Laboratory works on discipline
"Physiological basis of plants productivity "

Subject: Setting up experiments with aquatic cultures for Growing plants

Lab. Work 1 -2. Preparation of nutrient medium with different composition for growing plants . Effect of  excluding  different macroelements (nitrogen, potassium and  phosphorus during growht period.
 Purpose: To observe the effect of effect of  excluding  different macroelements from nutrient medium (nitrogen, potassium and  phosphorus) during growht period and to determine physiological parameters of plants.
.
Assignments:
1. Calculate the weight the various  salts according to Table 1 (Composition Nutrient medium Knopp) on 50 ml of solution and weight the corresponding amount (g/50 ml). The results are recorded in the table.

2. Prepare the solutions of salts according to Table 1.
3. Rinse plant seeds thoroughly with water2 times, put them in petri dishes with moistened filter paper for germination and use in subsequent experiments.

4. 7-days seedlins transfer in nutrient medium Knopp with different composition (Table ) 
Guidelines: Growing plants in nutrient medium Knopp of mineral salts dissolved in water is called aquaculture. 

Table 1. Composition Nutrient medium Knopp

	Salt 
	The amount of salt, g per 1 liter of the mixture

	
	Full Nutrient medium 

(1 variant)  
	Nutrient medium  excluding nitrogen

(2 variant)  
	Nutrient medium with exception

potassium

(3 variant)  
	Nutrient medium with exception

phosphorus

(4 variant)  

	Ca (NO3)


	1,00


	
	1,00


	1,0



	CaSO4


	- 
	1,03


	-
	-

	KH2PO4


	0,25


	0,25


	-


	-



	KCl


	0,125


	0,125


	-


	0,255

	MgSO4


	0,25


	0,25


	0,25


	0,25



	FeCl3


	5 drops  1% solution


	NaH2PO4


	-


	-


	0,25


	

	NaCl


	-


	-


	0,09


	-




For most crops, the pH is set to 5.5 - 6.5. Acidification or alkalization of the nutrient solution with a change in its reaction is carried out using a weak solution of sodium hydroxide (NaOH) or hydrochloric acid (HC1).   For planting in vessels, stems of the same length, the number and length of the roots and leaves of the plant are selected. Selected plants are wrapped in cotton wool and fixed in the holes in the lid of the vessel. 5-7 plants are planted in each vessel. Repetition in experiments with aquatic cultures should be at least 3-4 times.

Lab. Work 3. Determination  of physiological parameters of plants related to water  exchange in 7-days seedlins grown under various composition of Knopp Nutrient medium. Compare the content of water and dry matter in the leaves 
Purpose: To compare the content of water and dry matter in the leaves of plants grown on the Knop medium of different composition (Table 1.). Determination of the water content and dry matter in plant material.

The degree of water content in plants is one of the essential indicators of their water regime. The concentration of cell sap, the water potential of individual plant organs, and its relation to soil and atmospheric drought are related to water content. Determining the water content in leaves makes it possible to find out the ecological and physiological characteristics of plants, to reveal the mechanisms of their adaptation to environmental conditions. 

The moisture content of plant tissues is calculated as a percentage of their dry or wet weight. The leaves of most plants, depending on weather conditions and stages of ontogenesis, contain 65-82% of water from the wet weight. Plants of different drought resistance differ in features of their water exchange. In drought-resistant forms, the moisture content in plants, as a rule, is higher.

Objects: leaves of plants grown on Knop medium of different composition.

Assignments:  The amount of water and dry matter in the leaves is determined by the weight method.

For the experiment, normally developed, green leaves are taken. Each determination is carried out in 3-fold repetition with a weight of raw leaves of at least 0.5 g. To determine which leaves will belong to the lower and upper tiers.

First determine the mass of raw plant material. Then the plant material is placed for 5 hours in an oven heated to 105°C and dried to an air-dry state.

Then weighed. By subtracting the weight of the dried material from the weight of the fresh  plant material, the amount of water in the sample taken is obtained.

The water content is calculated as a percentage of the freah and dry mass of the material, and a conclusion is made about the dependence of the water content in the leaves on their location on the plant and on the variant of the experiment.

The amount of water content (WC) as p%  of fresh  sample weights are determined by the formula:

WC = (FW - DW) / FW) x 100,

where:  FW  is the fresh weight of the leaf sample (g); DW  – weightof dry sample (g).

