
Translocation of organic solutes: "The movement of organic food or solute in soluble 

form, from one place to another in higher plants is called translocation of organic solutes." 

 

Directions of translocation 

Downward translocation: It is of most important type, i.e., from leaves to stem and 

roots. 

Upward translocation: From leaves to developing flowers, buds, fruits and during 

germination of seeds and tubers etc. 

Radial translocation: From pith to cortex and epidermis. 

 

Mechanism of translocation 

Diffusion hypothesis: Mason and Maskell (1928) working on cotton plant demonstrated 

that the translocation of foods occurs from the place of high concentration i.e. place of 

manufacture or storage to the place of lower concentration i.e. place of consumption, but 

it is very slow process, so Mason and Phillis (1936) modified this concept and proposed 

activated diffusion hypothesis. According to this concept the food particles are first 

energy activated then translocated. This hypothesis is not accepted due to lack of 

experimental evidence. 

Protoplasmic streaming hypothesis: This concept was proposed by de Vries (1885) and 

later supported by Curtis (1935). According to him protoplasmic streaming occurs in 

sieve tube elements of phloem and the solute molecules caught up in the circulating 

cytoplasm and carried from one end to the other end of sieve tube from where they diffuse 

to the next sieve tube elements through the cytoplasmic strands in the sieve plates. The 

hypothesis involves two phenomena, such as streaming of sieve protoplasm and diffusion 

of metabolites through sieve pores. 

This hypothesis not only explains the rate of translocation is checked by the factors like 

low temperature and oxygen deficiency which retards protoplasmic streaming but also 

the bidirectional movement of metabolites across a single sieve element. But, the 

strongest objection against this hypothesis is that the protoplasmic streaming has not been 

observed in mature sieve tube elements. 

Transcellular streaming: Cany (1952) Thaine (1964) suggested modification to 

cytoplasmic streaming theory. He defined transcellular streaming as “the movement of 

solute particles from one sieve tube element to another and the movement of fluid 

constituents of cytoplasm through linear files of longitudinally oriented plant cells”. Thus, 

transcellular streaming is an attractive mechanism as it would explain the phenomenon 

of bidirectional translocation. 



Electro-osmotic hypothesis: A mechanism involving electro-osmosis was proposed 

independently by Fensom (1957) and Spanner (1958). According to this hypothesis the 

solute moves in the positive direction of the electrical gradient along with K+ ions. 

Munch's mass flow or pressure flow hypothesis: The mass flow hypothesis was 

forwarded by Munch (1930). Crafts elaborated it further in (1938). Munch assumed that 

the protoplasm of sieve tube is connected through plasmodesmata and forms a continuous 

system, called as the symplast. The translocation of solutes occurs in a mass along with 

cell sap through the sieve tubes form a region of higher turgor pressure i.e. supply end to 

lower turgor pressure region i.e. consumption end, along a turgor pressure gradient. 

As a result of photosynthesis, the mesophyll cells in the leaves contain higher 

concentration of organic food material in them in soluble form. The cells of stem and 

roots where the food material is utilized or converted to insoluble form and the sieve tube 

in phloem which are placed end to end is the path of translocation of the food materials. 

Mesophyll cells draw water from the xylem of the leaf due to higher osmotic pressure so 

that their turgor pressure is increased. The turgor pressure of stem and roots is 

comparatively low and hence the soluble organic solutes begin to flow en mass from 

mesophyll through phloem down to the cells of stems and roots where the organic solutes 

are either consumed or converted to insoluble form and the excess water is released into 

xylem through cambium. 

  

 Demerits of Munch's hypothesis: 

1.The hypothesis fails to explain bidirectional movement of metabolites which is common 

in plants. 

2. There is considerable doubt regarding the magnitude of the turgor pressure at the supply 

end which may not be enough to overcome the resistance of the sieve plate in solute 

translocation. 

3. Turgor pressure may not always be higher at the supply end. 



4. The hypothesis is purely based on physical assumption and does not consider the fact 

that the whole translocation is dependent upon the metabolism of plants. 

 

Source and sink relationships: 

Actively photosynthesizing leaves are considered to be the source while all other organs 

utilizing carbohydrates are regarded as sinks. The carbohydrate is transported from to the 

nearest sink. Through sieve tubes of the phloem. During translocation from source to sink, 

the sugar synthesized in the leaf cells move symplastically to the sieve tubes. The loading 

of the sugar in the phloem at the source end and their removal or conversion at sink end, 

establishes an osmotic potential or hydrostatic pressure gradient. This gradient causes the 

movement of water and sugar from sources to the sink. 

It is obvious that increase in photosynthesis in the source cells may increase the rate of 

translocation to the sink cells. Simultaneously the sins cells must be able to utilize sugar 

efficiently, so that the difference in hydrostatic pressure is maintained. If the sink cells 

unable to utilize the increase production, this leads to reduction of photosynthesis. Thus, 

sink capacity will in fact determine the rate of photosynthesis in source cells. 

 

Phloem loading and unloading: Phloem transport is primarily dependent upon its 

loading with the carbohydrates in the leaf. There is continuous phloem loading in 

photosynthesizing leaf cells and as result the concentration of sugar in sieve tubes is 1.5 

to 2.0 times higher than that of mesophyll cells. The loading process is rather selective. 

However, all substances are translocated with the same speed once they are loaded in the 

sieve elements. A.J.E. Van Bel and Y.V. Gamalei (1992) have suggested that the mode 

of phloem loading depends upon the degree of plasmodesmatal connectivity. Loading is 

an active process and it requires metabolic energy. Although the principal translocatory 

form of sugar in phloem is sucrose, but it is not very clear whether the sucrose is loaded 

in sieve element as such. The unloading of sieve elements occurs in ‘sink’, the tissues 

where the sugar has been consumed or stored. The process is essentially the reversal of 

loading and there is some evidence that hydrolysis of sucrose occurs during unloading. 

The loading and unloading may be symplastic or apoplastic depending upon the presence 

and absence of plasmodesmata connection.  


