THE IMPACT OF ACID RAINS ON DECORATIVE CONIFERS

Abstract 



In spring 1999, 2000, 2001, and 2003, we investigated the impact of acid rains on conifers in our gardens. An assessment of treetop condition with regard to a fully-grown, developed and healthy tree was made. A list of 526 conifer trees was made and they were plotted in a map of our town of Matulji.  We took photos of some of them in order to further monitor their growth and development.


In our school laboratory we examined the impact of acid water to sprouting and growing of the plants. The purpose of this paper is to make our pupils aware of the need to preserve the human environment, which we have succeeded by organizing the collection of waste paper. More than 200 tons of waste paper was collected and thus we saved a small forest and a large quantity of water and electricity.

Hypothesis


We started noticing the signs of deterioration and the damaged condition of trees we learned about at our Nature classes, on the conifer trees in our town.

We wanted to investigate if those specific signs are the consequence of the acid rains.

We went through a huge bibliography and learned almost all about the acid rains and their harmful impact on the natural world.

The SO2 is generated by combustion of fossil fuels and the nitrogen oxides are discharged from the power stations and cars. They are carried by wind to long distances. Their heavier particulates fall on the ground and the lighter ones get to higher layers of the atmosphere where they react with the water drops in clouds and fall down with rain sometimes far away from their original source of pollution because of the wind streams. The reaction of the pollutant and the water drops results in highly diluted sulphuric and nitric acid. They are so-called acid rains but also acid snow, clouds and fog. The rain acidity depends on the concentration of the gases mentioned.

The most affected are trees because they absorb acid water from the soil. However, acid precipitation affects the watercourses and lakes in which the insect larvae are killed. The investigations carried out in Croatia at the end of 80s (the scientists at the Forest Faculty of the University of Zagreb, Dr. Branimir Prić and Dr. Zvonimir Seletković) showed that in Croatia there are 74% of healthy trees, 18% of trees with low level of damage, 8% of medium- and strongly affected trees. The fir tree is the most affected tree (72%). It is followed by sweet chestnut (44%), then common oak tree (38%), field ash tree (35%), sessile oak (28%), and common beech tree (29%). The conifers in Croatia have been affected more than 55% and deciduous trees slightly less than 23%.

Research Methods


We started the research by reading and learning from the bibliography the characteristic signs of plant deterioration caused by acid rains:

1. Thin treetop.  Leaves start shedding from the bottom up or from the inside out. Branches  

    and trunks are easily seen through the top.

2. Yellowed assimilation parts. The needles start shedding prematurely and the leaves of 

    deciduous trees start shedding already in August.

3. The shape of treetop is changed; the edge is not compact but interrupted and full of voids.

4. There are more and more dry and unnatural shapes of branches.

On the basis of the characteristic signs of deterioration, the treetop condition is assessed and used as an indicator of the tree damage. The quantity of leaves and a degree of the treetop yellowness is grouped as follows:

	0  (no signs of leaves shedding)           

1  (low level of leaves shedding)                     

2  (moderate leaves shedding)               

3  (high level of leaves shedding)                       

4  (dry leaves) 
	0 -10 %

11% - 25%

26% - 60%

61% - 99%

100%


We started our research in spring 1999 and went on to the spring 2003.


First we inspected the broader centre of Matulji and made an assessment of the treetop condition in comparison with fully developed, grown and healthy tree and we plotted them by adequate signs and colours on the Matulji map. 


We also performed laboratory tests of the acid water impact on the sprouts and growing of plants.


In December 2000, we started the identification of the rain pH factor within the GLOBE program. We found the data on the Internet collected by other schools in Croatia and Europe performing the same kind of measurements.


Finally we wanted to make a practical contribution to the healthy environment. In our school we organized a number of campaigns for collection of waste paper because we know that a large quantity of fossil fuels is used for paper production (for electricity generation) the consequence of which is discharge of large quantities of CO2 into the atmosphere.

Data Overview

The assessment of the treetop condition based on five levels and used by the experts was too difficult for us so we decided to use a 3-level system and adequate colours.

Green   = healthy plant

Yellow  = plant showing the signs of deterioration

Brown  = sick plant
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We identified the plants roughly by their groups and symbols, which we plotted on the Matulji map:

This is really a rather general classification because many conifer trees in our gardens are decorative trees and it was difficult to identify them. We made a list of altogether 526 conifer trees that we subject to the assessment. The most interesting once have been photographed and specially marked to be able to monitor them also in future.

The data obtained have been processed and the results given in Table 1 and the graph on Figure 1.

Table 1. An assessment of treetop condition of the conifers investigated in the area of Matulji

	
	Healthy Plant
	Signs of Deterioration
	Sick Plant
	

	
	No.
	%
	No.
	%
	No.
	%
	Total

	Pine
	48
	60.76
	29
	36.71
	2
	2.53
	79

	Juniper
	113
	61.08
	61
	32.97
	11
	5.95
	185

	Cypress
	69
	46.94
	63
	42.86
	15
	10.2
	147

	Cedar
	87
	75.65
	27
	23.48
	1
	0.87
	115

	Total
	317
	60.27
	180
	34.22
	29
	5.51
	526
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Figure 1   A graphical presentation of the assessment of the treetop condition 


In order to prove whether our precipitations are acid or not, at the end of 2000 we started the measurement of pH factor of precipitations. The measurements were performed by pH-pen and the rain meter was every day rinsed with distilled water.  On the Internet we found the data on some other schools in Croatia (Table 1) and in Europe (Switzerland, Italy, Poland, and Austria), which conducted the same measurements. When we compared our and their data it was quite clear to us that most of the precipitations over Europe were acid (pH factor below 5.6) and some some have the pH factor of even 4. 