  The results of the experiment are recorded in the form of table 2

Table 2. - The content of water and dry matter in the leaves of plants

	Variant of Knopp medium 
	Repetition
	Weight of leaves, g
	Weight, g
	Content, %

	
	
	Freah (initial)
	 Dry  matter 
	Water 
	dry matter
	water
	dry matter

	
	
	
	
	
	
	
	


Lab. Work  4-5. Determination  of physiological parameters of plants related to water  exchange in 7-days seedlins grown under various composition of Knopp Nutrient medium. 

Purpose: Determination of relative turgidity and water deficit . to compare the indicators of the tension of the water regime in leaves of plants grown under various composition of Knopp Nutrient medium.

Theoritical explanation. The lack of moisture in the soil disrupts the water exchange in plants. A decrease in tissue hydration changes the state of cell biocolloids, which leads to damage to the fine structure of the protoplast, significant shifts in the state and activity of all enzyme systems and, as a consequence, to plant metabolic disorders. A decrease in the water content in a plant causes a sharp drop in the intensity of photosynthesis; the intensity of respiration increases, while the conjugation of oxidation and phosphorylation is disturbed, as a result of which the energy efficiency of respiration is greatly reduced.

Plants use water deficit and deficit of tissue relative turgidity as indicators of water regime intensity. In both cases, the water content in the plant tissue is compared with the amount  in the same tissue in a state of full turgor.

To completely saturate the cells with moisture, the leaves are kept in water or humidified atmosphere. The total water content is determined by drying leaves at 100 - 105°C.

Under the water deficit understand the missing to full saturation cells, the amount of water, expressed as a percentage of its total content at full saturation of the tissue.

This indicator correlates well with the water availability of plants and can be used to characterize the  plants water exchange.
Materials and equipment: electronic scales, scissors, plants materials,  Petri dishes,  d. water.

Objects: leaves of plants grown in various composition of nutrient medium Knopp.

Assignments:
1. Plant leaves are taken and immediately weighed. 
2.  Then leaves are placed on the water surface in closed Petri dishes and left to saturate the tissue with water for 1.5- 2 hours.

3. Turgescent leaves are dried on the outside with filter paper and weighed.
4.  For control, the leaves are again placed in water and weighed after 30 min. If the weight of the tissue does not change, then it is completely saturated with water.
5.  After that, the mass of absolutely dry tissue is determined (work 4.9). On the basis of the obtained data, indicators of the water supply of plants are calculated.

Water deficit = mass of water saturating the organ - mass of water available in organ  X 100%

·                                      mass of water saturating the organ

Relative turgidity is a value showing what percentage of the available amount of water is from its content, which provides full turgor.

Relative turgidity =   fresh  weight of organ  - dry weight of organ                   X 100%
                               Weight of turgescent of organ   - dry weight of organ  
The value showing how much water is necessary for the leaves of plants to reach the turgid state is called the deficit of relative turgidity.

  wet weight - dry weight of organ  
Deficiency of relative turgidity  =100 – fresh  weight of organ  - dry weight of             X 100%
                                                            weight of turgidity organ  - dry weight of organ  
Lab. Work  6.  Determination  of physiological parameters of plants related to water  exchange in 7-days seedlins grown under various composition of Knopp Nutrient medium. Determination of water-holding capacity of plants by the "withering" method (according to Arland)

Theoretical explanation. In the regulation of water exchange in plants, a significant role is played by water-retaining forces, mainly due to the content of osmotically active substances in the cells and the ability of colloids to swell. The water-retaining capacity of cells depends on the growing conditions of plants.Growth nutritional conditions have a great influence. Under optimal conditions, the water-retaining capacity increases, water loss in 30 min is only 4–6% of the initial value. 
The determination of water-holding capacity according to Arland is based on taking into account the loss of water by wilting plants. 
Purpose:: to compare the water-retaining capacity of plants leaves grown in different nutritional conditions. 
Materials and equipment: technical scales, scissors, paraffin wax. 
Objects: plants leaves grown in different nutritional conditions. 

Assignments: 1. The plants leaves  are carefully separated from the stems. Then the base of the leaf is covered with paraffin to exclude its participation in the evaporation of water. To do this, the base of the sheet is immersed in molten paraffin with a temperature not exceeding 50°C. The leaves are weighed on a balance, carefully placed on dried filter paper and re-weighed after 20 min, 40 min, 60 min. Leaves weight loss indicates the absolute amount of water lost by the test plants in 20 minute intervals.
Using the data obtained, calculate the amount of evaporated water as a percentage of the evaporated mass for successive 20-minute intervals.

