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Seedlings of the Mexican race of avocados are commonly used as rootstocks in 
California largely because of their cold hardiness (1) and other factors. Increasing use is 
being made of seedlings of the Guatemalan race, whereas few, if any, of the West 
Indian race are used. 
Most avocado trees in Florida are grafted onto seedlings of the West Indian race, with 
seedlings of the Waldin variety being widely used (8). 
In Texas the rootstocks of the West Indian race appear thus far to be the most 
adaptable to the Rio Grande Valley (7). The trees on West Indian root are said to have 
greater vigor than those on Mexican roots and the West Indian seedling trees are 
reported (5) as having greater vigor and less tipburn than the Mexican seedling trees. In 
Palestine the view is expressed (6) that avocado seedlings of the West Indian race are 
superior to those of the Mexican race for saline conditions. 
It seemed desirable firstly to obtain some idea of the strengths of chloride that avocado 
seedlings will withstand and secondly to grow seedlings representative of the three 
races of avocados in order to learn their response to the same concentrations of sodium 
chloride added to soil cultures. 
 
SAND CULTURES 
Seed of the Topa Topa (Mexican) variety were germinated in the uncovered 
propagation frames within the glasshouse. Bottom heat was used to keep the 
temperature of the plaster sand at about 75° F. The seeds were first soaked in water for 
a short period and the seed coats removed. Thin slices were then cut away at the top 
and base of the seed. Germination was thereby made rapid and uniform (4). 
When the tops of the seedlings were 2 to 3 inches in length, the seedlings were 
transferred to 3-gallon capacity silica sand cultures that were provided with suitable 
drainage. One seedling was used in each culture and the cultures were grown from 
January 4, 1950 to September 26, 1950 in the glasshouse. 
The culture solution consisted of distilled water containing the following concentrations 
of nutrient elements (p.p.m.) ; Ca 318, Mg 54, K 185, SO4 216, NO3 1211, PO4 105, plus 
.1 p.p.m. of boron, manganese, zinc, and iron respectively and 3 p.p.m. of aluminum as 
the citrate. To this culture solution was added the concentrations of chlorine in the form 
of calcium chloride as shown in column 2 of Table I. In the various cultures the height of 



the tops were: 37, 36, 29, 29, 34, 31, 36, 39, and 21 inches respectively while the dry 
weight of the roots were: 19, 19, 14, 10, 17, 15, 12, 11, and 8 grams respectively. Only 
at the highest chlorine concentration was the top growth greatly retarded whereas the 
dry weight of the roots showed a decrease beginning with the second strength of 
chlorine. Much of the injury from excessive chlorine may occur in the root system which 
is quick to respond with new growth once the concentration of chlorine is greatly 
lowered. It should be noted here that the chlorine was added in the form of calcium 
chloride—calcium being a very beneficial element in the growth of avocado trees 
provided that potassium and magnesium are adequate. 
 

 
 
The mature leaves of cultures 1-6 inclusive showed relatively little, if any, tipburn during 
the period of growth. As the leaves increase in age (columns 3 and 4 in table I) the 
chlorine content increases rapidly, so that the older the leaves become, the greater is 
the danger of injury from chlorine accumulation. In cultures No. 7, 8, and 9 the tipburn 
was very severe, the burn extending for about two inches from the tip. Figure 1, to the 
left, shows the tipburn of the lower leaves resulting from the excessive chlorine 
accumulation; whereas to the right is shown the type of leaf burn that results when the 
soil solution becomes too concentrated even with an otherwise favorable compound 
such as calcium nitrate. Table I shows the marked increase in the chlorine content of 
the leaves of cultures No. 7, 8, and 9. Even the upper mature leaves of these three 
cultures showed considerable tipburn. 
The chlorine content was determined in the entire trunk of each culture and was found 
to be relatively very low even in the cultures in which the leaves were severely injured 
by the chlorine. These low percentages in the trunk are of interest when compared with 
the high percentages of chlorine reported (3) in fruit pedicels affected with ringneck in 
which the chlorine content ranged as high as 1.42 percent in the dry matter. The roots, 



as seen in connect with each other. The water can be transpired from the leaf, but the 
unused portion of the chlorine moves toward the tip of the leaf. The accumulation of 
chlorine in plants has been found (2) to increase the acidity of the plant sap. 
Table I, contained relatively low percentages of chlorine, the chlorine moving rapidly 
upward within the tree and accumulating in the leaf tip toward which the principal 
leaf veins converge. Figure 1, left, shows how the lateral veins 
 
