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PHOTOSYNTHESIS        Wayne Robinson 
 
There are only a few things in life that are certain. Death and taxes are well known to us, but to them we can 

add the fact that, without photosynthesis life on Earth would all but cease, and then, very quickly. Photosynthesis 
is the fundamental chemical reaction that sustains most of the life forms we know. It is a biological process that 
occurs in all living plants. 
The generalities of photosynthesis are known to most of us, but a slightly more detailed examination, especially 

regarding cacti and succulents, should enable us to see more clearly why and how our plants grow the way they 
do, as well as give us guidelines as to how we should grow them in cultivation. 
This article will, therefore, be a little technical but hopefully not too much so. All is written for a reason so, with a 

little care in reading, I hope this article will be of value to all. 
 Photosynthesis is the process by which all plants take in carbon dioxide (CO2) and water (H2O) from the 

environment and, in the presence of sunlight, converts them into oxygen (O2), H2O, sugars and proteins etc. This 
process is a rapid one, with up to seventeen different compounds having been found to be produced within 
seconds of the process starting. The following formula shows this graphically. 

 

CO2 + H2O    Ÿ    sugar + O2 + H2O 

 

For those who like to have things balanced, the ñfullò formula is expressed, thus: 

 

6CO2 + 12H2O   Ÿ    C6H12O6 + 6O2 + 6H2O 

 

The actual formula is far more complex, involving five carbon sugars and two carbon acids producing sugars, 
fatty acids, proteins etc, plus five more carbon sugars, but the above simplification will suffice. 

To understand how cacti are different, it is necessary to point out that the CO2 in the above formula does not 
come directly from the atmosphere. Instead, CO2 is absorbed by one group of cells and is converted into weak 
acids (Part A), mainly malic and isocitric. These acids are transported to a different group of cells and reconverted 
to CO2 and there the process of photosynthesis occurs (Part B) as demonstrated in the following formulae: 

 

CO2 (from air)    Ÿ    acids   (Part A) 

 

acids    Ÿ    6CO2 + 12H2O    Ÿ    C6H12O6 + 6O2 + 6H2O   (Part B) 

 

In most plants, both Parts A and B occur simultaneously during the day when sunlight is available. This means 
that the plant must be able to take in the CO2 through their open pores (stomata) during the day to keep the 
process going. BUT, as we know, cacti DO NOT open their stomata during the day, as this would allow too much 
H2O to evaporate into the atmosphere, thus drying the plant out very quickly. (It has been found that this alone can 
prevent from 50% to 70% H2O loss.) So how do cacti survive and photosynthesize? 
The answer is a simple one. They open their stomata at night and form acids (Part A), then store the acids until 

the sun rises, then photosynthesis (Part B) occurs normally with the CO2 coming from the acids. Most plants carry 
out Parts A and B in different parts of the plant, but at the same time. Cacti carry out Parts A and B at different 
times. The ability to do this was first found by scientists in one of the Crassulacean family, Bryophyllum calycinum 
(a synonym of B.pinnatum), hence the name Crassulacean Acid Metabolism (CAM). De Saussure observed this 
increase in acid during the night, as early as 1804, using that most scientific of tests - taste. 

CAM has since been found to occur in Crassulaceae, Cactaceae, Orchidaceae, Bromeliaceae (especially 
Tillandsias), Euphorbiaceae and Liliaceae. 

The importance of CAM and its relevance to the cacti grower can best be demonstrated by looking at the 
factors that affect photosynthesis. These fall broadly into two areas, internal and external. 

INTERNAL 

STRUCTURE or surface area: The greater the surface area the more stomata will be found, hence the more 
CO2 that can be absorbed. This allows more photosynthesis hence more end products (food) for the plant leading 
to an enhanced ability to grow. Also, the more stomata the greater the potential H2O loss, as mentioned earlier. 
Cacti have reduced surface areas and tend to grow more slowly. 

END PRODUCTS: It has been found that if end products are produced and not used immediately, they will 
retard the process of photosynthesis. This creates a supply and demand situation. If there is food available, the 
plant will not produce more. 
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CHEMICALS IN THE PLANT (PROTOPLASM): Enzymes are needed to allow all chemical reactions to take 
place. It only takes a slight increase or decrease in the level of these enzymes to interfere with the process of 
photosynthesis. This points to the need for there to be adequate levels of minerals and trace elements available 
to the plant. Water is also a chemical and the more of it that is available, the more photosynthesis can occur. 

Hence a plant that is full and firm will grow better than one that is limp and shrunken. 

 

EXTERNAL 

TEMPERATURE: As temperature increases, so does the rate of photosynthesis. However, once a certain 
temperature is reached (and this varies with different plants), the rate of photosynthesis will start to slow and if 
the temperature increases further, destruction of cellular tissue can and will occur. The Rate at which CO2 is 
released from the plant is also increased as the temperature rises. At lower temperatures, however, the plant 
can absorb more CO2, enabling more acid production, allowing, as a consequence, more photosynthesis to 
occur. This is why cacti, which absorb CO2 at night, prefer cooler night temperatures and warmer day 
temperatures. If you provide high temperatures for your cacti twenty-four hours per day, you will slow down their 
growth. 

LIGHT: A similar situation exists with light as with temperature. The rate of photosynthesis increases as light 
intensity increases, up to a certain point after which the rate starts to fall. 

The quality of the light is also important. The right wavelengths must be present. This is part of the reason 
why poorer results will be achieved growing plants under ordinary fluorescent tubes than if the óGrow-Luxô style 
tubes are used and why green fibreglass should be avoided in plant houses. 

The duration of light influences growth as well. Remember, photosynthesis cannot occur without adequate 
light (either sunlight or other adequate artificial light source), so the longer the light is available the more 
photosynthesis will occur. Also, the ratio of the duration of light to darkness affects growth and flowering of 
different plants in different ways. Some flowering in winter; some flower in summer. I will say no more at this 
time, other than to give it its correct name, PHOTOPERIODISM. 

