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Abstract 

In this study, simulated acid rain in which the pH differs was sprinkled on crops for 1 
week. The concentrations of Mg, Ca, K, P , Fe and Zn in the leaves, stems and roots of 
these crop plants was determined by ICP atomic emission spectrometry. As a result, it was 
shown that many elements were easily released from the crops, as the pH was lowered. 
However, it became clear that Fe ion was very easily absorbed by each part of the plant at 
pH 5.6, though the level was decreased at pH 4.7 or less. 
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1. Introduction 
 
 Recently, forest have withered due to acid 
rain or acidic mist, and the effect on cultural 
assets has become a large social problem. Cases 
in which the soil has become acidified1-8 and 
cases in which acid rain directly falls on the 
plant9-14 are considered the path ways by which 
plants are affected by acid rain. Extensive 
research on plant growth and the absorption, 
storage and release of ions has examined the 
effect of acidified soil1-8. Regarding the direct 
effect of acid rain falling on plants, however, 
only research on the yield point of crops has been 
carried out9-14.  It is known that organic 
substances and inorganic ions like calcium and 

potassium are released from each part of the 
plant by rain3. However, there is limited research 
on these effects of acid rain at various pH 
levels2,3. Therefore, Kaiware daikon (radish: 
Raphnus sativus), Alfalfa (pulse :Medicago 
sativa) and Tohmyo (pea: Pisum sativum) grown 
from a plant height of several cm to about 10 cm 
as an experimental crop were used this study. 
During germination and growth of these crops, 
simulated acid rain of various pH levels were 
sprinkled on these  seeds and the seedlings were 
grown for one week. Magnesium (Mg), calcium 
(Ca), potassium (K), phosphorus (P), iron (Fe) 
and zinc (Zn) concentrations in each part of the 



leaf, stem and root of these crops were measured 
by inductively coupled plasma atomic emission 
spectrometry (ICP -AES). 
 As a result, it is reported, data were obtained 

showing a relationship between the 
concentrations of ions in the crop and the pH of 
simulated acid rain.

 
2. Experimental design 
 
2.1  Formation of simulated acid rain 
 
Simulated acid rain for this study was prepared 
by dissolving known quantities3 of various salts 
in pure water, and the solutions containing salt 
were respectively adjusted using inorganic acid 
to pH 5.6, 4.7, 4.0 and 3.5. 
 
2.2 Growth and decomposition procedure of 
the crops 
 
 Rainfall test equipment of simulated acid rain 
used during germination and growth of crops is 
shown in Fig.1. Panel.1 of Fig.1 shows a thin 
plastic vessel (base area: 47.8 cm2 10 heights cm) 
with 30 empty holes measuring about 1 mm 
diameter. Such containers were sown with 1 to 
10g of seed. These crops were grown under 20°C 
room temperature, 12000Lx optical intensity and 
about 70% humidity and were sprinkled with 
simulated acid rain from many holes measuring 
about 1 mm in diameter as shown in Panel 4 of 
Fig.1. One cup of water was sprinkled on the 
crops 4 times at a rainfall speed 140ml /10sec for 

1 day. For decomposition of the crop before the 
measurement, 1g of leaf, stem or root was 
respective placed in a glass container, and then 
decomposed by inorganic acids. The resultant 
plant material was then dissolved in 100ml 
(10mg/ml) of the pure water. Ions in these sample 
solution were measured by ICP-AES, after being 
diluted with pure water 10~100 times.  

 

 
3. Result and Discussion 
 
3.1  Amount of rainfall used for the 
experiment. 
 
 The quantity of natural rain over 1 year 
averages 1800 liters/m2, namely 1800mm annual. 
This becomes about 15 mm/day, assuming that 
rainfall occurs on 1/3 of days (120th) over the 
year. This experiment used a move severe rain 
level than natural, as described in 2.2, because 
the test amount was 117mm of rainfall. However, 
rainfall of this degree was required using this 
experimental equipment to prevent the crops 
from becoming withered 
 
3.2 The effect of the simulated acid rain on 
multi-element content in each part of the crop 
plant grown for 1 week. 

3.2.1 The effect of simulated acid rain on the 
germination and growth of crop 
 
 The pH of rain differs regionally around the 
world, and the pH of uncontaminated rain is 5.6. 
Average pH of recent rain water was 4.7 and in 
places that are more contaminate the rainfall 
maybe pH 4~3.5. Therefore, the effect on 
germination and growth crop of this simulated 
acid rain was investigated within a range of pH 
pH 5.6~3.5. The degree of effect on crop growth 
was represented as a ratio to the sum total of the 
size of stem and leaf grown at pH 5.6 simulated 
rain as the standard. Naturally, the standard size 
differs with the crop. The standard size for 
Kaiware daikon was 8~11cm. For Alfalfa and 
Tohmyo, standard sizes were 4~5.5 and 7~9 cm 



respectively. As a result, there was relatively little 
the change at pH 4.7. However, there was about 
10~25% decrease at pH 4.0 and a sharp decrease 
of 30~50% at pH 3.5. 
 
