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The fynbos shrub Leucadendron salignum (Proteaceae) was used to study the effect of sodium and 
potassium supply in the nutrient medium on its growth and cation content. The plants were not highly 
sensitive to sodium, and lUxury absorption of potassium was found with higher potassium supply, which was 
probably then used to maintain growth during a six-month period of potassium deficiency and sodium supply. 
Short-term absorption studies using excised roots showed active potassium and sodium absorption even 
when both ions were supplied together, especially from the low-concentration range. Potassium absorption 
was higher than that of sodium, and uptake by proteoid roots greater than that by ordinary roots . 

Die fynbosstruik Leucadendron salignum (Proteaceae) is gebruik om die invloed van natrium- en 
kaliumvoorsiening in die voedingsmedium op die groei en katiooninhoud daarvan te ondersoek. Die plante 
was nie besonder gevoelig teenoor natrium nie, en 'n oorvloedige opname (lUXUry absorption) van kalium het 
by hoe kaliumvoorsiening voorgekom, wat waarskynlik aangewend is om groei te onderhou gedurende 'n 
periode van kaliumtekort en natriumvoorsiening wat ses maande geduur het. Aktiewe natrium- en kalium
opname is met korttermyn-opnamestudies met afgesnyde wortels aangetoon, selfs wanneer albei ione gelyk
tydig voorsien is, en veral in die lae-konsentrasiegebied. Kaliumopname het natriumopname oortref, en 
opname deur proteo"lede wortels was hoer as die deur gewone wortels. 
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Introduction 

An investigation of the relationship between the cation 
content of the soil and the leaves of 111 species of the 

Proteaceae (WaIters 1980) was of interest with respect to 
potassium and sodium. Throughout, the potassium content 

of the leaves was far below the value generally considered 
essential for normal growth, while the majority of the 

species investigated (63%) contained more than the 'normal' 
sodium concentration of 8.70 - 87.0 mmol.kg-1 (Hewitt & 
Smith 1975) in their leaves. While most of the plants 
collected were found on soils with a low potassium and 
sodium content, a few were found on soils with a potassium 
and sodium content characteristic of those soils on which 
halophytes occur (Beadle et al. 1957). The Na:K ratio of 
most soils sampled was typical of that of soils on which 
halophytes occur (Beadle et al. 1957), and the ratio in the 
leaves of most plants investigated was high, as in the case of 
halophytes (Beadle et al. 1957). This suggests that these 
plants are not extremely sensitive to sodium, and that 
sodium may partially substitute for potassium. 

Some investigators like Cope et al. (1953) considered 
sodium to be an essential nutrient element if the plant 
showed a favourable growth response to this element in the 
presence of a sufficient amount of potassium. If the plant 
reacted favourably to sodium application only when the 
potassium supply was inadequate, it was considered possible 
that sodium served as a substitute for potassium. Sodium has 
been shown to be essential in several C4-species (Brownell 
& Crossland 1972; Boag & Brownell 1979). 

In this investigation the effect of exposure to various 

Na:K ratios on the growth and cation composition was 
studied in intact Leucadendron salignum plants in an 
attempt to determine whether sodium could at least partially 
substitute for potassium in this species and whether the 
plants were sensitive to sodium or not. Short-term 
absorption studies using excised roots were carried out to 

see if active sodium absorption occurred and if absorption 
by proteoid roots was higher and more active than that by 

ordinary roots. 

Materials and Methods 
Due to its wide distribution in fynbos (Williams 1972), 

Leucadendron salignum was chosen as a representative of 

the Proteaceae for this study. The Proteaceae is one of the 
three families which indicate the presence of fynbos (Taylor 
1972). 

Seven-week-old seedlings grown from seed supplied by 
the National Botanic Gardens, Kirstenbosch, were planted in 
IS0-mm plastic pots filled with acid-washed sand and kept 
in a greenhouse under conditions of natural day length. 