CARBON DIOXIDE: A lot has already been said about CO2 and, therefore, its necessity as an integral 
ingredient of photosynthesis should be obvious. If you have plants in a closed, sealed glasshouse in order to 
increase the temperature, the available CO2 used up by the plants will not be replenished from the atmosphere, 
thus slowing down the rate of photosynthesis and the growth of the plant. This, therefore, is one of the important 
reasons why good ventilation is essential for good plant growth. One other interesting fact about CO2, though 
not directly related to this topic, is that there is not much CO2 in the atmosphere. Approximately 0.03% of air is 
CO2. óMadô scientists have calculated that if it was not replenished, the total supply of CO2 in the atmosphere 
would be used up by plants in photosynthesis in only a few decades. So obviously a lot of CO2 is fed into the 
atmosphere;   

WATER: Following from what has already been said about the internal content of H2O, it will be apparent 
that the H2O must, of course, originally come from outside the plant for it to be used by the plant. So, if you 
water infrequently, you cannot expect rapid growth from your plants. 

SOIL REACTION: - pH soil reaction deals with what is called acidity and alkalinity. It is very important to us 
because it affects the growth of good bacteria and fungi and strongly affects the health and growth of plants through 
the control of plant foods in the soil. 

Excesses of sodium, magnesium and calcium accumulating in soils cause alkalinity. It comes about through 
watering with water containing these elements without control of the build-up of the alkaline chemicals. Water 
containing large amounts of calcium and magnesium is called óhard waterô. óSoft waterô results from a chemical 
replacement of the calcium and magnesium with sodium. This sodium rich ósoft waterô is extremely bad for plants 
and should never be used in watering. 

In regions of high humidity and high rainfall, the alkaline elements are washed, that is, leached away leaving an 
acid soil reaction. In such a case, ground limestone is often used to bring the soil back to a neutral condition. 

These acidic and alkaline elements are combined in nature, forming mineral salts. We see an excess of these 
mineral salts as crusts on the edges of pots and around the drain holes where the water has evaporated, leaving 
the ñsaltsò that were in the water. 

In order to really understand how to make our plants grow at or near optimum, we need to know how much acid 
or how much alkaline is in our potting medium. The measurement of how much is made in terms of what is called 
pH. For the curious among you, the little p and upper case H means Hydrogen potential. Now that you know that, 
forget it; you will not need it again. 

We need to study the use of pH, so here goes. The scale for measuring pH extends from 0 to 14. At a reading of 
7 the soil reaction is neutral; that is to say, the potting medium is half alkaline and half acid. If the reading is less 
than 7, it indicates that the potting medium is acid; if more than 7, the medium is alkaline. So, suppose you check 
your water and it has pH of 8; that is ten times more alkaline than pH 7 while pH 9 is one hundred times and pH 10 
is one thousand times more! In the other direction pH 6 is ten times more acid than pH 7; pH 5 is one hundred 



 

{ǇƛƴŜ Wǳƭȅ нлму         tŀƎŜ р 

times, while pH 4 is one thousand times more acid. I do not recommend growing your cactus or petunias in that! 

Now, what does all this mean? A plant can only take up mineral nutrients if they are dissolved by water. In order 
for these chemicals to dissolve, the pH of the water must be within certain pH limits. For example, the three most 
important chemicals, nitrogen, phosphorous and potassium are most easily dissolved in water if the pH is between 
5.5 and 7; so this is the best range for plant growth. 

Even the micronutrients like zinc and boron are more readily available in the same pH range. If more alkaline (eg 
a pH 8 and beyond (alkaline)) or pH less than 5.5 (acidic), then the nutrients may ñlock upò by reacting with some 
chemical that makes the nutrient unable to dissolve in water. 

Let us now look at the most difficult to dissolve nutrient, phosphorous, as an example. Phosphorous does not 
dissolve easily in any case, but in alkaline soil it is ñlocked upò by calcium. In acid soil it becomes difficult to dissolve 
because it forms insoluble compounds with aluminium and iron. It works best as a nutrient when the pH is about 6.5. 

Now, how do we measure pH; better yet, how can you do it? The best and most accurate measurements are 
made with electrically operated pH Meters that cost from $100.00 to several thousand dollars. Most of us do not have 
such instruments, but high school and college chemistry laboratories do. Manufacturers, even if only a little involved 
in chemistry, will have them, too. If you have a connection with someone in these areas, a few kind words will get a 
lot of soil pH tests run! 

Failing this, there are soil test kits you can buy from a few dollars upwards, depending on how many tests you will 
want to run. The colour changes depending on the pH and you make a comparison against a colour standard 
provided in these kits.  

Now, a suggestion; prevent salt build-up in the soil of potted plants by always filling the pot twice with water. It 
flushes out the excess salts. 

 

MINERALS 

WHAT ARE THE MINERAL ELEMENTS? There are actually 20 mineral elements necessary or beneficial for plant 
growth.  Carbon (C), hydrogen (H), and oxygen (O) are supplied by air and water.  

The six macro nutrients, nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), and sulphur 
(S) are required by plants in large amounts.  The rest of the elements are required in trace amounts (micronutrients).  

Essential trace elements include boron (B), chlorine (Cl), copper (Cu), iron (Fe), manganese (Mn), sodium (Na), 
zinc (Zn), molybdenum (Mo), and nickel (Ni).  

Beneficial mineral elements include silicon (Si) and cobalt (Co).The beneficial elements have not been deemed 
essential for all plants but maybe essential for some.  There has been some work done on Nickel, Selenium and 
Vanadium as well but more study is required.  

We are all familiar with the N:P:K ratio seen on most plant food containers. If they are not available to the plant, it 
CANNOT use them. I should, however, mention that wonderful pump called ñosmosisò that pushes water and 
nutrients up a plant from cell to cell, because the water goes through the cell wall from the less dense solution to the 
denser solution. If we have lots of mineral salts in the soil, a higher concentration is formed there. Then the process 
works in reverse, by pulling water from the plant. That is the problem caused by too much salt in the soil. It leads to 
dead plants! 