3.2.2  The effect of the pH of simulated acid 
rain water on elemental concentrations in each 
part of the crop. 
 
 At a pH range of 5.6~3.5, elemental 
concentrations in each part of the crop plants was 
examined. Mg, Ca, K and P were chosen as 
macro-component essential elements of the plant 
and Fe, Zn were chosen as micro-component 
essential elements15. Results of analyses for these 
6 elements in each part of 3 kinds of crops grown 
for one week are shown in Table1~6. Behavior of 
each macro and micro-component element in 
grown crop is described below. 
 
1) Macro-component element Mg, Ca, K and P 
 
 To begin with, the result for Mg is shown in 
Table 1. It was shown that the Mg concentration 
in the leaf of each crop was relatively higher than 
those in the stem and root, when pH of the 
simulated acid rain was 5.6. This was especially, 
remarkable in Kaiware Daikon. However, these 
differences in Mg concentration could not be 
seen in Ca, as shown in Table 2. This difference 
is greatly concerned with photosynthesis. Next, 
Mg and Ca concentrations decreased to about 
30~60% in each part of the plant, when pH was 
lowered to 4.7. However, Mg and Ca 
concentrations did not demonstrate further large 
changes, when pH was lowered to 3.5. Though 

the reason is not clear, it is thought to be due to 
the increased hydrogen ion concentration in 
simulated acid rain, which generated damage to 
the crop cells, and causing abnormalities in the 
behavior of these ions. 
 The result for K is shown in Table 3. In all 
crops, there was no change in the concentration 
of K in each part of the plant, and there was no 
apparent effect at pH 5.6~3.5. Especially, 
Tohmyo showed remarkable K levels in these 
crops. The K concentration in the seed is known 
to be very high. It is considered therefore, that it 
is not influenced by the hydrogen ion 
concentration within the range tested. Next, the 
result for P which showed the highest 
concentration of the 6 elements in the seed is 
shown in Table 4. P was compared between the 
stem and root because the concentration in the 
leaf was slight, At pH 4.7, there was marked 
elution generated in the stem and root. However, 
there was not a large change in P, when pH was 



below 4.0.  
 
2) Micro component element Fe and Zn 
 
 The results for Fe and Zn, which are 
micro-elements, are respectively shown in Table 
5 and Table 6. Fe concentration in the seed is 
very low.  However, Fe in each part of plants 
grown at pH 5.6 showed a several-fold higher 
concentration compared with that in the seed. It 
was shown that Fe was very easily absorbed to 
the crop, though many elements examined here 
were released from each part place. However, Fe 
concentrations in each part rapidly decreased, 
when pH of the simulated rain water decreased 
below 4.7. Especially, in Tohmyo, when the pH 
was 3.5, Fe was only slightly detected, and the 
effect of acid rain on Fe was noticeable. In the 
case of Zn, there was a similar low concentration 
in the seed of each crop, equivalent to that of Fe. 

However, Zn was completely undetectable in 
from each part of the crop, when the pH was 4.7 
or less. Therefore, it became clear that Zn was 
very easily affected by acid rain. 

 
4. Conclusion 
 
 Simulated acid rain water in this experiment 
contained quantities of inorganic components 
similar to these in natural rain water, and the pH 
range changed from 5.6 to 3.5. Using the simple 
equipment shown in Fig.1, the experimental 
crops were sprinkled with simulated acid rain at 
these pH levels, at several times the natural 
amount of rainfall on crops at this growth stage 
in order to prevent plant death due to water 

shortage. Therefore, the result is understood to 
represent the effect of natural acid rain. However, 
it is expected that the pH of acid rain will 
decrease below pH 4.7 in the future3. And, an 
increased amount of rainfall based on global 
warming is also estimated. Therefore, the data 
obtained here is expected to be useful in 
expanding our knowledge of environmental 
science. 
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