Over a period of 25 weeks the plants were watered twice 
weekly with quarter-strength complete nutrient solution 
(Table 1). This solution was modified from that of Hoagland 

(Epstein 1972) so as to contain both N03" and NH; as 
Proteaceae apparently have a limited ability to utilize N03" 
(Lewis & Stock 1978; Stock & Lewis 1982; Heinsohn 1987) 
and can use NH; which may be more available to them in 
the field (Claassens 1980; Stock & Lewis 1984). 
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Sodium and potassium absorption by intact plants 

At the age of 32 weeks differential treatments were applied, 
consisting of the application of quarter-strength nutrient 
solutions (Table 1) in which the sodium and potassium 
concentrations were as shown in Table 2. Aliquots of 250 
cm3 were added to each plant twice a week. The five 
treatments (Table 2) were replicated five times in a random 
block design. 

The plants were harvested after 25 weeks of differential 
treatment. A distinction was made between the older and 
younger shoots on harvesting, viz. shoots present when the 
treatments began and those that had developed subsequently. 
The root systems were thoroughly washed under running tap 
water, then rinsed in distilled water. The roots and shoots 
were separated and the fresh mass of the shoots as well as 
the dry mass of the roots and the shoots were determined. 

Subsequent to digestion in a mixture of nitric and 
perchloric acids, the concentrations of sodium and 
potassium were determined (flame photometry) as well as 
the calcium and magnesium concentrations (atomic 
absorption spectrophotometry) according to the methods of 
Allen (1970). 

Sodium and potassium absorption by excised roots 

Root systems of plants grown in sand culture as described 
above were thoroughly rinsed in distilled water and the 
young tips of ordinary roots and clusters of proteoid roots 

Table 1 Modified Hoagland macronutrients for nutrient 
solution (micronutrientswere also supplied) 

Concentration Stock per dm3 

of stock of final 
Compound solution (M) solution (cm~ 

(N~)2S04 1.0 5.0 

K2S04 and/or Na2S04 0.5 4.0 
KN03 and/or NaN~ 1.0 3.0 

Ca(N03)2.4H2O 1.0 3.0 

N~H2P04 0.5 2.0 
KH2P04 and/or NaH2P04.2H2O 1.0 1.0 
MgS04·7H2O 1.0 1.0 

Table 2 Na:K replacement series: element concentra-
tions in the nutrient medium (mol.m~) 

Treatments II III IV V 
Na:K ratio 0:1 1:3 1:1 3:1 1:0 

Na 0 2 4 6 8 
K 8 6 4 2 0 
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were excised. Root samples in dual compartment gauze bags 
(to ensure subjection of the two root types to identical 
experImental conditions) were prepared and placed in an 
aerated intermediate solution containing 0.5 mmo1.dm-3 

CaS04 at 30°C as previously described (Vorster & Jooste 
1986). 

The experimental solutions contained different Na:K 
ratios or a wide concentration range of either sodium or 
potassium. NaCl and/or KCI in 0.5 mmol.dm-3 CaS04 
solution were used throughout for the preparation of 
experimental solutions and desorption media. llNa and 86Rb 
(the latter as marker for 42K) were used as tracers (obtained 
from the Radiochemical Centre, Amersham). Absorption 
was allowed for one hour at 30°C. 

Following removal from the experimental solutions, the 
samples were rinsed for a total of one minute in a series of 
four beakers, each containing 200 cm3 deionized water. 
Where a desorption treatment was employed (to distinguish 
between active and passive absorption), the samples were 
subsequently placed in an aerated desorption medium which 
was identical to the experimental solution, except that the 
tracer was om illed and the temperature was kept at 2°e 
(Jooste & De Bruyn 1979). Following the above treatments, 
the samples were allowed to dry on absorbent paper. The 
roots were then removed from the bags and dried at 80°C 
for 16 h. The samples were wet-ashed, analysed radio
metrically and the potassium and sodium absorption calcu
lated as previously described (Vorster & Jooste 1986). The 
mean and standard error were calculated for each treatment. 

