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Introduction 

The physiology of phloem-loading and unloading was treated by 

Geiger (1975) to whom can be referred for details. 

Phloem-loading and unloading are different processes 

When a sink stalk of a young Yucca inflorescence is detached, it 

immediately changes from a sink to a source and produces phloem exudate 

for a considerable period (Van Die and Tammes 1966). One could suppose 

that it is a reversible process. When the pressure in the sieve tubes 

is lowered by detachment, the sink becomes a source. 

There is, however, a strong argument that the two are different 

processes. The reaction on cooling to zero is different. Loading stops 

at zero Celsius e.g. in Yucca (Tammes et al. 1969). Though longitudinal 

flow is not inhibited in Yucca. 

In short-term experiments on chilling of resistant sugar-beet sinl 

leaves, Geiger (1966, 1975) observed the following at zero cooling: 

after an adjustion period of 60-90 minutes unloading fell to 40-601 of 

the control and not to zero as was in loading of Yucca. 

In long-term experiments with sinks, however, the sink tissues are 

not able to grow and cannot take up the unloaded photosynthates. In 

such experiments, therefore, unloading nearly stops (Wardlaw 1974). In 

tips of young Yucca stalks which were zero-cooled in an intact state 
14 

and with a C02 label on a leaf of the plant, the cooled tips had 

roughly H of the activity of the controls after 2 and 3 days (Tammes 

unpublished). 

When loading and unloading are both present in the same tissue, 

the one that prevails will determine whether a source or a sink is pre

sent. Along the translocation path the two can be supposed to be in 

balance, unless some factor is changed. Köcher and Leonard (1971) ob

served that after detachment of Phaseolus leaves a new sink developed 



in the petiole; thus along the translocation path, the export of both 

detached and control leaves was the same. 

Recently Giaquinta (1978) observed with sugar-beet leaves that 

import-export transition took place at 40-50°s of leaf expansion. He 

found that in the export situation the enzyme sucrose-phosphate-

synthetase was present. His data indicate two intracellular sucrose 

pools. One accumulated for export from the mesophyll into the apoplast 

for phloem-loading, the other the non-transport pool, which however, 

can enter the transport pool on demand for exported assimilates. Sugars 

in the non-transport pool are incorporated in proteins and structural 

carbohydrates. 

Stopping of unloading in leaves 

Leonard (1939) observed that sugars moved out of darkened mature 

sugar-beet leaves until the leaves were depleted of sugars (9 days). 

So no unloading in the empty leaves occurred, or the leaf tissue re

fused to take up sugar from the phloem. 

On some variegated trees, e.g. Acer negundo, short branches of 

white leaves without chlorophyll occur. Aesculus sometimes bears short 

branches with pure whiteleaves and some variegated ones. 

During their formation, they are phloem-fed, as Weevers (1923) found 

by bark-ringing experiments. Leaves, developed after bark-ringing, 

abort. White leaves soon die. Weevers (1923) observed that the white 

leaves of Aesculus could be plasmolysed in 101 sucrose; normal green 

leaves could not. After their formation, a second flush especially of 

Aesculus at the end of June meets the same fate and in August most 

pure white leaves are either dead or shed. This indicates that by lack 

of chlorophyll they cannot provide their own nutrition and when, after 

formation, provision stops, they die from senescence, induced by star

vation of photosynthates. It is different from senescence of leaves at 

the end of the growing season. 



It remains to be understood why the white areas on green varie

gated leaves stay alive during the whole growing season. When, for in

stance, a half-white half-green Aesculus leaflet ages, the white half 

dies. A variegated hawthorn with white patches on its leaves showed 

dead centres of these white patches when they were large. The white 

areas, especially in Acer are fed by the green ones on the same leaf. 

With a variegated Pelargonium leaf with a white margin around a green 

centre, Jones and Eagles (1962) observed that after exposure to 
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|_ C0? J and S hours in light, activity had spread from the green 

centre to the white margin. 

That organic substances can spread through leaf tissue, irrespec

tive of veins, is illustrated in an autoradiograph by Mothes published 

by Sutcliffe (1976, p. 411, Fig. 10.9 a). A circular black spot of 
1 — 1 4 -i 

L CJ glycine is surrounded by a rather diffuse ring of translocation 

in the tissue. When white parts can take up food from green parts, the 

stopping of import is probably due to a stop in phloem-unloading. 

