
parison with the contenl~ of those ions in the dry 
mass of plants from the control objects. 

In the above objects, the amount of cal
cium decreased from 31.4 to 25.4 mmol 
(±)100 g"1

, and thai of magnesium from 15.6 
to 13.2 mmol(±)lOO g"1

• In the relative values 
this decrease. in case of calcium, amounts to 
19.1 % and in case of magnesium to 15.4 %. 

The sums of inorganic anions were dif-

ferentiated to a much greater extent (Table 1). 
Depending on the experimental object l: An 
inorganic amounted from 44.0 to 67.8 mmol 
{±) 100 g"1

. 

The highest content of inorganic anions 
had the plants sprinkled with the fali the pH of 
which was 3.2. It resulted first of all from the 
three-fold increase in sulphate content in the 
dry matter of plants from these objects com
paring to the values of these ions noted in con
trol objects. 

The experimental factors to a great extent 
influenced the fonning of the proportion K: 
(Ca+Mg), (Table 2). The greatest disturbance 
of this proportion occurred in the experimental 
series without dolomite, sprinkled with the fali 
the pH of which had been 3.2. In the dry mat
ter of plants from the discussed here objects -
as the result of limiting the magnesium and 
calcium uptake - the value of the proportion 
K: (Ca+Mg) broadened to a great extent com
paring to the control objects. The highest 
value of the ratio of calcium to calcium and 
magnesium sum was achieved in the third year 
of the experiment. 

It amounted to 2.54, i.e., it significantly ex
ceeded the value 2.2 accepted as the boundary 
one, over which the risk of the fodder tetanyge
neity increases. Dolomite liming improved to a 
great extent the relation between potassium, 
calcium and magnesium in the dry matter of 
the test plant. The average value K: (Ca+Mg) 
for the level Ca1 amounted 1.55 and for level 
C32- 1.44. 

Tab Ie 1. Influence of simulated rain and liming on the ionic composition of cocksfoot grass [mmol (±) 100 f 1
) - the 

average data from three years 

Treat- Cations Anions 
ments K• Na• Ca2• Mg2• NH4 rK NOi H2PO:i c1· soi- ~ninorg. 

SiJCac, 71.4 3.9 31.4 15.6 7.8 130.1 6.4 10.6 25.9 6.2 49.1 

S1Cao 77.8 4.8 31.9 16.4 7.1 138.0 5.7 11.0 25.4 10.0 52.1 

SiCao 83.9 5.2 25.4 13.2 9.3 137.0 9.3 Il.O 28.2 19.3 67.8 
S0Ca1 69.6 3.5 32.9 17.3 7.1 130.4 5.7 10.6 24.0 5.6 45.9 
S1Ca1 72.4 3.9 34.4 18.0 6.4 135.1 5.7 10.6 22.3 8.1 46.7 
S2Ca1 82.4 4.8 30.4 15.6 7.8 141.0 7.8 10.6 24.2 15.0 57.6 
SoCai 67.8 3.5 33.9 17.3 7.1 129.6 5.7 10.3 21.4 5.0 42.4 

S1Cai 70.6 3.9 35.4 18.1 6.4 134.4 5.0 10.6 20.3 8.1 44.0 

S2Cai 74.2 4.3 31.9 16.4 7.8 134.6 7.1 11.0 22.3 14.3 54.7 
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Tab Ie 2. Influence of simulated rain and timing with dolomite on the fonnation of the molar ratio(+) K: (Ca+Mg) 
value in the dry ma~s of cocksfoot grass 

Treatments Ca0 Ca1 Ca2 

Years SO s1 S2 SO s1 S2 SO S1 S2 
xyears 

1989 1.53 1.45 1.77 1.43 1.30 1.51 1.34 1.25 1.45 1.45 
1990 1.79 1.77 2.42 1.64 1.69 2.07 1.58 1.54 1.90 1.82 
1991 1.40 1.71 2.54 1.30 1.34 1.63 1.23 1.27 1.34 1.54 

i-S 1.47 1.48 1.86 

i-Ca 1.82 1.55 1.44 

i-SxCa 1.57 1.64 2.25 1.46 1.44 1.74 1.39 1.36 1.58 

i 1989 1.43 1.33 1.58 

LxS 1990 1.67 1.67 2.13 
1991 1.31 1.44 1.86 

x 1989 1.58 1.41 1.35 

LxCa 1990 1.99 1.80 1.68 
1991 1.88 1.42 1.30 

LSD (p=0.01); s. Ca, L= 0.048; S x Ca; Sx I..; Cax L= 0.112; S x Ca x L= 0.224. 