Table 2. Rain pH value (GLOBE program)

	Date
	1
	2
	3
	4

	Dec 16
	6.92
	
	
	

	Dec 27
	5.86
	
	
	

	Jan 3
	6.11
	
	
	

	Jan 5
	6.26
	
	
	

	Jan 8
	5.82
	
	
	

	Jan 10
	5. 48
	
	
	

	Jan 12
	5.13
	
	
	

	Jan 24
	5.08
	
	
	

	Jan 25
	5.18
	
	
	

	Jan 26
	6.99
	
	
	

	Jan 29
	5.18
	
	
	

	Feb 5
	5.28
	
	
	

	March 3
	6.79
	
	
	

	March 5
	6.65
	
	
	

	March 6
	6.39
	
	
	

	March 8
	
	
	
	6.0

	March 9
	6.27
	
	
	6.0

	March 13
	6.25
	
	
	6.0

	March 14
	5.86
	
	
	

	March 16
	
	
	
	5.5

	March 17
	
	
	
	6.0

	March 18
	6.64
	
	
	6.0

	March 19
	
	
	
	6.0

	March 20
	
	5.5
	
	6.0

	March 23
	5.81
	5.5
	
	6.0

	Apr 1
	
	
	6.0
	

	Apr 2
	
	
	6.0
	

	Apr 7 
	6.05
	
	
	

	Apr 8
	
	
	6.0
	

	Apr 9
	
	
	6.0
	

	Apr 10
	
	
	6.0
	

	Apr 12
	
	
	6.0
	

	Apr 13
	
	
	6.0
	

	Apr 18
	
	
	4.0
	

	Apr 21
	
	
	5.0
	

	Apr 26
	
	
	5.0
	

	May 5
	6.63
	
	
	

	
	
	
	
	

	1. Elementary School of "Dr. Andrija Mohorovičić» Matulji

       2.    Elementary School in Popovača

       3.    Medical School in Varaždin
       4.    Secondary School of "Mate Blažina" in 

              Labin


We conducted lab tests to see what the impact of acid water on sprouting and growing of plants was. We daily recorded the data and took photos of the plants.

Finally, we wanted to make a practical contribution to the healthy environment and we organized the activities to reduce the pollution caused by acid rains. The best way is to reduce the use of the electricity and with this also the use of fossil fuels for its generation. When we converted the waste paper collected by our school it was adequate to the quantity of trees, water and electricity saved and showed below and the cubic meters of air saved from pollution. The results were really impressive:

[image: image4.jpg]


We wanted to share the information we collected studying this issue with our friends and we organized lessons about acid rains and their harmful impact to the natural world to the pupils from lower classes.

Data Analysis
The following conclusions have been made by reading the bibliography and by practical work:

1. Many of our conifer trees are actually the "patients" that spoil the environment appearance instead of being a decoration in our gardens.

2. The reasons for their deterioration could be of biotic (pests or illness) or abiotic (mechanical damage, frost, dry seasons but also chemical changes in soil) origin.

3. Tree illness and drying occurs today as a consequence of frequent climate excesses.

Noticeable signs on the treetop and trunk:

1. Smaller pins in comparison to the normal size

2. Change in pin colour (yellow, brown)

3. Premature pin shedding

4. Drying of young branches

5. Necrotic changes in the treetop

The condition of the conifers subject to the examination in our gardens is not all that disturbing because the people remove the sick trees or their parts that spoil the look of their gardens and the environment.
Working in our school laboratory we proved the following:
1. By exposing the bean seeds to different acid-level solutions, we proved that the acidity decreases and slows down the seed germination.

2. Watering the plants by different acid-level solutions, we proved that the plants watered with a higher-acidity solution grew slower and hardly made any progress when the acid concentrations were high. Finally, the plants died i.e. decomposed

[image: image5.png]#Oor0




Conclusions

It is likely, that the changes noticed on the conifers in our surrounding are the consequence of the acid rain impact. They change the soil composition and thus reduce the plant living energy, which are then weak and easily attacked by pests or climate changes (e.g. aridity). Dry and damaged plants are removed from the gardens and replaced with the new ones.

Discussion

With this research we tried to show that the impact of acid rains on our conifers is not negligible. The research should be expanded also to other kinds of trees over a longer time period. Similarly, the rain pH factor should be regularly measured.

By acting on our pupil's environmental awareness, we develop their positive attitudes towards the nature because only the life that is consistent with the nature and natural laws could result in progress.
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- 1,700 trees


- 400,000 m3 water


- 4,000,000,000 kWh of electricity
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