NITROGEN is a major component of proteins, hormones, chlorophyll, vitamins and enzymes essential for plant 
life.  Nitrogen metabolism is a major factor in stem and leaf growth (vegetative growth).  Too much can delay 
flowering and fruiting.  Deficiencies can reduce yields, can cause yellowing of the leaves and stunt growth.  

PHOSPHORUS is necessary for seed germination, photosynthesis, enzymes and protein (adenosine triphosphate 
(ATP), ribonucleic acids (RNA), deoxyribonucleic acids (DNA)) formation and almost all aspects of growth and 
metabolism in plants. It is essential for flower and fruit formation.  Low pH (<4) results in phosphate being chemically 
locked up in organic soils.  Deficiency symptoms are purple stems and leaves; maturity and growth are retarded. 
Yields of fruit and flowers are poor.  Premature drop of fruits and flowers may often occur.  Phosphorus must be 
applied close to the plant's roots in order for the plant to utilize it. 

POTASSIUM is necessary for formation of sugars, starches, carbohydrates, protein synthesis and cell division in 
roots and other parts of the plant. Potassium is involved in maintaining the water status of the plant and the turgor 
pressure of it's cells and the opening and closing of the stomata, improves stem rigidity and cold hardiness, enhances 
flavour and colour on fruit and vegetable crops, increases the oil content of fruits and is important for leafy crops. 
Deficiencies result in low yields, mottled, spotted or curled leaves, scorched or burned look to leaves. 

CALCIUM - MAGNESIUM - SULPHATE 

 These ions may be present in high levels in ground water. It is important to consider these values when adding 
nutrient supplements. 
 

Calcium plays an important role in maintaining cell integrity and membrane permeability. Deficiency will cause 
root tip die-back, leaf tip curl and marginal necrosis and chlorosis primarily in younger leaves. Blossom end rot and 
internal decay may also occur. Excess calcium may produce deficiencies in magnesium and potassium. 
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Magnesium is one of the trace elements that plants require and it is mentioned here because it is magnesium that 
gives chlorophyll its green colour, just as iron gives blood itôs red colour. In fact, chlorophyll and haemoglobin are 
nearly identical molecules. Put simply: no magnesium - no chlorophyll - no photosynthesis - no plant. It is necessary 
for functioning of plant enzymes to produce carbohydrates, sugars and fats.  It is used for fruit and nut formation and 
essential for germination of seeds.  Deficient plants will show yellowing between veins of older leaves; leaves may 
droop. Magnesium is leached by watering and must be supplied when feeding. It can be applied as a foliar spray to 
correct deficiencies. Extreme high levels will antagonize other ions in the nutrient solution.  

Sulphur is a structural component of amino acids, proteins, vitamins and enzymes and is essential to produce 
chlorophyll.  It imparts flavour to many vegetables.  Deficiencies show as light green leaves.  Sulphur is readily lost by 
leaching from soils and should be applied with a nutrient formula.  Some water supplies may contain Sulphur. It also 
helps lower the pH of alkaline soils. 

Iron is another trace element for plants and its importance is that plants cannot absorb magnesium unless iron 
is present. Hence, iron-deficient plants start to go yellow, as chlorophyll cannot be produced. 

Molybdenum is a cofactor to enzymes important in building amino acids. 

Boron is important in sugar transport, cell division, and synthesizing certain enzymes. Boron deficiency causes 
necrosis in young leaves and stunting. 

Copper is important for photosynthesis. Symptoms for copper deficiency include chlorosis. 

Manganese is necessary for building the chloroplasts. Manganese deficiency may result in coloration 
abnormalities, such as discoloured spots on the foliage. 

Zinc is required in a large number of enzymes and plays an essential role in DNA transcription. A typical symptom 
of zinc deficiency is the stunted growth of leaves, commonly known as "little leaf" and is caused by the oxidative 
degradation of the growth hormone Auxin. 

 

In summary, what has proceeded should only be taken as a general guideline. Cacti are a very diverse family 
of plants and there are exceptions to almost all órulesô. I hope that this article will be of benefit to you and that, from 
an increased understanding of our plants, we will love them all the more and be able to give them the care and 
attention that they deserve. 

So, what does all this mean in simple terms? 

 

Our plants need: 

 Water ï soaks not sprinkles. 

 Light. 

 Warm days ï cool nights. 

 Ventilation- 24/7. 

 Food ï balanced food groups. 

 Repotting. 

 Lots of love. 

 

REFERENCES 

Blanchard, L E, (1950), The Significance of Soil Reactions. Cactus and Succulent Journal (US):22(2):57. 
  

W.W. Robins, T.E. Weier and C.R. Stocking. (1967). Botany: An Introduction to Plants: John Wiley and Sons Inc. 

 

L. Benson. 1982. Cacti of the United States:. Stanford University Press. 

 

R.E. Monroe. (1981). Crassulacean Acid Metabolism in Succulent Plants: A Means for Conserving Water. Cactus and 
Succulent Journal (U.S.): 53(4): 191. 

 

F.B. Salisbury and C.W. Ross. (1978). Plant Physiology: . Wadsworth Publishing Company Inc. 



