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Summary. The electrical potential difference across the sieve plates in the 
primary phloem of Vitis vird/e~'a was measured by inserting micro-electrodes into 
the sieve-tubes. The values obtained ranged from 4 ~ 8  inV. Tbe potential across 
the transverse walls of the phloem fibres was also determined and found to range 
from 1--11 inV. These results are dlseussed in relation to the theory of translocation 
based on electro-osmosis put forward independently by FE?CSO~I and SPa~Nnm 

Introduction 

Electron microscope studies show tha t  the pores in sieve plates are 
filled with parallel f i laments  l inking adjoining sieve elements (KoLLI~A~N, 
1960). The resistance of the pores to a flow of solution brought  about  
by  a hydrosta t ic  pressure developed across them would therefore be 
expected to be high. Diffusion is inadequate  to account  for the velocities 

of t ranslocat ion and  the rates of mass t ransfer  of sugar t ha t  have been 
observed in m a n y  species. This suggests tha t  energy mus t  be expended 
at  each sieve plate to t ranspor t  the sugar from cell to cell. FE~so~  
(1957) and  SPA~ER (1958) independen t ly  pu t  forward theories to explain 
t ranslocat ion based upon mass flow across the sieve plate by  electro- 
osmosis. Electro-osmosis has the a t t rac t ion  of reconciling the presence 
of an active t ranspor t  at  the sieve plate with the evidence tha t  sugar 
moves in the sieve tubes  as a solution (WEaTHER.LEu PEEL and  HmL, 
1959; ZIEGLEU and  VI~wnG, 1961). However, for electro-osmosis to 
occur a potent ia l  mus t  be generated across the sieve plate. This paper  
describes an a t t emp t  to detect  such a potent ia l  in the p r imary  phloem of 
the vine. 

Materials and Methods 
Hand cut longitudinal sections from the current season's stems of Vitis vini/era 

(var Black Hamburg) were taken during August and September. The freshly cut 
sections were immersed in 0.25 M sucrose following the procedure of Esau, CuRt~IEa 
and CHEADLE (1957). Sections about 1 cm long with a band of primary phloem 
along one edge were selected for investigation. 

Two rubber strips from a rubber band were fixed with "Bostik" adhesive about 
5 mm apart ~cross a 2 cm sq. coverslip. About 1 mm of each strip was left without 
adhesive at the edge of the coverslip and the selected section was inserted between 
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the strips and the coverslip at this point. The section was thus held a little way 
in from the edge of the coverslip with the longitudinal band of phloem outermost. 
The coverslip was then placed on a slide and the open ended chamber thus formed 
between the rubber strips was flooded with 0.25 M sucrose solution. The slide was 
then placed under the microscope with the section facing the open side of the stage. 

Mieropipettes with a tip diameter of 1--2 ~z were made using a Palmer electrode 
puller and were filled with 3N  KC1 by heating them in the potassium chloride to 
boiling point and then allowing them to cool under reduced pressure in a vacuum 
dessicator. Suitable micropipettes were then connected to a pair of calomel electro- 
des by nylon tubing filled with 3N  KC1. The complete electrodes were connected 
to a "Vibron" electrometer. If  the zero error of the electrodes was greater then 
5 mV the micro-pipettes were discarded. 

The micro-electrodes were inserted into the phloem using a pair of Singer mark 
I I I  micro-manipulators at a microscope magnification of • 800. Satisfactory illu- 
mination of the specimen was achieved using a substage condenser with a focal 
length of 11 mm. 

Results 

A d i rec t  m e a s u r e m e n t  of t h e  p o t e n t i a l  across  t h e  s ieve p l a t e  was  

a c h i e v e d  b y  in se r t ing  an  e lec t rode  in to  t h e  s ieve e l e m e n t  on each  side 

of a s ieve  p la t e  as shown  in Fig .  1. The  resu l t s  f r o m  e igh t  s ieve p la tes  

are  shown  in  T a b l e  1. 

U n f o r t u n a t e l y  i t  was  n o t  a lways  possible  to  inse r t  t w o  e lec t rodes  

in to  t h e  p h l o e m  a t  once because  t h e  i n se r t i on  of t h e  second  e lec t rode  

Fig. 1. Two micro~electrodes inserted into a sieve-tube on each side of a sieve plate 
in the primary phloem of Vitis. • 300 
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of ten dis lodged the  first.  W h e n  this  happened  the  po ten t i a l  be tween 
each sieve e lement  and  the  ba th ing  solut ion was measured  sepa ra te ly  and  
the  po ten t i a l  across the  sieve p la te  ob ta ined  ind i rec t ly  f rom the difference 
be tween the  two values.  Calcula ted  poten t ia l s  
for t en  sieve p la tes  and  the  sieve e lement  
po ten t ia l s  f rom which t hey  were ob ta ined  
are shown in Table  2. 

The di rec t  measurements  of the  sieve 
p la te  po ten t i a l  range f rom 4 - - 3 5  mV and  
the ca lcula ted  values  from 9 ~ 4 8  inV. I t  can 
be seen f rom Table  2 t h a t  whils t  most  of 
the  po ten t ia l s  be tween the  sieve e lement  
and  the  ba th ing  solut ion were negat ive ,  some 

Table l. Potentials (mV) 
across 8 sieve plates in the 
primary phloem o/ Vitis 

vini/era 

18 10 
4 14 

22 35 
30 17 

posi t ive  values  were recorded.  The l a t t e r  were closely checked before 
t h e y  were accepted .  They  remained  posi t ive  and  s t eady  even when the 
e lect rode was moved  fu r the r  in to  the  cells. 