Results and Discussion 

Sodium and potaSSium absorption by intact plants 
No significant differences in plant growth were found with 
the different treatments (Table 3). There is apparently con
siderable genetic variation which would have contributed to 
the high standard errors. This is not unusual, especially in 
wild stock (Asher & Ozanne 1977; Marschner et al. 1981). 

From Table 4 it is clear that the sodium concentration 
increased and the potassium concentration decreased as the 
Na:K ratio in the growth medium increased. This was true 
for leaves, stems and roots . An investigation of five crop 
species (McLean 1956) involved a similar replacement of 
potassium' by sodium on an equivalent basis. A decrease in 
potassium content of the shoots with a decrease in 
potassium supply was obtained throughout. However, only 
in the case of celery, a species which according to Truog el 

al. (1953) metabolically utilizes sodium, was this trend as 
marked as in L. salignum. It is noteworthy that the 
potassium concentration of L. salignum is much lower than 
that of all the crop species in McLean's study. Marshner et 

Table 3 Tissue mass (in grams) of Leucadendron salignum plants grown at various 
Na:K ratios (x ::':: sn where sn is standard error) 

Treatments 

II III IV V 

Shoots, fresh 49.8 :t 15.7 41.9 :t 6.7 46.2 :t 8.0 51.5 :t 24.1 38.7 :t 2.8 
Shoots, dry 16.5 :t 5.1 12.9 :t 2.0 16.0 :t 2.4 15.8 :t 3.6 12.8 :t 1.2 
Roots, dry 2.03 :t 0.36 1.40 :t 0.32 2.60 :t 0.61 2.54 :t 0.57 2.14 :t 0.40 
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Table 4 Cation concentration (in mmol.kg-1) of Leucadendron salignum tissues at 
various Na:K ratios in the growth medium (x ± sn where sn is the standard error) 

Cation 
Na:K 

Tissue Treatment Ca Mg Na K ratios 

Young leaves 91.8 ~ 9.5 64.6 ~ 9.5 25.7 ~ 1.7 554.4 ~ 77.4 0.05 ~ 0.02 
II 91.8 ~ 11.5 64.0 ~ 8.1 168.8 ~ 13.0 458.5 ~ 25.6 0.43 ~ 0.07 
III 115.0 ::+:: 7.7 78.2 ~ 11.5 337.5 ~ 24.2 363.7 ~ 31.7 0.94 ~ 0.D3 
IV 102.5 ::+:: 16.2 66.6 ~ 
V 94.1 ~ 10.2 50.6 ~ 

Young stems 44.7 ~ 5.5 40.7 ~ 
II 41.7 ~ 10.0 43.2 ~ 

III 33.9 ~ 8.0 37.0 ~ 
IV 42.2 ~ 9.5 44.4 ~ 
V 41.7 ~ 11.0 34.6 ~ 

Roots 69.1 ~ 17.0 15.2 ~ 
II 67.1 ~ 22.7 18.5 ~ 
III 92.8 ~ 30.2 14.8 ~ 
IV 136.2 ~ 56.9 23.0 ~ 
V 71.9 ~ 9.7 19.3 ~ 

al. (1981) showed a remarkable replacement of potassium 
by sodium in a study involving sugar beet. 

McLean's (1956) study also involved root and shoot 
sodium. In all species there was an increase in root sodium 
concentrations with increased supply, and root sodium con
centrations were generally much higher than shoot sodium 
concentrations. The shoot sodium concentrations even 
remained constant in same species. The exception again was 
celery where the shoot and root sodium concentrations were 
similar, and both showed a marked increase with an increase 
in sodium supply, as in the case of L. salignum. This may 
point to a lack of either the ability to confine sodium to the 
roots or the necessity for this, in the case of L. salignum and 
celery. It is generally accepted that it is necessary to limit 
sodium transport to the leaves in plants where these are 
sensitive to high sodium concentrations, and that at higher 
levels of supply, massive translocation occurs and the shoot 
dies (Jacoby 1964, 1965). This suggests that sodium can 
readily substitute for a portion of the potassium in L. salig
num and that this species is not extremely sodium-sensitive. 