T a b I e 3. Influence of simulated rai n and liming with dolomite on the fonnation of proportional share of SO~- in the 

total of inorganic anions in the dry mass of cocksfoot grass 

Treatments Ca0 Ca1 Ca2 

Years SO S1 S2 SO s1 S2 SO S1 S2 
xyears 

1989 13.4 21.0 28.1 11.4 19.1 27.0 12.4 19.8 25.8 19.8 
1990 105. 18.2 28.3 9.7 15.7 26.1 9.2 17.0 28.0 18.1 
1991 15.1 19.3 30.8 13.7 18.0 27.1 14.0 18.7 27.1 20.4 

x-S 12.2 18.5 27.6 

i - Ca 20.5 18.6 19.1 

i-SxCa 13.0 19.5 29.0 11.6 17.6 26.7 11.9 18.5 26.9 

i 1989 12.4 20.0 26.9 

LxS 1990 9.8 17.0 27.4 
1991 14.3 18.7 28.3 

i 1989 20.8 19.1 19.3 

LxCa 1990 19.0 17.2 18.1 
1991 21.7 19.6 19.9 

LSD (p=0.01 ); S, Ca, L = 0.66; S x Ca, S x L, Ca x L = 1.53; S x Ca x L = 3.05. 

The consequence of the differentiation of increase of the sulphates share occurred in the 
sulphates in the dry matter of ordinary cocks- effect of sprinkling the plants with the simu
foot as the effect of the applied experimental lated acid fall in the non-limed series. Cocks
factors is the significant influence of these fac- foot from these objects which had been 
tors on the percentage contribution of S-S04 sprinkled with the fall with pH 3.8 had 19.5 % 
in I: An. inorganic fonnation (Table 3). In the share of S-S04 in I: An inorganic. The appli
control objects (S0C3<)) the percent share of sui- cation of the fall with pH 3.2 was connected 
phate ions in the sum of inorganic ions with the increase in the percentage contribu
amounted on the average -13 %. The highest tion of sulphates to 29 %, i.e., over double in 
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comparison to these ions share in the control 
objects. Dolomite liming of plants to a limited 
degree influenced the decrease of proportional 
sulphates share in the sum of inorganic anions 
in the dry content of ordinary cocksfoot. 

DISCUSSION 

The sprinkling of ordinary cocksfoot with 
the simulated rain influenced, to a great de
gree, the changes in its chemical composition. 
Their range was the highest after sprinkling 
with the rain with pH 3.2 in the non-limed ob
jects. Among cations the influence of the acid 
rain in this experimental series manifested 
rnainly by the decrease in magnesium and cal
cium concentration in the dry matter of ordi
nary cocksfoot. The amounts of exchangeable 
ions in the dry mass of the tested plant were 
correlated with their amount in soi! [8]. This 
correlation testifies to the strict connection be
tween ion saturation in the sorption complex 
of soi! and the ionic composition of plants 
[4,6,7). It also testifies to the fact that the ne
gative influence of acid rains on the environ
ment of plants is connected with the indirect 
eff ect on them through soil. As the result of 
these dependencies, in the dry matter of ordi
nary cocksf oot from non-limed objects but 
sprinkled with the fali with pH 3.2, the lower
ing of calcium content by 19.l % occurred and 
the lowering of magnesium by 15.4 % in com
parison to the amount of these ions in the con
trol objects. The decrease in magnesium 
content in the forest trees - most probably be
cause of long-term effect of acid rains - is the 
most frequently signalled cause of the occur
rence of the disturbances in the growth and de
velopment of trees. 

Among the inorganic anions the acid rain 
effect manifested first of all in a significant in
crease of sulphate sulphur in the dry matter of 

❖- plants. In the majority ofpapers [5,7,10,12,16) 
pertaining to the effect of SO2 on the chemical 
composition of plants, higher amounts of sul
phates in their organs are noted as the result of 
this gas presence. Slightly smaller amounts of 
sulphate sulphur were noted in the dry matter 
of plants from the limed objects which may re-

sults from the so-called 'dilution of compo
nent'. It is well known phenomenon which ac
companies achieving high yielding of plants 
[11). Dolomite liming may also have in
fluenced the dicrease in sulphate content in the 
dry matter of ordinary cocksfoot directly. 
Known are the papers [1 ,131 in which it is 
stressed that the increase in calcium and espe
cially magnesium ion contents in the sorption 
complex limits the uptake of sulphates by 
plants. 