2. Prepare germinating seeds of peas or beans for the next lab. work (7)  
Table 3.
	Variant 
	Fresh  weight of organ, g 
	Масса испарившейся Н2О, г
	Потеря Н2О, % к исходной массе

	
	Initial 
	After 20 min
	After 40 min
	After 60 min
	After 20 min
	After 40 min
	After 60 min
	After 20 min
	After 40 min
	After 60 min

	
	
	
	
	
	
	
	
	
	
	


The loss of water (WL) by leaves as a percentage was determined through 20; 40; 60 min  by weighing the leaves on electronic scales, after which they the indicator was calculated according to the formula:

WL = (В / А) x 100,

Where : А – initial fresh weight of organ (g); В – weight of organ after the corresponding time of welting (g).
Lab. Work  7-8.  Determination  of physiological parameters of plants related to respiration.  Determination  of   dehydrogenases in plants recovery of methylene blue
Theoretical explanation. Redox reactions of respiration are carried out with

the participation of a large set of enzymes, which are divided into three groups:

dehydrogenases (activate hydrogen), oxidases (activate oxygen) and enzymes are intermediate carriers of hydrogen (electron).

Dehydrogenases catalyze oxidation - the removal of hydrogen from wide range of substrates including respiratory substrate and its transfer to intermediate or final hydrogen acceptors. Dehydrogenase transports protons from oxidizable substrate to methylene blue, resulting in its bleaching. Coenzyme part of dehydrogenase is either pyridine nucleotides (NAD or NADP) or flavin nucleotides (FMN, FAD). Accordingly, different pyridine and flavin dehydrogenase are known.  Pyridine dehydrogenase enzymes are anaerobic, they are not able to transfer of reducing equivalents to oxygen. The redox potential of these dehydrogenases is - 0.32 V.
         The examples of NAD-dependent dehydrogenases lactate dehydrogenase, malate dehydrogenase, isocitrate dehydrogenase, the NADP-dependent glucose-6-phosphate dehydrogenase, 6-phosphogluconate dehydrogenase are included.

In the process of respiration as a by-product of the oxidation of substances hydrogen peroxide (H2O2) is formed, which in high concentrations have  toxic effect on the cell cytoplasm. Peroxide neutralization occurs by the enzyme catalase, which decomposes it into water and into molecular oxygen according to the equation:

                                 H2O2                                 H2O +  O2
Flavin dehydrogenase (FMN, FAD). may be anaerobic, and aerobic. Oxidation with aerobic flavin dehydrogenase leads to the formation of hydrogen peroxide (H2O2). These dehydrogenases may be called  oxidases because of their interaction with oxygen.

Flavin Dehydrogenase  have wide variety of oxidation-reduction potential, they often contain metals - copper, molybdenum, and iron.
The activity of the dehydrogenases can be  determined as  using methylene blue dye a hydrogen acceptor, which is recovered  becomes a colorless leykoform:

C-H2          +        M                                      C        +                      M-H2
Substrate  oxidized methylene             substrate           reduced  methyl  blue 

In contact with molecular oxygen leykoform methylene blue is spontaneously oxidized and regains color: 

M - H2 + 1/2O2 -> M + H2O. Therefore, this experiment should be conducted without access to air.
Purpose: Determiantion of dehydrogenases in germinating seeds of peas on the rate of recovery of methylene blue as a function of temperature 
Objective germinating seeds of peas or beans, (roots no longer than 0.5 cm).

 Reagents: a solution of methylene blue (50 mg/l), distilled water.

1. Seeds of peas + methylene blue at room temperature.
2. Seeds of peas + methylene blue at 35 ° C.
Guidelines.  
To peel 10-12 germinating seeds of peas  and split them into cotyledons. Half of the plant material placed in a flask with water and boil for 3 minutes to destroy enzymes.

 Number the 4 tubes, 1 and 3  tubes put boiled germinating seeds of peas,  2 and 4 tubes  - normal seeds. 

To pour 5 ml of methylene blue in all the tubes with plants  cotyledons. 

After 5-10 minutes, when the cotyledons heavily stained, pour the dye solution. 

Thoroughly rinse the plant material with water,

To fill  all  test tube to the brim with distilled water and close the caps. 