It is often difficult to predict field situations from 
laboratory work. For comparative purposes the cation con
centrations of young fully expanded leaves from 50 L. 
salignum plants from 20 different field sites extending from 
Van Rhynsdorp in the north to Willowmore in the east, are 
given (Table 5). Comparison with Table 4 shows relatively 
similar concentrations for calcium and magnesium. How
ever, the sodium content of the plants in the field is similar 
to those in treatment II: all experimental plants had a higher 
potassium content than those in the field. This suggests that 

Table 5 Cation concentration (in mmol.kg-1 ) and Na:K 
ratio of Leucadendron salignum leaves from the veld (n = 

50; x ± sn where sn is the standard error) 

Cation 
Na:K 

Ca Mg Na K ratio 

110.0 ~ 6.7 67.9 ~ 2.5 207.5 ~ 0.7 52.4 ~ 0.3 4.24 ~ 0.19 

2.1 375.4 ~ 30.0 232.5 ~ 38.4 1.75 ~ 0.29 
7.4 535.0 ~ 34.4 84.1 ~ 22.2 6.99 ~ 1.28 

9.5 20.4 ~ 0.9 532.5 ~ 48.6 0.D3 ~ 0.02 
4.1 107.4 ~ 14.4 370.8 ~ 53.2 0.29 ~ 0.03 
4.1 162.2 ~ 15.2 289.2 ~ 28.6 0.58 ~ 0.05 
4.1 236.6 ~ 30.0 183.6 ~ 32.0 1.39 ~ 0.20 
7.0 334.1 ~ 45.7 52.4 ~ 10.2 4.92 ~ 1.17 

2.5 23.1 ~ 5.7 283.9 ~ 41.2 0.09 ~ 0.02 
1.6 118.7 ~ 40.9 235.8 ~ 29.2 0.66 ~ 0.17 
1.2 181.8 ~ 18.3 197.9 ~ 20.7 0.78 ~ 0.10 
2.9 
3.7 

274.9 ~ 21.7 173.9 ~ 16.1 1.62 ~ 0.17 
166.6 ~ 29.1 35.8 ~ 5.1 4.63 ~ 0.34 

we were dealing with a lUXUry absorption of potassium in 
the experiment, as even after 25 weeks without potassium 
(treatment V) the potassium concentration of the experi
mental plants was still greater than that found in the field. 
This may be similar to the situation found in the early stages 
after a fire for nitrogen and phosphorus in some chaparral 
shrubs (Rundel & Parsons 1980). 

It seems that in spite of 25 weeks' seedling growth with
out potassium, potassium deficiency was not experienced 
and it is still not demonstrated without doubt that these 
plants can partially substitute sodium for potassium, though 
this seems likely. It is clear that they are not extremely 
sensitive to scxlium. Concerning calcium and magnesium, 
Table 4 shows that the concentration of these elements in 
the different plant parts was not significantly affected by the 
various Na:K ratios in the growth medium. 

Sodium and potassium absorption by excised roots 
Figures 1 and 2 show the rate of sodium and potassium 
absorption from experimental solutions in which the total 
concentration of the two elements was maintained at 1 
mol.m-3 throughout but the ratio of sodium to potassium 
was varied as follows: 1:0, 3:1, 1:1, 1:3 and 0:1. The rate of 
potassium absorption is clearly higher than that of sodium 
absorption. This applies both in the presence and in the 
absence of a desorption treatment. Where the latter was 
applied, the amount of sodium in the roots was depleted to a 
greater extent than the amount of potassium (an average of 
approximately 65% against 45%), indicating a greater 
passive component in the case of sodium absorption. 