The changes in content of severa! ions 
were connected with the disturbance of ion 
proportions between cations and anions. In the 
experimental series S2C3o the share of sul
phates in I: An inorganic increased almost two 
times as compared with the control series 
S0C3o. As the result of lowered uptake o~ cal
cium and magnesium the value of the rat10 K: 
(Ca+Mg) broadened in these objects to the 
values over . which the risk of feed tetanyge
neity increases [15). 

The analysis of the obtained results allows 
to presume that the described changes in the 
ion proportion in cations and anions may be 
one of the causes of the yield reduction of 
cocksfoot which grows within the range of 
acid pollution effect. Such an interpretation is 
confirmed partly by the author·s earlier papers 
pertaining to the effect of SO2 and acid rain on 
some elements of ion balance in plants [7,9). 

Dolomite liming influenced the mainta
nance of the proper ratios between potassium, 
calcium and magnesium and slightly decreased 
the percentage contribution of sulphates in I: 
An inorganic. 

As it results from literature [2,3), timing 
constitutes the basie measure counteracting the 
acidification of soi! in the condition of acid 
emission effect in case of agricultural ecosys
tems, as well as forest and water ones. 

CONCLUSIONS 

1. Watering the plants with simulated rain 
with pH 3.2 caused a significant decrease in 
magnesium and calcium content and three-fold 
increase in sulphates in the dry matter of ordi
nary cocksfoot comparing to the control objects. 
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2. The changes in the content of the sev
era] ions were connected with the disturbance 
of ion ratios between cations and anions. In 
the experimental series sprinkled with the 
rainfall the pH of which was 3.2 the sulphates 
share in the l: An inorganic increased over two 
limes comparing to the share of those ions in the 
control series. Simultaneously - in the effect of 
uptaking calcium and magnesiumby the plants 
- the value of the ratio K:(Ca+Mg) broadened 
over the boundary value 2.2 which increases 
the risk of feed tetanygeneity occurring. 

3. Dolomite timing influenced mainta
ining the right proportions between potassium, 
calcium and magnesium and slightly de
creased the percentage contribution of sul
phates in the l: An inorganic. 

4. Unfavourable changes in ion propor
tions between cations and anions may be one 
of the causes of the reduction the yielding of 
the plants growing within the range of acid 
pollution effect. 

REFERENCES 

1. Barney P.E., Bush L.P„ Legełt J.E.: Sulphur accu
mulation in tall fesaie, orchardgrass, and alfalfa. 
Agron. J., 76, 23-26, 1984. 

2. Dechnlk I., GIIMkl J., Kaczor A„ Kern H.: Roz
poznanie wpływu kwaśnych deszczy na glebę i rośli
nę. Probl. Agrofizyki, 60, 1990. 

3. Ded1111łk I„ Kaczor A.: Wpływ symulowanego 
kwaśnego deszczu na niektóre właściwości gleby les-
1owej w warunkach zróżnicowanego nawożenia do
l0111item. Rocm. Glebom., 42(3/4), 53-59, 1991. 

4. FIiipek T.: Kształtowanie się równowagi jonowej w 
fycie w zależności od wysycenia gleb kationami. 
Rocm. Glebom.,41(1/2), 133-143, 1990. 

5. Godzik S„ Poborskl P„ Szdzuj J.: Usuwanie za
nieczyszczeń powietrza pm:z rośliny. Wiad. Bot., 
29(3 ), 2 l 3-228, 1985. 

6. Gorlach E„ Curyło I.: Reakcja runi łąkowej na wap
nowanie w warunkach wieloletniego zróżnicowanego 
nawot.enia mineralnego. Rocm. Glebom., 41(1/2), 
161-177.1990. 

7. Kaczor A.: Wpływ dwutlenku siarki we wsp6łdziała
niu z potasem na plonowanie i równowagę jonową w 
roślinach . Ann. UMCS, E, 38/39, 253-279, 1983/84; 
40(14), 133-142, 1985. 