 

{ǇƛƴŜ Wǳƭȅ нлму         tŀƎŜ т 

Y![!b/Ih9{ /¦[¢L±!¢95 Lb !¦{¢w![L! ȫ       ōȅ bƻŜƭŜƴŜ ¢ƻƳƭƛƴǎƻƴΦ 

 

¢ƘŜ ǘǳōǳƭŀǊΣ п-ǇŜǘŀƭƭŜŘ ƅƻǿŜǊǎ ƻǇŜƴ ŀǘ ǘƘŜ ǝǇ ŀƴŘ Ƴŀȅ ōŜ ǿƘƛǘŜΣ ǇƛƴƪΣ ȅŜƭƭƻǿ ƻǊ ǊŜŘΣ Ƴƻǎǘ ƅƻǿŜǊƛƴƎ ƛƴ ǿƛƴǘŜǊ ǘƻ 
ŜŀǊƭȅ ǎǇǊƛƴƎΤ Ƴŀƴȅ ŦǊƻƳ aŀŘŀƎŀǎŎŀǊΦ ¢ƘŜ ƎŜƴǳǎ ǿŀǎ ŬǊǎǘ ŘŜǎŎǊƛōŜŘ ōȅ ǘƘŜ ōƻǘŀƴƛǎǘ aƛŎƘŜƭ !Řŀƴǎƻƴ ƛƴ мтсоΣ ŀƴŘ ǘƘŜǊŜ 
ŀǊŜ ŀōƻǳǘ мнр ǎǇŜŎƛŜǎΣ Ǉƭǳǎ ƳƻǊŜ ŎǳƭǝǾŀǊǎ ŀƴŘ ƘȅōǊƛŘǎΦ /ƻƳǇŀǊŜŘ ǿƛǘƘ ǘƘŜ aŜȄƛŎŀƴ /ǊŀǎǎǳƭŀŎŜŀŜΣ YŀƭŀƴŎƘƻŜ ŀǊŜ ƳǳŎƘ 
ŘƛũŜǊŜƴǘΥ ǾŀǊƛŀōƛƭƛǘȅ ǿƛǘƘƛƴ ƻƴŜ ŀƴŘ ǘƘŜ ǎŀƳŜ ǎǇŜŎƛŜǎ ƛǎ ƳǳŎƘ ǿƛŘŜǊΦ  

 

YΦ ōŜŀǳǾŜǊŘƛƛΥ ǘƘŜ ǇŀƛǊǎ ƻŦ ƎƭŀōǊƻǳǎ ǇǳǊǇƭŜ-ƎǊŜŜƴ ǇƻƛƴǘŜŘ ƭŜŀǾŜǎ ŀǊŜ ŎǳǊǾŜŘ ŘƻǿƴǿŀǊŘǎΣ ŀƴŘ Ƴŀƴȅ ōǳƭōƛƭǎ ƻƴ ǘƘŜƳ 
ǇǊƻǇŀƎŀǘŜ ŜŀǎƛƭȅΦ ¢Ƙƛǎ ǘǊŀƛƭƛƴƎ ƻǊ ŎƭƛƳōƛƴƎ Ǉƭŀƴǘ ǎŜǾŜǊŀƭ ƳŜǘǊŜǎ ƭƻƴƎ Ƙŀǎ ƎǊŜŜƴ ŀƴŘ ǇǳǊǇƭŜ ƅƻǿŜǊǎ ƛƴ Wǳƭȅ ƛƴ aŜƭōƻǳǊƴŜΦ 
¢ƘŜ ƘƻƻƪŜŘ ŀǊŎƘŜŘ ƭŜŀǾŜǎ ŀƭƭƻǿ ǘƘŜ ǿŜŀƪ ǎǘŜƳǎ ǘƻ ōŜ ǎǳǇǇƻǊǘŜŘ ƛƴ ǎǳǊǊƻǳƴŘƛƴƎ ǎƘǊǳōǎ ƛƴ aŀŘŀƎŀǎŎŀǊΦ 
 

YΦ ōŜƘŀǊŜƴǎƛǎ Ƙŀǎ ƭŀǊƎŜ ǎƻƊƭȅ ǇǳōŜǎŎŜƴǘ ǎƛƭǾŜǊ-ƎǊŜȅ ƭŜŀǾŜǎ ǘƻ ŀōƻǳǘ нл ŎƳ ƭƻƴƎ ŀƴŘ мл ŎƳ ǿƛŘŜ ǿƛǘƘ ŀ ŘŜƴǎŜ ŎƻǾŜǊƛƴƎ ƻŦ 
ŬƴŜ ōǊƻǿƴ ƘŀƛǊǎ ƻƴ ōƻǘƘ ǎǳǊŦŀŎŜǎΦ {ƭƻǿ-ƎǊƻǿƛƴƎΣ ōǳǘ ƘŜƛƎƘǘ ŀƴŘ ǎǇǊŜŀŘ ŀǊŜ ǘƻ о Ƴ ǿƛǘƘ ŀ ƘƻǊƴȅ ǎǘŜƳ ŘǳŜ ǘƻ ƭŜŀŦ ǎŎŀǊǎΦ 
CƭƻǿŜǊǎ ŀǊŜ ƎǊŜŜƴƛǎƘ-ǿƘƛǘŜ ƻǳǘǎƛŘŜΣ ǾƛƻƭŜǘ ƛƴǎƛŘŜΦ CǊƻƳ aŀŘŀƎŀǎŎŀǊΣ ƛǘ ǎŜƭŘƻƳ ƅƻǿŜǊǎ ƛƴ ŎǳƭǝǾŀǝƻƴ ŜȄŎŜǇǘ ƛƴ ǿŀǊƳŜǊ 
ŎƭƛƳŀǘŜǎΦ tǊƻǇŀƎŀǝƻƴ ƛǎ ŦǊƻƳ ǎǘŜƳ ƻǊ ƭŜŀŦ ŎǳǩƴƎǎΦ Lƴ ƘŀōƛǘŀǘΣ ƛƴƅƻǊŜǎŎŜƴŎŜǎ ŀǊŜ ƴŜǾŜǊ ōǊŀƴŎƘŜŘΦ 

