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INTRODUCTION 
The avocado root rot disease, Phytophthora cinnamomi, is a major problem to avocado 
growers. Considerable research has been done by plant pathologists to control the 
disease. Plant pathologists, plant breeders, and others have long been looking for new 
resistant avocado rootstocks. Recently Dr. G. A. Zentmyer mentioned in the California 
Avocado Yearbook that the Huntalas rootstocks (which is under test), a Mexican type 
obtained from Vista, California, might be resistant to root rot disease (11). 
According to U.S. Salinity Laboratory reports (9) avocado is considered to be a salt-
sensitive plant. Sodium and chloride accumulated in various plant parts of avocado—
even in a growth medium containing low salt concentrations. The symptoms of Na and 
Cl toxicity in avocado leaves are always associated with high Na and Cl concentrations 
(1, 4, 7, 8). No information is available regarding salt tolerance of the Huntalas variety in 
comparison to other rootstocks. Therefore, the experiments were conducted to examine 
the salt tolerance and mineral uptake of the Huntalas rootstock with other commercially 
grown rootstocks (at various salt concentrations in the irrigation water). 
 
MATERIALS AND METHODS 
Experiment 1: Four different varieties of avocados (Fuchs 20, Huntalas, Lula 3, and 
Mexicola) were studied in a glasshouse at UCLA. The rooted cuttings obtained from E. 
F. Frolich were established in 6 cm peat pots before planting. The seedlings were then 
transplanted to metal containers 12.5 cm in diameter and 14 cm deep. The mixture of 
1/3 krilium treated Yolo clay loam and 2/3 redwood sawdust was used as the growing 
medium. The plants were irrigated twice a day with distilled-deionized water (dd), dd 
with medium-salt water (10 me NaCl/L), and dd with high-salt water (20 me NaCl/L), 
each with 15 ppm N in the form of NH4NO3. Three plants were harvested at 7 weeks 
and three at 13 1/2 weeks after adding the treatments. The new leaves, old leaves, 
stem and root samples were taken, washed with 0.1 M HCl, then distilled deionized 
water, and dried in an oven. Dry weights were recorded and the samples prepared for 
analysis by emission spectroscopy (10). 
Experiment 2: In this experiment Huntalas rooted cuttings (H) vs. Hass grafted on 
Huntalas rooted cuttings (HH) were used to study the effect of salinity on growth, 



mineral content, and some physiological characters of avocado. The same salt 
concentrations (experiment 1) were used to irrigate the plants. Plants were under 
treatment for 13 1/2 weeks. 
Photosynthesis and transpiration were measured by gas exchange equipment with a 
modified Siemens null-point chamber (2). These studies were made at 25°C chamber 
temperature, 310 ppm CO2 concentration, and 33% relative humidity. The pressure 
bomb method was used for determining leaf water potential. Soil moisture was kept at 
field capacity. New and old leaves were harvested and prepared for analysis as in 
experiment 1. The Cl was determined by potentiometric titrimetry. 
 
RESULTS AND DISCUSSION 
Growth decreased in all four varieties as the salt concentrations were increased in the 
irrigation water (Table 1). Huntalas variety appeared to be more salt-sensitive than the 
others. Relative tolerance of the different avocado varieties was in the following order: 
Lula 3 
Fuchs 20 Mexicola Huntalas. Particularly in the root-rot resistant Huntalas variety, 
during the first four weeks, growth was normal and after that tip and slight marginal leaf 
burn were observed. Salt toxicity became worse after ten weeks of treatment. The 
symptoms were more pronounced on middle and old leaves of the plants. New growth 
was least affected by salts. In Mexicola, severe, in Fuchs 20 and Lula 3, slight toxicity 
was observed. The toxicity symptoms were similar to those described by Kadman (7, 8). 
The experiment was harvested at two different stages and the results noted in Table 1. 
At first stage (7 weeks under treatment) the Na concentrations were found to be almost 
negligible in the new leaves and only slight in the old leaves. Mostly the Na was 
associated with the roots and some translocation was observed in the stems. In Lula 3 
and Mexicola the Na concentration in the stems was higher than in Fuchs 20 and 
Huntalas. The Mn content in old leaves, stems, and roots increased as Na content 
increased in irrigation water. 
Although Huntalas was sensitive to salts, very little Na was found in top leaves (Table 
1). Salt injury then was not due to Na accumulation of either in roots. In the Huntalas 
and Fuchs 20 varieties, the Na was accumulated mostly in roots and stems. The 
Mexicola variety accumulated larger amounts of Na in new and old leaves than the 
other varieties. The Na concentration was 0.39% in new leaves and 0.58% in old leaves 
at the hightest salt treatment. This may be the major cause for salt injury with this 
variety. In all avocado varieties, concentration of Na in new leaves was lower than in old 
leaves and roots. Considerable differences exist in Na accumulation and in their 
tolerance to NaCl in different avocado races. Lula 3 was more tolerant than the others 
which agrees with the results of Embleton et al. (6). 
The Zn concentration of Fuchs 20 and Huntalas was decreased by salts in the top 
leaves. Generally the Fe and Mn concentrations in new and old leaves, stems and roots 
were increased by salts due to dilution. Interaction was observed between K and Na in 
roots in salt treatments. 
In the second experiment Huntalas rooted cuttings and Hass grafted on Huntalas rooted 