 

 
 
 



 

 
 

SOIL CULTURES 
A study was made of the effect on avocado seedlings of the three races when various 
concentrations of chlorine (as sodium chloride) were added to the nutrient solution 
applied to three gallon-capacity soil cultures. Soil was obtained at the Citrus Experiment 
Station and was diluted one-half with plaster sand in order to be assured of excellent 
drainage at all times. The seeds for this experiment were obtained through the kindness 
of Dr. F. F. Halma of the Los Angeles Campus of the University of California and the 



supply of the Waldin seed was quite limited. 
The seeds were germinated as previously described. The Topa Topa variety was used 
to represent the Mexican avocado race of seedlings; the Hass, the Guatemalan, and the 
Waldin, the West Indian races of avocado seedlings respectively. The soil cultures were 
started in April, 1948 and were grown in the glasshouse until October 21, 1949 when 
typical leaves were photographed (Fig. 2). 
The culture solution consisted of distilled water containing (p.p.m.): Ca 318, Mg 54, K 
185, NO3 1211, SO4 216, and PO4 105, to which was added various concentrations of 
chlorine in the form of sodium chloride. The pH of the culture solution applied was 4.4. 
Table II shows the composition of the most mature (lowermost) leaves that never came 
into contact with the applied nutrient solution. When the chlorine content of the leaves of 
the Waldin avocado seedlings are studied it is seen that the percentages are low when 
compared to similar cultures of the Hass or Topa Topa varieties. When the percentages 
of chlorine in the leaves were averaged for the three varieties at 0, 300, 400, and 500 
p.p.m. of chlorine in the culture solution, the Waldin averaged 0.142 percent, the Hass 
.276 percent and the Topa Topa .385 percent chlorine respectively. 
At 300 p.p.m. of chlorine in the culture solution the rootlets of the seedlings of the 
Waldin variety contained less chlorine than those of the Hass variety and these in turn 
less chlorine than those of the Topa Topa variety. At 400 p.p.m. chlorine a similar 
relationship holds in the rootlets, whereas at 500 p.p.m. chlorine in the culture solution, 
the difference between the varieties disappears. 
In the leaves the greatest calcium percentages are present in the Hass variety. This is 
in agreement with the results on the calcium content of Fuerte avocado leaves of trees 
on Guatemalan and Mexican rootstosks, the data of which are contained in another 
article on avocado rootstock influence. 
Average percentages of magnesium in the leaves of comparable cultures showed 
magnesium to be the lowest in the Topa Topa and the highest in the Hass variety. 
Average percentages of potassium in the leaves of comparable cultures showed the 
potassium to be lowest in the Topa Topa and highest in the Waldin variety. 
 



 
 



 
 
The sodium remained largely in the roots, very little being found in the leaves. The 
average percentages of sodium in the rootlets of comparable cultures showed Topa 
Topa as having the highest percentage. 
 
SUMMARY 
By means of pure silica sand cultures and Topa Topa (Mexican) variety seedlings, the 
effect of various concentrations of chlorine was studied in relation to the growth and 
absorption of chlorine. Calcium chloride was added to the nutrient solution in order to 
have the favorable element calcium accompany the injurious chlorine. Only at the 
highest chlorine concentration was the top growth greatly retarded, whereas the dry 
weight of the roots showed a decrease beginning with the second strength of chlorine 
(70 p.p.m.). 
Excessive chlorine accumulation in avocado leaves results in leaf tipburn, whereas 
excessive concentrations of otherwise favorable nutrients results in marginal and 
interveinal leaf burn. 
Chlorine accumulation in avocado leaves increases greatly with the increasing age of 
the leaves. Chlorine was not found to accumulate to any great extent in the trunk or in 
the roots of the seedling, but in previous studies was shown to accumulate in the fruit 
pedicel or fruit stalk. 
A study was made of the effect on avocado seedlings of the three races when various 
concentrations of chlorine (as sodium chloride) were added to the nutrient solution 



applied to soil cultures. The Topa Topa variety of avocado seedlings was used to 
represent the Mexican race; the Hass, the Guatemalan, and the Waldin, the West 
Indian races respectively. 
The percentages of chlorine in the leaves of the Waldin variety were low when 
compared with similar cultures of the Hass or Topa Topa variety. 
In the leaves the greatest calcium percentages were present in the Hass (Guat.) variety. 
Sodium remained largely in the roots, very little being found in the leaves. 
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