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Introduction:

Cold conditions cause damages in plants either directly by changing the cell structure and slowing down of biochemical operations or indirectly by their effects on the ground and the air (humidity, 02-content, nutrients) and the interactions with other organisms. Plants can and have to adapt to these conditions, if they want to survive. Tolerance to cold and frost can be achieved by temporary or permanent adaptation of the cells in order to avoid damaging changing of the membrane, dehydration and ice-formation. 
One possibility of adaptation is frost hardening, which is very important for survival over the cold season. The hardened tissues of a plant have an increased concentration of intracellular solutes like sugar. Hardening starts as a response to the declining day length and temperature and water is removed from the cells by increasing the membrane permeability. Thus the osmotic value is increased, which lowers the freezing point (Marchand, 1996). These adaptations to the cold lead to some disadvantages, too. The more hardened a plant is, the slower it grows. Additionally it needs a lot of energy to gain the frost tolerance. The rate of advantages and disadvantages defines the best extent of frost tolerance. The index of injury is a tool to measure the level of frost damage. The more hardened a plant is, the lower is the index of injury.
Roots, stems, leaves and buds are hardy to different temperatures. Many perennials die to the ground in winter and only their roots survive. The following spring they produce new shoots. 
Material and Methods:
In order to be able to get some significant results we had to use hardened, dehardened and unfrozen samples. The unfrozen samples were the control samples. The hardened samples were collected the same day, the dehardened samples had been collected a few weeks before and been kept under greenhouse conditions. The collected material was lingonberry leaves (Vaccinium vitis idaea) and blueberry stems (Vaccinium myrtillus).
The samples were prepared by cutting the twigs which were smaller than 3mm in diameter, removing the buds and cutting the twigs in 1cm segments. Six to seven segments of one sample were put in 1 test tube and 5ml of 3% propanol in distilled water were added. The test tubes were put in a rack and evacuated in an exiccator for 15 minutes before shaking for 24 hours at room temperature.
To measure the electroconductivity, which rises with increasing concentrations of solutes, all samples except the control samples were put into -20°C for four hours. The cells became damaged due to the rapid freezing and the solutes leaked out of the cell. After transferring the leachate to the measuring beaker, the volume of each sample was adjusted to 10ml by distilled water and the electroconductivity (ECfr = electroconductivity of frozen samples) was measured with an electrode against a standard. Then the samples were heated for 15 minutes up to 100°C followed by shaking for 20 minutes. After cooling down to room temperature ECtot (= electroconductivity total) was measured. 
For the statistic analysis we used Excel and SPSS.
Results:

With the help of ECfr and ECtot it was possible to calculate RCfr (= relative electroconductivity frozen), RCcont (= relative electroconductivity control) and Ii (= index of injury).
RCfr = ECfr / ECtot x 100

RCcont = ECcont / ECtot x 100

Ii = (RCfr - RCcont) / (1 – RCcont / 100)
´

The results are listed in table 1. Comparing the RCfr-values of the different samples you can see that the values of the hardened Lingonberry leaves are smaller than the values of the dehardened Lingonberry leaves. It’s the same with hardened and dehardened Blueberry stems. The dehardened Blueberry stems have higher values. These results can be better seen in table 2, which describes the RCfr-value statistically. The sample A2 wasn’t used because parts of the sample got lost during the measurements.
Table 3 shows that there is a significant difference (p=0.032) in the RCfr between the different groups. To find out between which groups the differences are 2 post-hoc tests were made, Tukey HSD and LSD. The results are shown in table 4. LSD shows the better results: There are significant differences between the hardened Lingonberry leaves and the dehardened Blueberry stems (p=0.009) and between the hardened and the dehardened Blueberry stems (p=0.014).

	 
	Sample
	ECfr
	ECtot
	RCfr
	RCcont(mean)
	Ii

	Lingonberry leaves hardened
	A1
	84,2
	120,7
	0,6976
	0,3323
	0,5471

	 
	A2
	67,8
	32,8
	2,0671
	0,3323
	2,5982

	 
	A3
	87,2
	123
	0,7089
	0,3323
	0,5641

	 
	A4
	85
	125,8
	0,6757
	0,3323
	0,5142

	Lingonberry leaves dehardened
	B1
	200
	216
	0,9259
	0,8919
	0,3150

	 
	B2
	235
	249
	0,9438
	0,8919
	0,4801

	 
	B3
	83,1
	112,5
	0,7387
	0,8919
	-1,4167

	 
	B4
	88,7
	157,1
	0,5646
	0,8919
	-3,0262

	Blueberry stems hardened
	C1
	57
	82,4
	0,6917
	0,6243
	0,1796

	 
	C2
	64
	86,1
	0,7433
	0,6243
	0,3168

	 
	C3
	83,5
	111
	0,7523
	0,6243
	0,3406

	 
	C4
	68,2
	95
	0,7179
	0,6243
	0,2492

	Blueberry stems dehardened
	D1
	264
	276
	0,9565
	0,9308
	0,3716

	 
	D2
	388
	412
	0,9417
	0,9308
	0,1581

	 
	D3
	94,2
	108,8
	0,8658
	0,9308
	-0,9394

	 
	D4
	105,7
	111,9
	0,9446
	0,9308
	0,1992

	Control
	A5
	55
	160
	0,3438
	 
	 

	 
	A6
	43
	134
	0,3209
	 
	 

	 
	B5
	190
	211
	0,9005
	 
	 

	 
	B6
	174
	197
	0,8832
	 
	 

	 
	C5
	92
	128
	0,7188
	 
	 

	 
	C6
	80
	151
	0,5298
	 
	 

	 
	D5
	159
	174
	0,9138
	 
	 

	 
	D6
	218
	230
	0,9478
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Discussion:

Because of the fact that the control samples were cut and therefore the cells were damaged and leaked out we weren’t able to use the Index of Injury. The cell material of the destroyed cells changed the results of the electroconductivity measurements. So we had to use the relative electroconductivity of the frozen samples (RCfr) instead.
The RCfr values are bigger in dehardened than in hardened Lingonberry leaves and that they are also bigger in dehardened than in hardened Blueberry stems, which means that the hardened samples were less damaged than the dehardened samples. That is because of the fact that the dehardened samples have been in the greenhouse, lost their hardiness and have not been prepared for the cold.

The huge mean RCfr value with 95% confidence interval of the dehardened Lingonberry leaves can be explained by the fact that some leaves have still been hardened at the date of the measurements.

The results of the last year have been pretty much the same with one exception: The mean value of RCfr of the dehardened Blueberry stems of the last year was much smaller (RCfr mean = 0.77) than the value of this year (RCfr mean = 0.92). Probably it’s because of different periods of time in the greenhouse, which means that the samples of the last year must have been much shorter in the greenhouse than the samples of this year and that*s why they were able to cope much better with the cold.
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Table 1: Electroconductivity and Index of Injury of Lingonberry leaves and Blueberry stems; ECfr = electroconductivity of frozen material; ECtot = total electroconductivity; RCfr = relative electroconductivity of frozen material; RCcont = relative electroconductivity of the control material; Ii = Index of Injury





Table 2: Statistical description of the results of the RCfr (relative electroconductivity of the frozen material).





Table 3: One-Way ANOVA results of Relative Electroconductivity of the frozen material.










































































































































































Table 4: Results of the post-hoc tests Tukey HSD and LSD





Fig. 1: mean RCfr-values with 95% confidence interval
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