YΦ ōŜƘŀǊŜƴǎƛǎ ΨCŀƴƎΩ ƛǎ ŎƻǾŜǊŜŘ ƛƴ ǿŀǊǘȅ ǘŜŜǘƘ ǳƴŘŜǊ ǘƘŜ ƭŜŀǾŜǎΣ  

YΦ ōŜƘŀǊŜƴǎƛǎ ΨbŀƴŀΩ ŦƻƭƛŀƎŜ ƛǎ ǎƛƭǾŜǊ ōǊƻǿƴΣ ǇǳōŜǎŎŜƴǘ ƭŜŀǾŜǎ 
ŎǳǊǾŜŘ ǊƛƎƘǘ ōŀŎƪΣ ŀ ǎƳŀƭƭ ƳƻƴǎǘǊƻǎŜ Ǉƭŀƴǘ ŀōƻǳǘ мл ŎƳ ǘŀƭƭΣ 
ƴŀƳŜŘ ōȅ ²ŜǊƴŜǊ wŀǳƘΦ 

YΦ ōƭƻǎǎŦŜƭŘƛŀƴŀ ŎǳƭǝǾŀǊǎΥ ǘƘŜ ƻǊƛƎƛƴŀƭ ǎǇŜŎƛŜǎ ǿŀǎ ƴŀƳŜŘ 
ŀƊŜǊ wƻōŜǊǘ .ƭƻǎǎŦŜƭŘΣ ŀ DŜǊƳŀƴ ƴǳǊǎŜǊȅƳŀƴΣ ƎǊƻǿƛƴƎ ǘƻ пл 
ŎƳ ǘŀƭƭΣ ŘŀǊƪ ƎǊŜŜƴ ƛƴŘŜƴǘŜŘ ƭŜŀǾŜǎ ǿƛǘƘ ŀ ǊŜŘ ƳŀǊƎƛƴΦ 
.ŜǊƴŀǊŘ 5ŜǎŎƻƛƴƎǎΣ ǿƘƻ ǿǊƻǘŜ ǘƘŜ YŀƭŀƴŎƘƻŜ ǎŜŎǝƻƴ ŦƻǊ 
Ψ¢ƘŜ LƭƭǳǎǘǊŀǘŜŘ IŀƴŘōƻƻƪ ƻŦ {ǳŎŎǳƭŜƴǘ tƭŀƴǘǎΩΣ  ǎŀƛŘ ƘŜ ƘŀŘ 
ƴŜǾŜǊ ǎŜŜƴ YŀƭŀƴŎƘƻŜ ōƭƻǎǎŦŜƭŘƛŀƴŀ ŦǊƻƳ Ƙŀōƛǘŀǘ ƛƴ 
aŀŘŀƎŀǎŎŀǊΣ ŀƴŘ ŀǎ ŦŀǊ ŀǎ ƘŜ ƪƴŜǿ ƛǘ ƛǎ ƴƻǘ ƛƴ ŎǳƭǝǾŀǝƻƴ 

ŀƴȅǿƘŜǊŜΣ ƴƻǘ ŜǾŜƴ ƛƴ IŜƛŘŜƭōŜǊƎ όwŀǳƘϥǎ ŎƻƭƭŜŎǝƻƴύΦ 
¢ƘŜǊŜ ŀǊŜ ƴƻǿ Ƴŀƴȅ ŎǳƭǝǾŀǊǎ ǿƘƛŎƘ Ŏŀƴ ōŜ ǇǊƻǇŀƎŀǘŜŘ 
ŦǊƻƳ ŎǳǩƴƎǎΣ ŀƴŘ ƭƛƪŜ ǎƻƳŜ ǎƘŀŘŜΦ /ƭǳǎǘŜǊǎ ƻŦ ƅƻǿŜǊǎ ƛƴ ǎǇǊƛƴƎ 
Ŏŀƴ ōŜ ǊŜŘΣ ƻǊŀƴƎŜΣ ǇƛƴƪΣ ǿƘƛǘŜΣ ȅŜƭƭƻǿ ƻǊ ōƛŎƻƭƻǊΦ 
 

YΦ ōǊŀŎǘŜŀǘŀ ƛǎ ŀ ǎǳōǎƘǊǳō ǘƻ мΦр Ƴ ǘŀƭƭ ǿƛǘƘ ǎƛƭǾŜǊ-ƎǊŜȅ 
ŦƻƭƛŀƎŜΣ ŀƴŘ ƻǊŀƴƎŜ-ǊŜŘ ƅƻǿŜǊǎΦ tƻƛƴǘŜŘ ƭŜŀǾŜǎ ƘŀǾŜ ōǊƻǿƴ 
ŜŘƎŜǎ ǿƘŜƴ ȅƻǳƴƎΣ ŀƴŘ ǘƘŜǊŜ ŀǊŜ ŬƴŜ ōǊƻǿƴ ŀŜǊƛŀƭ ǊƻƻǘǎΦ Lǘ 
ƛǎ ƻƊŜƴ ƛƴŎƻǊǊŜŎǘƭȅ ƭŀōŜƭƭŜŘ ŀǎ YΦ ƘƛƭŘŜōǊŀƴŘǝƛΣ ŀƴŘ ǿŀǎ ŬǊǎǘ 
ŎƻƭƭŜŎǘŜŘ ōȅ {Ŏƻǧ 9ƭƭƛƻǘΦ YΦ ōǊŀŎǘŜŀǘŀ Ƴŀȅ ƘŀǾŜ ƘŀƛǊȅ ŀƴŘ 
ƎƭŀōǊƻǳǎ ƭŜŀǾŜǎ ƻƴ ǘƘŜ ǎŀƳŜ ǇƭŀƴǘΗ 
 