Put 1 and 2nd tubes in water bath at 35°C.

 3 and 4th left tubes  in room conditions.

The results are entered into the table. 1, 

Write conclusions. 
Table 4. Effect of temperature on the activity of the dehydrogenases 
	Objects of study 
	Experience (incubation temperature) 
	Intensity of the color of cotyledons 

	1. Peas cotyledons
	20 oC 
	

	
	35 oC
	


Lab. work 9. Determination of peroxidase in the juice of potatoes
Theoretical explanation. Peroxidase are enzymes that oxidize the substrate with hydrogen peroxide. The reaction is:
H2O2 + AH2 -> A2 H2O,

where A and AH2 - oxidized and reduced substrate, respectively.

Peroxidase substrates are phenols and aromatic compounds, organic hydroperoxide with small aliphatic substituents, NADH (NADPH), naphtohydokhinon, indoleacetic acid, etc. Peroxidase  are – Fe-containing  enzymes, prosthetic group is a gem – feriprotoporfirin IX.
Hydrogen peroxide is formed in the cell as a by-product of the catalytic activity of flavin dehydrogenases in the electron transport chain of respiration. Consequently, the activity of peroxidase disposal of toxic hydrogen peroxide to cells and indirectly associated with the work of the main respiratory ETC.
The peroxidase is also able to function as a typical oxidase catalyzes the oxidation of the substrate oxygen:
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Thus, peroxidase, on the one hand, can oxidize NAD-H2 by air oxygen, on the other - to transfer electrons derived from NAD-H2 to the various acceptors (eg, cytochrome c). In both cases, the peroxidase is a link of ETC respiration. Oxidation of substrates is by  the one-electron mechanism.

The first step of the catalytic process is the formation of a complex between the iron-enzyme and hydrogen peroxide. Therefore, substrate is oxidated  by hydrogen peroxide activated enzyme:

 Е-Н20 + 2Н202 -> Е-Н202 +Н20

                            Соединение 1

Е-Н2О + Н2О2 → Е - Соединение 2 + АН 

Соединение 2 + АН →Е - Н2О + А
Compound 1 - oxidized form of the enzyme, where the iron is bound to the peroxide and the valence state of Fe higher Fe3 +; 
compound 2 - product reduction of compound 7 by one-electron reduction by substrate AH2, AH2. -  substrate reaction, free radical AN-oxidized form of the substrate, and A-product of complete oxidation of the substrate.
 Peroxidase determination is based on the formation of colored products in the oxidation of benzidine, guaiacol, hydroquinone, catechol, and other phenols.
Purpose of work.  In this study as an indicator for the detection of peroxidase used hydrokhinone. Oxidation of polyphenols to quinones is the scheme:
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Purpose of work.  : to establish the presence of peroxidases in potato tubers, apples. 
Objects: potato tuber, apple. 
Reagents - solutions: 1% hydroquinone, 3% hydrogen peroxide. 
Equipment: knife, grater, gauze, funnel, conical cone for 50 ml tubes in racks, pipette 1 and 10 ml. 
Study design is shown in Table 5. 
Table 5. The effect of high temperature on the activity of the enzyme peroxidase 
	Variant


	The mixture in the test tube 
	color of the solution in a test tube 

	
	Potato juice (medium peroxidase) 
	Н2О2
	hydroquinone
	

	1


	+


	+


	+


	

	2


	-


	+


	+


	

	3
	+


	-


	+


	

	4
	+ (after boiling
	+
	+
	


Procedure of work. 

1. Grate some mash potato tuber or peeled apple squeeze out the juice through cheesecloth and collected in a flask. 
2 Prepare 4 tubes and add to them n 5 ml of a 1% solution of hydroquinone.

 In a test tube 1 ml of 3% hydrogen peroxide and 1 ml of potato juice are added, 

In  5th tube add 1 ml of 3% hydrogen peroxide solution,

In  3th  tube  add  1 ml of potato juice

Iin the 4th  tube - 1 ml of potato juice preliminary boiled for one minute and 1 ml of H2O2.
n the oxidation of hydroquinone to quinone is browning solution. Some browning of potato juice is observed without the addition of hydroquinone and hydrogen peroxide to it. This is due to the action of polyphenol oxidase, oxidized polyphenols potato tissue with molecular oxygen. Note the color in the test tube and explain the experimental results, which are recorded in Table 5.
3. Write conclusions based on the data in Table 5. 

