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With the extensive cycle of years of low rainfall, the quality of the irrigation water in 
some avocado areas has deteriorated considerably. Frequently the soil solution 
contains sodium and with the use of a decreasing supply of water, the concentration 
may reach a stage at which injury to the tree may be evident. Such injury most 
frequently occurs when calcium and magnesium are present in inadequate amounts. 
In order to study the relationship of calcium to the effects of sodium in avocado 
seedlings, pure silica sand cultures were used with nutrient solutions containing a 
constant nitrogen and other nutrient element supply, except for various ratios of calcium 
to sodium. Topa-Topa (Mexican) avocado seed were prepared for germination by 
soaking and removing the seed coats and then removing a thin slice from the top and 
base of the seed. Prompt and uniform germination was obtained in the open 
propagation frames filled with plaster sand and maintained at 75° F. with bottom heat in 
the glasshouse. When the top of the germinated avocado seedling was two to three 
inches high, it was placed in a three-gallon capacity pure silica sand culture provided 
with drainage. 
Distilled water and chemically pure salts were used in making the nutrient solution 
which contained (p.p.m): Mg, 54; K, 185; SO4, 390; PO4, 105; 0.1 p.p.m. of boron, iron, 
zinc, and manganese respectively and 3 p.p.m. of aluminum as the citrate. The nitrogen 
(2000 p.p.m.) in the culture solution was the same for each culture, whereas the 
concentrations of sodium and calcium were varied considerably in the several cultures. 
The seedlings were grown from March 21, 1949, to June 9, 1950. 
Table I gives the concentrations of sodium and calcium and the growth response of the 
avocado seedlings. During the course of the experiment it was apparent at all times that 
growth was better in cultures containing both sodium and calcium than when either 
element was lacking. The best growth occurred when the calcium content of the culture 
solution greatly exceeded that of the sodium as in cultures nos. 5, 6, and 7. 
Further confirmation of the better growth when some sodium was present is seen in the 
following experiment. In three-gallon capacity soil cultures (a mixture of half soil and half 
plaster sand to assure good drainage), Mexicola (Mexican) avocado seedlings were 
grown and were given a similar nutrient solution as that given the silica sand cultures 
except that the ratios of calcium and sodium were changed. The culture solution, for 
each of ten cultures, contained 493 p.p.m. of nitrate. This culture solution contained the 
following parts per million of calcium and sodium respectively for the ten cultures: 0, 
184; 12, 170; 31, 150; 40, 137; 61, 116; 98, 68; 129, 34; 146, 14; 156, 3; 159, 0. The 



cultures were started on April 27, 1950 and on October 11, 1950 the height of the trunks 
(no lateral branches were allowed to develop) corresponding to the above calcium-
sodium ratios were: 27, 35, 44, 39, 40, 38, 45, 32, 38, and 33 inches respectively. 
Although this is the growth picture that has been maintained up to now, it should not be 
overlooked that as the seedlings advance in age a different growth condition may 
present itself. 
 

 
 

In the pure silica sand cultures referred to in Table I the leaves of plants in cultures nos. 
1, 2, and 3 burned severely, even the young immature leaves showed severe burn as 
shown in figures 1 and 2. The small circular or oval-shaped small burned spots first 
occurred along the margins and also were scattered over the leaf area and each spot 
gradually enlarged (fig. 1) until much of the leaf area was burned (fig. 2) and the original 
center had dried and fallen out (fig. 2). The leaves of cultures nos. 1, 2 and 3 had to be 
collected before they had burned too severely and had been shed. The striking feature 
in this experiment was that cultures 1, 2 and 3 had severely burned leaves typical of 
excessive sodium whereas on none of the other cultures was there any leaf-burn 
whatsoever. Beginning with culture no. 5 the roots were white and of an excellent 
appearance whereas in the first three cultures some of the roots were obviously dark 
and badly injured. 
Leaf samples were collected from the upper and lower portions of the trunk, avoiding 
leaves that contacted the nutrient solution and those that were thin and immature. In all 
nutrient culture work the practice of rubbing out of all the young lateral shoots, greatly 
facilitated the sampling and the measurements of growth. 
Table II presents the analytical data in regard to the composition of the plants that were 
severely injured and those apparently unaffected by the use of sodium (the calcium-
sodium concentrations are given in table I). The striking feature in table II is the content 



of sodium and calcium in the leaves. In both the lower and upper leaves the 
percentages of sodium in the dry matter were markedly higher for the first three cultures 
that showed severe injury than for the remainder of the cultures, none of which showed 
apparent injury. The effect of the high sodium and low calcium is also seen in the 
rootlets. 
 