YΦ ŘŀƛƎǊŜƳƻƴǝŀƴŀ ƛǎ ƅŜŎƪŜŘ ǿƛǘƘ ǇǳǊǇƭŜ ƻƴ ǘƘŜ ōŀŎƪ ƻŦ ǘƘŜ ƅŜǎƘȅ ŘŀǊƪ ƎǊŜŜƴ ƭŜŀǾŜǎΦ Lǘ ǿƛƭƭ ƎǊƻǿ ǉǳƛǘŜ ƭŀǊƎŜ ǘƻ ул ŎƳ ǘŀƭƭΣ 
ǿƛǘƘ ǎƳŀƭƭ ǊŜŘ-ǾƛƻƭŜǘ ōŜƭƭ-ǎƘŀǇŜŘ ƅƻǿŜǊǎ ƛƴ ǿƛƴǘŜǊΦ ¢Ƙƛǎ ƛǎ ŀ ŘŜŎƭŀǊŜŘ ǿŜŜŘ ƛƴ b{² ŀƴŘ vǳŜŜƴǎƭŀƴŘΣ ǿƘŜǊŜ ƛǘ ƭƛƪŜǎ ǘƘŜ 
ǿŀǊƳǘƘΣ ōǳǘ ƛǎ ŦǊƻǎǘ ǘŜƴŘŜǊ ƛƴ ±ƛŎǘƻǊƛŀΦ YΦ ŘŀƛƎǊŜƳƻƴǝŀƴŀ ǿŀǎ ƴŀƳŜŘ ƛƴ мфмп ǘƻ ƘƻƴƻǳǊ aŀŘŀƳŜ ŀƴŘ aƻƴǎƛŜǳǊ 
5ŀƛƎǊŜƳƻƴǘΣ ǘƘŜƴ-ƳŜƳōŜǊǎ ƻŦ ǘƘŜ .ƻǘŀƴƛŎŀƭ {ƻŎƛŜǘȅ ƻŦ CǊŀƴŎŜΣ ŀƴŘ ƴŀǝǾŜ ǘƻ aŀŘŀƎŀǎŎŀǊΦ Lǘ ǘŜƴŘǎ ǘƻ ŘƛŜ ŀƊŜǊ ƅƻǿŜǊƛƴƎΣ 
ōǳǘ Ƴŀƴȅ ǇƭŀƴǘƭŜǘǎ ƻǊ ōǳƭōƛƭǎ ǊŜƳŀƛƴ ǳƴŘŜǊƴŜŀǘƘΣ ŀƴŘ ƘȅōǊƛŘƛȊŜǎ Ŝŀǎƛƭȅ ǿƛǘƘ ǎŜǾŜǊŀƭ ƻǘƘŜǊ ƪŀƭŀƴŎƘƻŜǎΦ 
 

YΦ ŘŜƭŀƎƻŜƴǎƛǎ ǎȅƴΦ ǘǳōƛƅƻǊŀΥ ǎǘǊŀƛƎƘǘ ǎǘŜƳǎ ǘƻ н Ƴ ǘŀƭƭ ŀǊŜ ŎƭƻǘƘŜŘ ǿƛǘƘ ƅŜǎƘȅ ƭŜŀǾŜǎ ƎǊŜȅ-ƎǊŜŜƴ ǿƛǘƘ ōǊƻǿƴ ǎǘǊƛǇŜǎΦ 
!ǧǊŀŎǝǾŜΣ ǿŀȄȅ-ǘŜȄǘǳǊŜŘ ƻǊŀƴƎŜ ǿƛƴǘŜǊ ƅƻǿŜǊǎ ŀǊŜ ŎŀƴŘŜƭŀōǊŀ-ƭƛƪŜΦ Lǘ Ƙŀǎ ōŜŜƴ ŘŜŎƭŀǊŜŘ ŀ ǿŜŜŘ ƛƴ b{² ŀƴŘ 
vǳŜŜƴǎƭŀƴŘΣ ŘǳŜ ǘƻ ǘƘŜ ǿŀȅ ǘƘŜ ōǳƭōƛƭǎ ǎǇǊŜŀŘΣ ŜǾŜƴ ƛƴ ŎǊŜŜƪǎ ŀƴŘ ǊƛǾŜǊǎΦ Lǘ ǇǊŜŦŜǊǎ ǎŀƴŘȅ ǎƻƛƭ ŀƴŘ ƻǇŜƴ ǇƭŀŎŜǎ ƛƴ ƘŀōƛǘŀǘΦ 
/ŀǧƭŜ ƘŀǾŜ ōŜŜƴ ƪƴƻǿƴ ǘƻ ŘƛŜ ŀƊŜǊ ŜŀǝƴƎ ƛǘΣ ŀǎ ƛǘ ƛǎ ǇƻƛǎƻƴƻǳǎΦ 

 

 

YΦ ōƭƻǎǎŦŜƭŘƛŀƴŀ ƘȅōǊƛŘ όŘƻǳōƭŜ Ǉƛƴƪύ 

 

YΦ ōƭƻǎǎŦŜƭŘƛŀƴŀ .ƛŎƻƭƻǊ 



 

tŀƎŜ у  {ǇƛƴŜ Wǳƭȅ нлму 

YΦ ŜǊƛƻǇƘȅƭƭŀ ƭŜŀǾŜǎ ŀǊŜ ǿƘƛǘŜ-ǿƻƻƭƭȅΣ ŀƴŘ ǇŀƭŜ Ǉƛƴƪ ŜǊŜŎǘ ƅƻǿŜǊǎ ōƭƻƻƳ ƛƴ ǎǇǊƛƴƎΦ ! ǎƳŀƭƭ Ǉƭŀƴǘ ŦǊƻƳ ǘƘŜ ƘƛƎƘ 
Ƴƻǳƴǘŀƛƴǎ ƻŦ ŎŜƴǘǊŀƭ aŀŘŀƎŀǎŎŀǊΣ ƛǘ ƴŜŜŘǎ ŎŀǊŜŦǳƭ ǿŀǘŜǊƛƴƎΣ ǇǊŜŦŜǊŀōƭȅ ŦǊƻƳ ōŜƭƻǿΣ ŀƴŘ ƛǎ ōŜǎǘ ƎǊƻǿƴ ǳƴŘŜǊ ŎƻǾŜǊ ƛƴ 
Ǉƻǘǎ ƛƴ aŜƭōƻǳǊƴŜΦ ¢ƘŜ ƎǊƻǿǘƘ ƛǎ ǎǇǊŀǿƭƛƴƎΣ ōǳǘ ƛǎ ƳƻǊŜ ŎƻƳǇŀŎǘ ƛŦ ǇƛƴŎƘŜŘ ōŀŎƪ ƻŎŎŀǎƛƻƴŀƭƭȅΦ 