Lab. work 10-11. Determination  of physiological parameters of plants related to photosynthesis.  Determination  of  photochemical activity of chloroplasts,  the Hill reaction. 
Theoretical explanation. The Hill reaction, or chloroplast reaction, was discovered in 1937 by the biochemist Robert Hill of the University of Cambridge. The reaction is a light-dependent transfer of electrons from water to Hill's reagent (an artificial oxidizing agent) against a chemical potential gradient. In laboratory practice, this reaction uses to determine the photochemical activity of chloroplasts due to the photooxidation of water. The Hill reaction forms the oxygen and the synthesis of sugars from carbon dioxide are two different, independent processes. The data, obtained by Hill, formed the basis of the modern understanding of photosynthesis.

In a simplified form, the Hill reaction is described by the following equation:
2H2O + 2A + (chloroplasts) → 2AH2 + O2, 
where A is an electron acceptor.

Purpose: Determination  of  photochemical activity of chloroplasts. 

Materials and equipment

Plants leaves of 7-days seedlins grown under various composition of Knopp Nutrient medium. Scissors,  Pre-chilled mortar and pestle, Gauze or nylon, Filter funnel

Centrifuge and centrifuge tubes,  Water bath with ice and salt, glass rod

Prepare the following solutions:

1. 0.05 M phosphate buffer, pH 7.0

Na2HPO4 12H2O 4.48 g (0.025 M)

KH2PO4 1.70 g (0.025 M)

2. Medium for chloroplasts isolation (Sucrose 34.23 g (0.4 M), Kl 0.19 g (0.01 M) for 250 ml. Calculate for the 50 ml volume. 
Dissolve these components in 0.05 M phosphate buffer at RT and make up to 50 ml with buffer. Keep the medium in a refrigerator at 0-4°C.

As an electron acceptor the following substances can be used.

2,6-dichlorophenolindophenol (DCPIP), potassium ferricyanide (K3Fe(CN)6), NADP

 ДХФИФ 2,6-дихлорфенолиндофенол, феррицианид калия (КFe(CN) 6),

3. (DCPIP) solution (reaction medium for photochemical activity of chloroplasts).
DCPIP solution (reaction medium)

DHFIF 0.007-0.01 g (~ 10-4 M)

Kl 0.93 g (0.05 M)

Dissolve in phosphate buffer at room temperature and make up to 250 ml. Store in refrigerator at 0-4°C. Use at RT. 
Assignments:

1. Prepare medium for chloroplasts isolation (0.4 M sucrose solution with 0.01 M KC and 0.05 M phosphate buffer, pH 7.0).  

2. To isolate chloroplasts, take plant leaves. Leaves are poured with a cold medium with the right pH and suitable osmotic and ionic strength; 0.4 M sucrose solution with 0.01 M KC and 0.05 M phosphate buffer, pH 7.0. All solutions and necessary accessories must be pre-cooled and all work carried out in the cold and as quickly as possible. Therefore, first understand the methodology well, and then prepare all the equipment.

3. Grind three small leaves with scissors (do not take the middle veins and petioles).

4.  Quickly grind the leaves in a mortar (or homogenize them for about 10 s) with 20 ml of chilled isolation medium (if necessary, proportionally reduce the volume of ground mass and medium).

5.  Put four layers of gauze or nylon on the funnel, moisten with cold isolation medium.

6.  Filter the homogenate through a funnel. Collect the filtrate in chilled centrifuge tubes placed in a water bath with ice and salt. Press it into test tubes.

7.  Make sure that the volume of filtrate in all tubes is the same.

8. centrifuge the filtrate for 1-2 min at 100-200 g (g is the acceleration of gravity). Centrifuge the supernatant again for 5 min at 1000-2000 g (this time is sufficient to obtain a small precipitate of chloroplasts).

9. Discard the supernatant. Pour approximately 2 ml of isolation medium into one of the tubes and resuspend the pellet with a glass rod. Pour the resulting suspension into the second tube and repeat the resuspension. (If several groups of students are working, then you can pour 2 ml of isolation medium into all tubes and give each group one tube.)

10.  Keep the resulting chloroplast suspension at low temperature (4oC)  and use it as soon as possible.

Determination of Hill  reaction. 

To determine the activity of chloroplasts in two test tubes pour 3 ml of chloroplast suspension and 1 ml 10 -4 M solution 2,6-dichlorophenolindophenol (DCPIP). 