 
 



 

 
 
 



Comparison of the percentages for the lower and the upper leaves showed the 
increased calcium content of leaves as they became older without any appreciable 
change in the potassium percentage. This would indicate a continued potassium intake 
by the avocado leaves as they increase in age for otherwise the percentages for 
potassium would tend to greatly decrease. Table II also shows the small uptake of 
sodium by avocado leaves when there is present an adequate supply of calcium. 
Figure 3 illustrates the effect of a combination of excessive sodium and an excessive 
concentration of nutrient elements. These seedling avocado leaves show the circular 
burned spots typical of excessive sodium in addition to the marginal burning that 
proceeds inward between the veins that results from an excessive total concentration of 
nutrient salts. These leaves contained 0.86 per cent of calcium which is low and 0.58 
per cent of magnesium in their dry matter, whereas the potassium content was 
unusually high (3.43 per cent) and the sodium content also very high (0.82 per cent). 
The ash constituted 12.18 per cent of the dry matter of the leaves in contrast to 8.18 per 
cent in leaves of orchard trees at Vista. 
During the summer of 1950, numerous avocado leaf samples have been received in 
which small burned spots appear scattered over the leaf surface. They occurred on 
leaves that showed a zinc or manganese deficiency but also were present on 
apparently healthy leaves. The possibility of cold damage was unlikely because many of 
the leaves were produced after the cold period. The possibility of a water shortage 
having caused the spots is not to be dismissed so readily although such spots have not 
as yet shown themselves in our soil cultures where the water supply could be lacking. 
In order to learn something regarding these spots several collections of affected leaves 
were made by interested growers in the La Mesa and Vista areas. The dry matter of the 
affected leaves showed .05, .04, .06, and .05 per cent respectively of sodium which is 
low, and it is unlikely that sodium is a factor. The potassium values were: 1.52, 1.60, 
1.38 1.35, and 1.03 per cent respectively; values that appear satisfactory. The calcium 
values were: .99, .55, .64, and .97 per cent respectively whereas those of magnesium 
were: .44, .31, .35, and .56 per cent respectively. These values for calcium especially 
and also for magnesium are low and may be factors in addition to the possibility of 
water as a factor also. It would appear that the calcium and the magnesium values in 
many avocado areas may be too low for the growth of healthy trees. 



 
 

 



 
 
SUMMARY 
This study of calcium in the growth of avocado seedlings was initiated because of the 
relatively small supply of calcium available to avocado trees in certain orchard areas 
and because of the increasing tendency toward a greater sodium uptake and injury in 
avocado trees during periods of low rainfall and reduced water availability. 
Pure silica sand cultures with Topa Topa (Mexican) avocado seedlings were grown in 
which the nutrient solutions were similar in all respects except in their various ratios of 
calcium to sodium. For young seedlings in which no laterals were allowed to develop, 
the growth (during the period of the experiment) was best when a certain range of 
calcium to sodium values occurred in the nutrient solution. This was also confirmed for 
this limited growth period by means of soil cultures. 
Sodium-burn in avocado leaves makes its appearance as small, circular burned spots 
on the margin and also scattered over the leaf area. These spots enlarge in more or 
less concentric areas, each of which may have a different shade of brown. As these 
enlarged spots join, the leaf becomes severely burned and the original burned areas of 
the leaf may drop out. When an accumulation of excessive chlorine or an excessive 
total concentration of nutrient elements in the soil solution are also involved, the injury to 
the leaf by sodium may be greatly increased. 
Sodium was found in appreciable amounts in avocado leaves only when the 
concentration of sodium was very high in relation to that of calcium. Calcium increased 
considerably as the avocado leaves increased in age although potassium did not 
necessarily decrease. 