8. Kaczor A., Dechnlk ).: Oddziaływanie symulowane
go kwaM1ego opadu na kształtowanie się w glebie ak
tywnych form składników pokarmowych roślin . Zesz. 
Probl. Post. Nauk Rolo., (in print). 

9. Kaczor A„ Dechnlk I.: Skład mineralny kupkówki 

pospolitej w zależności od pH symulowanego 
kwaśnego deszczu i wapnowania dolomitem. Zesz. 
Nauk. AR, Kraków, 262, 47-51,1991. 

10. Llntłlunt R.A. (ed.): Dim:t and indirect effects of 
acidic depo1ition on vegetation. Acid Precipitation 
Series, London, 1984. 

11. Mengel K„ Klrkby E.A.: Podstawy żywienia roślin. 
PWRiL, Wanzawa, 1983. 

12. Motowlcka-Terelak T „ Dudka S.: Degradacja gleb 
zanieczyszczonych siarką i jej wpływ na rośliny up
rawne. Wyd. JUNG, Puławy, R (284), 1991. 

13. Siuta J„ Rejman-Czajkowska M. (ed.): Siarlca w 
biosfem:. PWRiL, Wanzawa, 1980. 

14. Stlcllanl W.M„ Doelmu P„ SalG111ons W., Schulla 
R„ Smlclt G.R„ Van der Zee: Chemical time bombs. 
Environment, 33(4), 4-9; 26-30, 1991. 

15. Uaderwood EJ.: Żywienie mineralne zwierząL 
PWRiL, Wanzawa, 1971. 

16. Wartereslewlcz M.: Oddziaływanie zanieczys=ń 

powietrza dwutlenkiem siarłci na wybrane gatunki roślin 
w rejonie GOP-u. AR:h. Ochr. Środ., l, 95-166, 1979. 

17. Wlllbum A.: Air Pollution and Acid Rain: the Biol
ogical lmpaCL New York, 1988. 

18. Witt C.I„ Dljkshoon W„ Nogle J.C.: łonie ba
lance and growth of plants. Venl. Landbouwk. On
derz., 69(15), 1-68, 1963. 

RÓWNOWAGA JONOWA W KUPKÓWCE 
POSPOLITEJ DESZCZOWANEJ KWAŚNYM 
OPADEM l WAPNOWANEJ DOLOMITEM 

W pracy określono oddziaływanie symulowanego 
kwaśnego deszczu na kształtowanie się równowagi jono
wej w s.m. kupkówki pospolitej. Ocenę przeprowadzono 
w oparciu o trzyletnie badania polowe, wykonane na 
glebie brunatnej wytworzonej z lessu. Każdego roku w 
okresie wegetacji stosowano 20 deszczowań symulowa
nym opadem o pH 7.1. 3,8 i 3.2 w warunkach zróżnico
wanego wapnowania dolomitem. 

2.astosowane czymiki doświadcmJe, przede wszystkim 
zaś kwaśny opad, wpłynęły w istotnym stopniu na zróżni. 
cowanie procentowego udziału poszczeg6lnych jonów w 
ich sumach. W obiektach nie wapnowanych kwaśny deszcz 
o pH 3.2 przyczynił się do ponad dwukrotnego wzrostu 
procentowego udziału jonów so2- w sumie anionów nie
organicmych. Jednocześnie w obiektach tych wystąpiło 
macme rozszerzenie wartości K:(Ca+Mg) w porównaniu 
z wartością tego stosunku w serii kontrolnej. Po trzecim 
roku badań wartość ta wynosiła 2.54 zatem przekroczona 
została wyraźnie wartość granicma 2.2, powyttj której 
wzrasta ryzyko tężyC2JcogeMOlci paszy. Wapnowanie dolo
mitem całkowicie zapobiegało niekorzystnemu rozszerza
niu się wartości stosunku K:(Ca+Mg) oraz częściowo 
zahamowało wzrost udziału jonu so2· w s.m. rośliny te
stowej. Przeprowadzone badania upoważniają do stwier
dzenia, że jedną z przyczyn redukcji plonu roślin 

rosnących w zasięgu oddziaływania kwaśnych opadów 
mott być zachwianie relacji jonowych w roślinach. 

S ł o w a k 1 u c z o w e: równowaga jonowa, kup
kówka pospolita, kwaśny opad. wapnowanie. 