11. Mix the solutions thoroughly. 
12. To determine the initial values of their optical density. For this purpose use 5 mm cuvettes. The determination is carried out with red filter. Use water as a control.
13.  Then one tube place in the dark (this tube will serve as a dark control).

14. Illuminate the second tube at room temperature for 30 min. The lamp placed at a distance of 20 cm from the test tube. 
15. Define optical density of experimental and control samples. When recovering

paint is discolored: in the light - due to the transfer of electrons

pigments, in the dark - a slight dark recovery without the participation

pigments. Make adjustments to correct for dark paint restoration.

The activity of the reaction is expressed by the magnitude of the change in the optical density (OD) when illuminating the solution for 1 h per 1 µg chlorophyll suspension. Enter the received data into a table Hill reaction.  
Lab. work 12-13. Determination of plant resistance to high temperatures, main  growth parameters. 
Theoretical explanation The principle of the method was proposed by F.F. Matskov and is based on the establishment threshold of damage to living cells from extreme temperatures. If the leaves are exposed to high temperatures and then immersed in a weak hydrochloric acid solution, then damaged and dead cells will turn brown due to the free penetration of acid into them, which will cause the transformation chlorophyll to pheophytin (brown), while undamaged cells remain green. In plants with acidic cell sap, pheophytinization can occur even without treatment with hydrochloric acid, because in case of violation tonoplast semipermeability, organic acids penetrate from the cell sap into the cytoplasm and displace magnesium from the chlorophyll molecule.

The purpose of the work: to establish the temperature threshold for damage to living

leaf cells of plants grown different variants of Knopp nutritial medium.

Equipment and materials: water bath, thermometer, tweezers, cups, Petri dishes (5 pcs.), glass of water, thin wire, marker, 10% HC1.

Objects: fresh plant leaves.

Guidelines.  
1. Water bath is heated to 40 ° C,  a bundle of 5 identical leaves of the studied plants. 

2. Keep the leaves in water for 30 minutes, maintaining the temperature at 40°C. Then the first sample (one leaf) of plant is taken and immersed in a Petri dish with cold water. After cooling the leafis transferred with tweezers to a cup with 10% HC1.

3. Raise the temperature in the water bath to 50°C and 10 minutes keep  2th leaf and then is removed, repeating the operation and transferring cooled in water leaf into a new Petri dish with HC1 like in the previous step. 

4. Gradually raise the temperature up to 80°C, taking samples every 10 minutes at a temperature increase of 10°C.

5. 20 minutes after the leaf  was immersed in HC, the degree of damage was considered by the number of brown spots: with no browning "-", slight browning "+", browning over 50% of the leaf area "++", and solid browning "+++".

6. The results are recorded in Table 7.
7. Make the conclusions.

8.  Prepare the plants for the next  lab. work soaking seeds on wet filter paper on Petri dishes
Table 7. The degree of damage to the leaves depending on the temperature

	Object
	Degree of leaf damage

	1
	40 º
	50 º
	60 º
	70 º
	80 º

	2
	
	
	
	
	


Lab. work 14-15.  Determination of plant resistance to salinity

The  saline soils soils contain  easily soluble salts (NaCI, Na2SO4, Na2CO3, MgC12, MgSO4) in their profile in toxic amounts. The effect of such salts on plants is a powerful environmental factor that hinders their normal growth and development.

 Purpose of work: to determine the effect of salinity on plants of grown in different Knopp nutrotial medium.

Equipment and materials: 100 ml test tubes or cylinders, test tube racks, measuring tubes or cylinders, scales, weights, sharp razor, NaCl, Na2CO3, water. 

 Objects: the stems of different plants with 3-4 identical small leaves. 
Guidelines.  
1. Prepare a series of solutions of different salts (NaCI, Na2CO3): 1, 3, 5, 7, 10, 20%. 
2. Pour equal amounts of these solutions into test tubes. Water is the control. 
3. The branches of plants are weighed and equalized. 
4. Vessels are isolated from evaporation of water with foil and left for seven days. 
5. After 7 days,  the effect of the growth condition of the plants is assessed (loss of turgor, appearance of necrosis, change in the leaf blade) and the volume of absorbed water is measured. 
Make conclusions. Task: 
identify which of the salts most strongly affects the absorption of solutions? 
What plants absorb solutions stronger?
 Which plants have the least damage from the ingestion of saline solutions?
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