YΦ ŦŜŘǘǎŎƘŜƴƪƻƛ Ƙŀǎ ŎƭǳǎǘŜǊƛƴƎ ǘƻ ŜǊŜŎǘ ǎǘŜƳǎ ŀƴŘ ŀŜǊƛŀƭ ǊƻƻǘǎΦ [ŜŀǾŜǎ ŀǊŜ ōƭǳŜ-ƎǊŜŜƴ ǿƛǘƘ Ǉƛƴƪ ŜŘƎŜǎ ƻƴ ǿƘƛŎƘ ƎǊƻǿ 
Ƴŀƴȅ ǇƭŀƴǘƭŜǘǎΦ hǊŀƴƎŜ ōŜƭƭ-ǎƘŀǇŜŘ ƅƻǿŜǊǎ ōƭƻƻƳ ƛƴ ǿƛƴǘŜǊ ƻƴ ŀ ǎƘǊǳō ǘƻ рл ŎƳ ƘƛƎƘΦ ! ǿŜŜŘ ƛƴ b{² ŀƴŘ 
vǳŜŜƴǎƭŀƴŘΣ ƛǘ ǿŀǎ ƴŀƳŜŘ ŀƊŜǊ .ƻǊƛǎ CŜŘǘǎŎƘŜƴƪƻ όмутн-мфооύΣ ŀ wǳǎǎƛŀƴ ǘǊŀǾŜƭƭŜǊΦ 
 

YΦ ŦŜŘǘǎŎƘŜƴƪƻƛ Ψ±ŀǊƛŜƎŀǘŀΩ Ƙŀǎ ŎǊŜŀƳȅ ǿƘƛǘŜ ƳŀǊƪƛƴƎǎ ǿƛǘƘ Ǉƛƴƪ ŜŘƎŜǎΦ !ƴȅ ǿƘƛǘŜ ǇƭŀƴǘƭŜǘǎ ǿƘƛŎƘ ƎǊƻǿ ƻƴ ǘƘŜ 
ƭŜŀŦ ŜŘƎŜǎ Řƻ ƴƻǘ ǎǳǊǾƛǾŜ ŀƭƻƴŜΣ ŀǎ ǘƘŜȅ ƘŀǾŜ ƴƻ ŎƘƭƻǊƻǇƘȅƭƭΦ  

 
 

YΦ Ǝŀǎǘƻƴƛǎ-ōƻƴƴƛŜǊƛ Ƙŀǎ ƭƻƴƎ ǿƘƛǝǎƘ ǿŀȄȅ ƭŜŀǾŜǎ ǿƛǘƘ ōǊƻǿƴ ƳŀǊƪƛƴƎǎΣ 
ŀƴŘ ƴŜǿ ǇƭŀƴǘƭŜǘǎ ŦƻǊƳ ƻƴ ƭŜŀŦ ǝǇǎΦ ¢ƘŜ ƻƭŘŜǊ ƭŜŀǾŜǎ ƭƻǎŜ ǘƘŜƛǊ ŦŀǊƛƴŀ 
ŎƻƳǇƭŜǘŜƭȅ ŀƴŘ ōŜŎƻƳŜ ƎƭŀōǊƻǳǎΣ ŀǎ ƛŦ ǘƘŜǊŜ ƘŀŘ ƴŜǾŜǊ ōŜŜƴ ŀƴȅ ŦŀǊƛƴŀ ς 
ǘƘŀǘ ƛǎ ǎǘǊŀƴƎŜΗ ¸ƻǳ ǎƘƻǳƭŘ ǇǊƻǘŜŎǘ ǘƘƛǎ Ǉƭŀƴǘ ŦǊƻƳ ŎƻƭŘ ƛƴ ǿƛƴǘŜǊΣ ŀƴŘ ƛǘ ƛǎ 
ŦǊƻǎǘ ǘŜƴŘŜǊ ǘƻƻΦ 
 

YΦ ŀŶƴƛǎ ƎƭŀǳŎŜǎŎŜƴǎ όL{L фо-пнύ ƛǎ ŀ ǇǳǊǇƭŜ ǎƘǊǳōƭŜǘ ǿƛǘƘ ȅŜƭƭƻǿ ƅƻǿŜǊǎΦ 
Lǘ ƛǎ ƴƻǘ ƛƴ ŎǳƭǝǾŀǝƻƴ ƛƴ .ƻǘŀƴƛŎŀƭ DŀǊŘŜƴǎ ƛƴ 9ǳǊƻǇŜ ŀǎ ƛǘ ŘƻŜǎƴΩǘ ƭƛƪŜ ǘƘŜ 
ŎƻƭŘΣ ƻǊƛƎƛƴŀƭƭȅ ŦǊƻƳ {ǳŘŀƴΦ 

 

YΦ ƎǊŀƴŘƛƅƻǊŀ Ƙŀǎ ōƭǳŜ-ƎǊŜŜƴ ƭŜŀǾŜǎ ƛƴ ǇŀƛǊǎΣ ƭƻƴƎ ǎǘŜƳǎ ǘƻ м Ƴ ǘŀƭƭ ǿƘƛŎƘ 
ŀǊŜ ƳŀǳǾŜ ǿƘŜƴ ȅƻǳƴƎΣ ŀƴŘ ƎƻƭŘŜƴ ȅŜƭƭƻǿ ƅƻǿŜǊǎΦ Lǘ ǿŀǎ ƻǊƛƎƛƴŀƭƭȅ ŦǊƻƳ 
LƴŘƛŀΣ ƻƴ ǊƻŎƪȅ ǎƭƻǇŜǎ ǿƛǘƘ ǇƻƻǊ ǎƻƛƭΦ ²Ŝ ŀƭǎƻ ƘŀǾŜ YΦ ƎǊŀƴŘƛƅƻǊŀ 
Ψ±ŀǊƛŜƎŀǘŀΩΦ 