Although the potassium and sodium concentrations in the 
soil solution are normally in the so-called 'low' concentra
tion range (0 - 1 mol.m-3), the uptake of these elements was 
investigated over a wide concentration range which also in
cluded the 'high' concentration range (1 - 50 mol.m-3 ; 

Epstein 1972; Figure 3). 
Striking again is the higher rate of potassium absorption 

both in the presence and the absence of a desorption treat
ment, and in both low- and high-concentration ranges. As in 
the case of the foregoing experiment, desorption reduced the 
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Figure 1 Rate of absorption of sodium by excised roots of 
Leucadendron salignum from media with various Na:K ratios and 

total (Na + K) concentration constant; with and without desorption 
(f.Lmol.kg-l.h-l; x ± sn where sn is the standard error). 
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Figure 2 Rate of absorption of potassium by excised roots of 

Leucadendron salignum from media with various Na:K ratios and 
total (Na + K) concentration constant; with and without desorption 
(f.Lmol.kg-l.h-l; x ~sn where sn is the standard error). 
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Figure 3 Rate of sodium and potassium absorption by excised 

roots of Leucadendron sa/ignum from the low (0 - 1 mo1.m-3 ) and 

high (1 - 50 mol.m-3) concentration ranges; with and without de

sorption treatments (mmol.kg-I .h-I : x ~ sn where sn is the stan

dard error). 

sodium content more than that of potassium. In the low
concentration range this decrease in sodium and potassium 
amounted to 58% and 39% respectively, indicating again a 
greater passive component in the case of sodium uptake. It 
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is interesting to note that the greater amount of sodium and 
potassium was removed by desorption in the high-concen
tration range. The percentage of active absorption shows a 

significant negative correlation with medium concentration 
in the case of sodium (r = -0.687; P < 0.02) and a highly 
significant negative correlation in the case of potassium (r = 

-0.938; P < 0.005). This indicates that the passive 
component of absorption of both elements increased as the 
concentration of the external medium became higher, while 
the metabolic component apparently reached saturation 
point, probably due to the optimal utilization of the carrier 
system. Conversely, a greater proportion of both elements 
was actively absorbed in the low-concentration range, which 
could be of importance in the nutrient-poor fynbos situation. 

In view of the finding that the presence of proteoid roots 
increased mineral salt absorption (Lamont 1982, 1983), the 
ability of these roots to absorb potassium and sodium was 
also investigated. The experimental solutions were identical 

to those used in the experiment on sodium and potassium 
uptake by ordinary (non-proteoid) roots from solutions with 

various ratios of potassium to sodium and a total 
concentration of 1 moI.m-3 • Due to a shortage of proteoid 
roots, absorption was not investigated under all the 
conditions previously used (Table 6). In the case of sodium 
the rate of absorption by proteoid roots exceeded that by 
ordinary roots (cf. Figure 1) even with a desorption 

treatment. The active component of protcoid roots alone 
exceeded total sodium uptake by ordinary roots. 

The greater ability of proteoid roots to absorb ions is also 
clearly demonstrated in the case of potassium absorption 

(Table 6, cf. Figure 2). The absorption by proteoid roots 
exceeded that of ordinary roots by more than an order of 
magnitude, except at the highest Na:K ratio: this trend is 
even more pronounced if the active component is 
considered. 

In comparison with ordinary roots it further appears that 
desorption removed a smaller fraction of the absorbed potas
sium from proteoid roots - approximately 16% compared 
to 45% in the case of ordinary roots. This indicates a greater 
extent of active absorption by proteoid roots. 

Thus active absorption of both sodium and potassium was 
found, but potassium absorption was greater than that of 

sodium. Proteoid roots increased the absorption capacity for 
sodium and potassium. A probable adaptation to their 

habitat situation where potassium is often in low supply, is 
the ability to carry out luxury absorption of potassium when 
it is available, for later use. 

Table 6 Absorption of sodium and potassium by 
excised proteoid roots of Leucospermum sa/ignum from 
experimental solutions having various Na:K ratios 
(Ilmol .kg-'.h-'; x ± sn where sn is the standard error) 

Element Na:K 

Na 

K 

1:0 
1:3 
0:1 
3: 1 

Desorption treatment . 

with without 

91.3 :!: 11.1 215.3 :!: 1.7 
57.4 :!: 0.9 

2923 :!: 13 4091 :!: 396 
982 :!:210 1315 :!: 51 
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