Po ten t i a l s  in the  ph loem fibres immed ia t e ly  ad jacen t  to  the  sieve 
tubes  were also measured.  These fibres have  th in  cross walls and  the  

Table 2. Calculated sieve plate poten- 
tials (mV) in the primary phloem o/ 

Vitis vini/era 

Table 3. Potentials (mV) /rom 
6 phloem/ibres o/ Vitis 

Potential Potential between 
Sieve element Calculated across fibre and 

sieve plate transverse outside solution 
a b potential walls 

--13 --44 31 
--29 - - I i  18 
--19 --i0 9 
--52 --14 38 
- -  8 --23 15 
--19 +18 37 
--25 --20 5 
--12 +36  48 

9 -~22 31 
15 + 5 20 

1 § 1 
2 + 2 

II 5 
4 --13 
6 4 
5 - - 3  

poten t i a l  across some of these was measured  b y  inser t ing micro-electro-  
des on each side of the  cross wall  as shown in Fig.  2. The po ten t i a l  bet-  
ween the  fibre cells and  the  ba th ing  solut ion was also de te rmined .  
Table  3 shows the  resul ts  for six fibre cells. 

The poten t ia l s  of the  fibres were genera l ly  much lower t han  those 
for the  sieve tubes  and in most  cells appea red  to be zero af ter  t ak ing  
into  account  exper imen ta l  error. 
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Fig. 2. Micro-electrodes on each side of a cross wall in a phloem fibre of Vit is .  • 300 

Discussion 

Although the potentials across the sieve plates differed w~dely, the 
size of the potential seems to be too great to be accounted for by experi- 
mental error. This is clear from the results obtained from the phloem 
fibres which served as controls. The fibres eventually become lignified 
and die but the potentials were measured when they were apparently 
alive as they still contained cytoplasm. The presence of a potential across 
the sieve plate indicates a barrier to diffusion and so supports the evi- 
dence of KOT,L~A~ (1960), HEPTO• and Pn~STON (1960) and later 
workers (see review by WEATH]~RLEu and J o ~ s o ~ )  that  the sieve pores 
are filled with cytoplasm. The potential between the sieve element and 
the bathing solution is in accord with the results of ESAU, CURRIER 
and CH~ADLE (1957). They were able to plasmolyse the sieve tubes 
of vine and other species and this is good evidence that at least one barrier 
to diffusion lines the longitudinal walls. 

SPANZC~R (1958) suggested that the potential required across the 
sieve plate for electro-osmosis to occur could be brought about by a 
local circulation of potassium ions. Subsequently, PEEL and W~AT~ER- 
L~Y (1959) found that  the phloem sap obtained from willow using aphid 
mouth parts contained up to 0.5 M potassium. If  a potassium concentra- 
tion of 0.25 M in the phloem sap and a potential of 50 mV across the 
sieve plate are assumed it can be calculated that  electroosmosis will 



Potential Across the Sieve Plates 25 

bring about a pressure difference of 0.1 atmospheres. This figure is similar 
to the values calculated by SPA~-NEn (1962) and WEATHERLEY (1963) 
from the amount of respiratory energy which appears to be available. 
WEATHERLEH and JOHNSON (1968) have calculated, using a formula 
derived by SPANI~ER, that the pressure drop across each sieve plate 
would be 0.14 atmospheres if a translocation rate of 100 cm/h is assumed 
and also that the sieve pore is assumed to be traversed by parallel fila- 
ments 100 ~ thick and 200 A apart. The potentials in the phloem of 
vine appear therefore, to be of the right order to sustain an electro- 
osmotic flow at the rates required. 

For electro-osmotic flow to occur in one direction over long distances 
however, Spanner's theory requires that all the sieve plates in a file of 
sieve elements be polarised in the same direction. I have so far not been 
able to ascertain if this is so in the phloem of vine but observed that 
where the potentials of a number of sieve plates were measured in the 
same section they were all polarised in the same direction. There does 

not appear to be an accumulation of potentials along the phloem as 
the potentials between the sieve elements and the surrounding medium 
were of the same order as those across the sieve plates. It seems that the 
sieve plate potentials must be cancelled out by a gradual decline in poten- 
tial down each sieve element. Spanner suggested that the turgor pressure 
follows a similar sawtooth pattern and this is borne out by experiment 

as there does not appear to be a detectable gradient of turgor pressure 
down the phloem (KAuFMA~= and KaA~E~, 1967). 

Although the results presented here, taken together with the evidence 
from electron microscopy, appear to lend support to the electro-osmosis 
theory, there are some disadvantages to the technique which must be 
borne in mind. The phloem is known to be a sensitive tissue and besides 
actually stopping translocation the cutting of the sections may have 
caused important changes in the tissue. Furthermore, due to the diffi- 
culty of inserting the micro-electrodes, a considerable time sometimes 
elapsed (up to 3 h.) from when the sections were taken to when the mea- 
surements were made. The positive potentials in some of the sieve ele- 
ments must also be looked upon with some suspicion and they need to be 
repeated. If they are found to be natural then they may turn out to be 
important in our eventual understanding of the translocation mechanism. 

I am most grateful to Dr. I~. P. C. JOKNSON for valuable technical advice. 
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