There are exceptions where unloading is not stopped in mature 

leaves. White leaves on a variegated Hedera, in the authors glasshouse 

lasted a whole season and in a low Euonymus with variegated leaves and 

white leaves on white twigs, the white leaves also kept well for the 
whole season. Experimenting with detached sugar-cane leaves with a 
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C02 label on the base in light, Hartt (1965) observed that darkened 

tips became active, thus a source reverted to a sink. In Zebrina, the 

white strips on the leaves can be fed by bundles coming from the stem 

(Crafts and Crisp 1971, Fig. 6.2). 

The role of hormones in regulating distribution of assimilates 

within the plant is still far from clear. In an extensive review, 

Phillips (1975) discussed the significance of the role of hormone-di

rected transport of metabolites, including hormones themselves. Al

though Quinlan and Weaver (1969) found that benzyladenine can reverse 

the assimilation stream from grapevine leaves from export to import, 

and Sutcliffe (1976) showed that kinetin regulates transport in leaf-

tissue (p. 411, Fig. 10.9 c. even from one half to the other), it is 



more generally accepted that auxins, particularly indoleacetic acid, 

are primarily involved in regulation of long-distance movement of as

similates. Recently the suggestion was made (Wareing, 1978) that auxins 

are involved in phloem unloading near the region of a sink. 

Flowers 

Leaves without chlorophyll in petals or perianth flowers cannot 

make their own photosynthates and must depend on import, thus unloading, 

at least during development. Vonk (unpublished) fed detached Iris stems 
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with flowers on [_ C j sucrose in successive stages of development. He 

observed that after a certain stage, the flower tissue showed no label. 

In autoradiograms the tissue was white, though some fine lines were 

visible at the sites of vascular bundles. In monocotyledons the vascu

lar bundles have adjacent xylem and phloem. Sugars introduced to the 

xylem are taken up by the phloem (Tammes et al. 1973 for Yucca). As 

flowers transpire, xylem transport will continue in all phases. When 

no label is found in the flower leaves, it must have disappeared from 

the xylem. Xylem transport can be proved by using a dye that is not 

readily taken up by the phloem, e.g. a 11 solution of acid fuchsin in 

water. 

There seems to be some parallel between the white leaves on varie

gated plants and flowers. When unloading stops, as in Vonks experiments, 

they die of starvation. 

Remarkable is that green calyx leaves containing chlorophyll, of

ten persist long on the plant, e.g. strawberries. Dahlia viridiflora 

with green leaves in its flowerheads can keep from summer to November, 

till the plants are cut down (Witte 1883). In tulips, it sometimes hap

pens that one of the perianth leaves is green and looks more like a 

stemleaf and it then stays on the flower for a considerable time. 
14 

Nichols and Ho (1975) after feeding ]_ C J sucrose to petals of 
carnation, found an export to other flower parts, which was enhanced 
by ethylene. In a review of research on mineral transport in flowers, 



Fischer (1967) states that mobile minerals are transported from flower-

leaves at a certain stage (through the phloem), as in senescent common 

leaves. It is, however, quite possible that senescence is induced by 

starvation and the question must be asked which comes first. 

Schumacher (1967) speaks of a reversal of transport in flower-leaves 

for carbohydrates and minerals at a certain stage of development, thus 

a turning point. 

Nichols (1973) determined the sugar content of carnation petals 

on successive days. For flowers in water, there was indeed a decrease, 

as expected. But in a sugar solution, an increase in glucose and 

sucrose was observed. Though the flowers keep much longer on sugar, 

they ultimately wilt notwithstanding the high sugar concentration in 

their petals. This indicates that another form of senescence may occur. 

Here there is possibly a difference from white leaves of variegated 

plants, though one does not know where sugar is accumulated. Benzyl-

adenine (BA) applied after cutting to stems with leaves of carnations, 

can prolong vase life by 3-5 days, irrespective of whether they were 

in water or sugar solution (Heide and 0dvin 1969). 

It seems that dying or shedding of white leaves on variegated 

plants is a matter of senescence induced by starvation. They cannot 

produce their own photosynthates, and, at a stage when unloading stops, 

they starve. It is thus not a matter of senescence as in leaves at the 

end of the growing season. 

For flowers, it is probable that starvation and possibly another 

form of senescence both occur. Maybe the formation of ethylene plays a 

role. 

Conclusions 

It is argued that phloem loading and unloading are separate pro

cesses that can occur together concurrently in a tissue. The one that 

prevails determines whether a source or sink is present. Along the 



translocation path, a situation of balance can be supposed. In leaves, 

the unloading can come to a stop, or import into the tissue fails. In 

leaves without chlorophyll, this leads to early senescence and death 

by starvation, due to the absence of photosynthates. It is different 

from senescence in autumn. A parallel is drawn with petals or perianths, 

without chlorophyll, in flowers. 
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