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The rap id ity  and  convenience o f the  pressure cham ber technique for estim ating 
leaf w ater potentials, especially under field conditions, has been rem arked (Boyer 
1967; K aufm ann 1968a, 19686) and  dem onstrated (Klepper and Ceccato 1969). 
However, K aufm ann (1968a) showed th a t  i t  is necessary to  exercise caution in 
using m easurem ents made w ith the pressure cham ber as direct estim ates of leaf 
w ater potential. Instead, he recommended th a t  calibration curves shoiild be drawn 
up  for each species, relating m easurem ents of xylem pressure potential obtained 
w ith th is technique to  corresponding known leaf w ater potentials. The present 
com m unication reports such a  relation for tom ato  leaves, which have not previously 
been studied in  th is way. P lan t age is shown to  affect the relation.

R efcn tly  fully expanded leaves of well-watered tom ato  p lants {Lycopersicon 
escuhrUum Mill cv. Gros Lis), sown on Janua^^ 21, 1969, were brought from th e ^  
field to  the laboratory  in polythene bags in  a therm ally insulated container. Xylem 
pressure potential was m easured w ith the pressure cham ber; th is was followed by  a 
m easurem ent of lea f w ater potential w ith a  Peltier-cooled thermocouple psychrometer, 

/lls in g  a subsample of tissue from th e  same leaf. Ftllt'^^perim ental details of these 
techniques were g i v e n K l e p p e r .  and  Ceccato (1969). Some leaves were allowed to  
dry  in  th e  laboratory  for up to  an hour before sampling in order to.<5t)tain a range 
o f w ater potentials. * y

Figure 1 shows re su l^  of th is  procedure, carried ou t on tw 6 separate occasions. 
On both  occasions leaf w A er potential and  xylem pressure' potential were linearly 
related  (r^ =  0*8628 for/M arch 23 and 0*9884 for 23, 1969, respectively). 
Similar linear relations have beecu»btainedH!55t.Kaufmann (19686) for leaves of Valencia 
and  W ashington Navel oranges. A t least approxim ately linear relations between 
these tw o potentials have also been obtained by K lepper and  Ceccato (1969) for 
leaves of pears, apricots, and  W ashington Navel oranges, and  by Boyer (1967) for 
leaves o f sunflower, rhododendron, and yew. However, considerable departures 
from linearity  can occur, as K aufm ann (1968ct)^8howed for leaves of northern red oak 
and  white oak. ,

Figure 1 also shows th a t  the slopes of th e  regression lines dilfered between the 
tw o occaaictns, th e  slbpe (0*59) for leaves from the younger p lants being less th an  th a t  /  
(0-93) for leaves from  plants a m onth older. This difference in  slope was shown to  
be significant a t  th^  0-05 level by S tuden t’s t-test. The tw o sets of da ta  therefore
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cannot be pooled and  it  follows th a t  the relationship between th e  tw o potentials 
shifts w ith p lan t age. I t  is therefore necessary to  check the relation from tim e to  tim e. 
Possibly once a  m onth would be adequate, since th e  t-test was only ju st significant 
a t  th e  0*05 level. A somewhat similar situation was reported by  K aufm ann (19686) 
for leaves of citrus although he was prim arily concerned w ith the effect of leaf age 
ra ther th an  p lan t age. In  bo th  W ashington Navel and Valencia orange leaves he found 
th e  slope of the  line for leaves nearly a year old was higher th an  th a t for young leaves 
which had  not quite reached m ature size. Such data  alone do not offer an explana­
tion  of th e  increase in slope w ith tim e. However, K aufm ann’s results m ay be expli­
cable in term s of change in the  strength  of th e  cell wall and in th e  perm eability of cell 
membranes to  water which m ay occur as leaves age (Knipling 1967). Our results, 
on th e  other hand, could be due ra th e r to  the increase in  dry  weight of leaves of the 
same physiological age th a t  occurs as a crop ages (W eatherley 1950).
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Fig. 1.—Two comparisons of psychrometer measurements of leaf water 
potential (Xi) with pressure chamber measurements of xylem pressure poten­
tial (X2) for tom ato leaves, made 2 months apart, x Readings for March 23, 
1969. Regreasionequation: X i =  —1-21+0-69X 2; r® =  0-8628. o Readings 
for May 23, 1969. Regression equation : X i =  — 1 • lO-fO-93X 2; =  0-9884.

Two points arise from the observation (Fig. 1) th a t all experim ental xylem 
pressure potential values were more negative than  th e  corresponding leaf w ater 
potentials. F irstly , it would seem profitless to  convert pressure potentials to  to ta l 
potentials before comparing them  w ith leaf w ater potentials, by including th e  osmotic 
potential of the xylem sap, as did Boyer (1967), since th is would only increase the 
difference between the two sets of potentials. K aufm ann (1968a, 19686) observed a 
similar tendency in his da ta  and  reached the same conclusion. Secondly, the fact th a t



pressure potentials were considerably lower than  w ater potentials, suggests th a t 
either th e  psychrom eters were reading spuriously high or th e  pressure cham ber was 
reading spuriously low. Factors which m ay cause psychrom etric measurements of 
leaf w ater potential to  be spuriously high include effects due to  heat liberated by  the 
respiring tissue (Barrs 1964) and  leaf resistance to  w ater vapour transfer (Boyer and 
Knipling 1965). A correction for the  former effect was made (Barrs 1965) and the 
la tte r appears unlikely to  be im portan t in practice, especially w ith Peltier-cooled 
psychrom eters (Barrs 1968). K lepper and Ceccato (1969) reported w ater potentials 
o f relatively tu rg id  leaves of grape and pear to  be lower th an  corresponding pressure 
potentials. They suggested th is was due to  secretion of salt onto th e  surfaces of the 
leaves during equilibration in the psychrom eter chambers, which has been shown 
to  occur w ith cotton leaves (Klepper and  Barrs 1968). This appears to  be an unlikely 
source of error in th e  present m easurem ents, since, as already noted, leaf w ater 
potentials were higher th an  corresponding pressure potentials. Furtherm ore, the 
tom ato leaf w ater potentials were observed to  rem ain constant over a considerable 
period (14 hr). H ad  there been any salt secretion, leaf w ater potentials would likely 
have drifted  downward w ith time.

I t  seems reasonable to  infer th a t th e  leaf w ater potentials were accurate and 
m ay be used as a standard  w ith which to  compare the pressure potentials. In  other 
words, th e  pressure potentials were probably spuriously low (too negative). This 
general conclusion was also reached by Boyer (1967) and K aufm ann (1968a, 19686). 
These workers suggested the effect was due to  resistance to  m ovem ent of w ater through 
th e  xylem tow ard the cut surface, as a result of compression of the vascular tissue, 
which would cause the application of greater pressure th an  required.

In  sum m ary, tom ato  leaf w ater potentials m ay readily be estim ated from 
pressure potentials, especially since the tw o are linearly related. However, calibration 
of pressure potential against leaf w ater potential is necessary because pressure 
potential values are spuriously low. P lan t age affects the calibration, hence calibra­
tion needs to  be repeated from tim e to  time.
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