cuttings were grown under the same salt treatments. Similar to the first experiment, new 
and old leaves accumulated almost the same amount of Na, but the Cl concentration 
was much higher than the Na concentration (Table 2). The new leaves of Huntalas 
contained 50 µg/g Na concentration at the highest salt treatment while Cl concentration 
was 25 times higher than Na at the same salt treatment. Similar results were obtained in 
the fruit experiment for Na accumulation. This indicates that the Huntalas variety is 
sensitive to Cl more than to Na because leaf burn was associated with Cl accumulation 
in leaves. Cooper (1951) concluded that the leaf burn on Fuerte avocado grown on 
Mexican rootstock was associated primarily with chloride accumulation in leaves. He 
observed very low Na concentration in leaves. The Hass scion on Huntalas rootstock 
accumulated more Cl than Huntalas alone. The P, K and Ca concentrations increased 
slightly in new and old leaves of the Huntalas variety by addition of salts. The old leaves 
of Hass grafted on Huntalas contained high Ca, Mg, Fe, and Mn levels in the high-salt 
treatments. 
Gas exchange rates were determined for Huntalas and Hass on Huntalas rooted 
cuttings at a soil moisture of near field capacity. The data for leaf water potential, 
photosynthesis, and transpiration are shown in Table 3. In control and at medium-salt 
treatment very little difference was observed in leaf water potential and photosynthesis. 
High salt concentration tended to decrease leaf water potential and photosynthesis. 
Severe reduction in photosynthesis was observed in the Huntalas variety, more so than 
in Hass on Huntalas at the high-salt concentration. It was 0.90 mg CO2, fixed/g dry wt-h 
while in Hass on Huntalas rootstock it was 3.84 mg CO2 fixed/g dry wt-h. No differences 
in transpiration were observed under the various salt treatments in either case. 
Bernstein (1961) referred to unpublishd data by W. L. Ehrler showing that transpiration 
per unit leaf area remained the same in control and in salt treatments. A slightly higher 
transpiration rate was observed in Hass on Huntalas rooted cuttings compared with 
other rooted cuttings. 
 
SUMMARY 
The Huntalas avocado rooted cuttings were grown in different salt concentrations in 
comparison with other rootstocks to determine the characteristics of the rootstocks for 
salt tolerance and mineral uptake. The Huntalas rooted cuttings appeared to be more 
salt-sensitive than Mexicola, Fuchs 20, and Lula 3 rootstocks. Particularly in Huntalas 
rooted cuttings Na was accumulated in roots and stems with very little translocated to 
leaves while Cl was translocated and accumulated in considerable amounts in leaves. 
The leaves of Huntalas accumulated 50 µg/g Na and 0.12% of Cl at the highest salt 
treatment. Leaves of Hass scion grafted onto Huntalas rootstock contained more Cl 
than did Huntalas alone. The Zn concentrations of leaves were decreased by salts in 
Huntalas and Fuchs 20. Generally the salts increased Fe and Mn concentrations in 
plant parts of different avocados. The transpiration rate was not affected by salts while 
the leaf water-potential and photosynthesis decreased by salt application in Huntalas 
and Hass scion on Huntalas rooted cuttings. 
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