 

YΦ ƘƛƭŘŜōǊŀƴŘǝƛ όL{L мртп ƛƴ мфурύ Ƙŀǎ ƭƻǾŜƭȅ ǎƳƻƻǘƘ ǎƛƭǾŜǊ-ƎǊŜȅ ƭŜŀǾŜǎΣ 
ŀƴŘ ƎǊƻǿǎ ŀǎ ŀ ǎƘǊǳō ǘƻ п Ƴ ƛƴ ƘŜƛƎƘǘ ǿƛǘƘ ǇŀƭŜ ƎǊŜŜƴ ǘƻ ŎǊŜŀƳ ƅƻǿŜǊǎ ƛƴ 
ǿƛƴǘŜǊΦ 9ŀǎƛƭȅ ŎƻƴŦǳǎŜŘ ǿƛǘƘ YΦ ōǊŀŎǘŜŀǘŀ ǿƘƛŎƘ Ƙŀǎ ǘƘŜ ǎŀƳŜ ƻǾŜǊŀƭƭ 
ŀǇǇŜŀǊŀƴŎŜΣ ǘƘŜ ǎŀƳŜ ŜŎƻƭƻƎƛŎŀƭ ǊŜǉǳƛǊŜƳŜƴǘǎΣ ŀƴŘ ǎƻƳŜǝƳŜǎ ƻŎŎǳǊǎ ƛƴ 
ƳƛȄŜŘ ƎǊƻǳǇǎ ƛƴ aŀŘŀƎŀǎŎŀǊΦ 

 

YΦ ƘǳƳƛƭƛǎ όL{L мстн ƛƴ мфусύ ƛǎ ƭƻǿ-ƎǊƻǿƛƴƎ ŦƻǊ ƳŜΣ ǘƻ мл ŎƳ ǘŀƭƭ ǿƛǘƘ 
ŎǊŜŀƳ ǊƻǎŜǧŜǎ ǿƛǘƘ 
ǇǳǊǇƭŜ ƳŀǊƪƛƴƎǎ ƻƴ 
ƭŜŀǾŜǎ ǘƻ с Ȅ п ŎƳΦ ¢ƘŜ 
ƭŜŀǾŜǎ ƻŦ YΦ ƘǳƳƛƭƛǎ ŀƴŘ 
YΦ ƳŀǊƳƻǊŀǘŀ Ŏŀƴ ōŜ 
ǾŜǊȅ ǎƛƳƛƭŀǊΣ ƘƻǿŜǾŜǊ 
ǘƘŜ ƅƻǿŜǊǎ ŀǊŜ 
ŎƻƳǇƭŜǘŜƭȅ ŘƛũŜǊŜƴǘΦ Lǘ 
ƛǎ ŘƛŶŎǳƭǘ ǘƻ ƎǊƻǿ 
ƻǳǘŘƻƻǊǎ ƛƴ aŜƭōƻǳǊƴŜ 
ŀǎ ƛǘ ŘƻŜǎƴΩǘ ƭƛƪŜ ǘƘŜ 
ŎƻƭŘΣ ǇǊŜŦŜǊǊƛƴƎ ƛǘǎ 
Ƙŀōƛǘŀǘ ƛƴ ¢ŀƴȊŀƴƛŀ ŀƴŘ 
aƻȊŀƳōƛǉǳŜΦ  

 

YΦ ƭŀŜǝǾƛǊŜƴǎ όŘƛǎǘǊƛōǳǘŜŘ ŀǎ L{L фр-ос YŀƭŀƴŎƘƻŜ ǎǇΦύ ƛǎ ŀƴ ǳƴǳǎǳŀƭ 
ǎǳŎŎǳƭŜƴǘ ǘƻ нл ŎƳ ǘŀƭƭ ǿƛǘƘ ǿƛŘŜΣ ƎǊŜŜƴ ƭŜŀǾŜǎ ŀƴŘ ōŀōȅ ǇƭŀƴǘƭŜǘǎ ŀƭƭ 
ŀǊƻǳƴŘ ǘƘŜ ǎŜǊǊŀǘŜŘ ŜŘƎŜǎΣ ƎƛǾƛƴƎ ǘƘŜƳ ŀ ǳƴƛǉǳŜ ŀǇǇŜŀǊŀƴŎŜΦ Lǘ ƻƊŜƴ 
ǎŜƴŘǎ ǳǇ ŀ ǘŀƭƭ ǎǇƛƪŜ ƻŦ ōŜƭƭ-ǎƘŀǇŜŘΣ ǇƛƴƪƛǎƘ ƅƻǿŜǊǎ ƛƴ ŜŀǊƭȅ ǎǇǊƛƴƎΦ Lǘ 
ǿƻǳƭŘ ƘŀǾŜ ǿŜŜŘ ǇƻǘŜƴǝŀƭ ƘŜǊŜΦ 

 

 

 

YΦ ƎǊŀƴŘƛƅƻǊŀ ǾŀǊƛŜƎŀǘŀ 

 

YΦ ŦŜŘǘǎŎƘŜƴƪƻƛ ϥ±ŀǊƛŜƎŀǘŀΩ 

YΦ ƎǊŀƴŘƛƅƻǊŀ ǾŀǊƛŜƎŀǘŀ 

YΦ ƭŀŜǝǾƛǊŜƴǎ 

YΦ ƘǳƳƛƭƛǎ 

http://www.crassulaceae.ch/de/artikel?akID=68&aaID=2&aiID=H&aID=3139

