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SUMMARY 
Edranol, a Guatemalan variety, in glasshouse tests with seedlings in soil limed with 
calcium carbonate was found to be very susceptible to a leaf chlorosis. Since very 
young leaves of chlorotic plants were greened with iron sprays and since the iron 
content of leaves, stems, and roots of chlorotic plants was considerably reduced, the 
chlorosis was believed to be the result of iron deficiency. Manganese in the plants was 
greatly reduced by liming, but iron was reduced only on those plants that became 
chlorotic. Of the test plants in limed soil, 78 per cent of the Edranol seedlings became 
chlorotic within ten months while 30 per cent of Topa Topa seedlings, a Mexican variety, 
became chlorotic. There was very little difference in the inorganic composition between 
green Edranol and Topa Topa and between chlorotic Edranol and chlorotic Topa Topa. 
Chlorotic plants appeared to be unable to use nitrogen fertilizer without leaf burning. 
Susceptibility to lime-induced chlorosis is very possibly inherited and open pollinated 
seedlings very likely contribute to the variability within a variety. The study 
demonstrated that in experimental work with seedling avocados a very large number of 
replications are necessary. Control of the chlorosis has been achieved by application to 
the soil of ethylene-diamine-tetracetic acid (EDTA) containing iron, both in the 
glasshouse and in the field. There are difficulties in keeping this iron complex in solution 
at pH values above 7.5. These studies are of insufficient duration to make sound 
recommendations for its practical use. 
 
INTRODUCTION 
Halma and White (3) in avocado rootstock trials in Santa Barbara and Orange counties 
observed that scions on Guatemalan rootstocks often became chlorotic, while those on 
Mexican and West Indian rootstocks were much less susceptible. Since they did not 
study the nature or cause of the chlorosis and since an observation was reported from 
San Diego County concerning- a possible relationship of soil lime to root rot, a project 
was started for the purpose of studying the effects of lime in soil on avocados. This 
report covers the first of these studies . 



 
MATERIALS AND METHODS 
Mexican and Guatemalan seedlings were grown from November 1, 1951, until August 
13-15, 1952, in a control soil and in six levels of artificially limed soil. The concentrations 
of lime were 0, ¼; 1, 2, 5, 10, and 15 per cent of U.S.P calcium carbonate as per cent of 
weight of oven-dry soil. The sandy loam soil was virgin and from a hilltop near U.C.L.A., 
and before any treatments it had a pH of 6.3 and an exchangeable calcium content of 
about 10. It was sieved through a ½-inch screen and placed in gallon glazed pots 
without bottom drainage. The calcium carbonate was weighed and mixed separately for 
each pot. 
Edranol and Topa Topa varieties were chosen to represent the Guatemalan and 
Mexican races, respectively, because seed of them were available. One hundred seeds 
of each were germinated and 72 of each were planted, one per pot, directly into the 
treated soils after germination. Nine replications were used for each variety and 
treatment except that there were two sets of control plants for each variety. An effort 
was made to place the same number of large and small seedlings into each treatment. 
The plants were grown on benches in a well-lighted glasshouse and irrigated with 
distilled water as needed. Since there was no bottom drainage extreme care was taken 
to avoid waterlogging and excess drying. No difficulties were experienced with water 
and it is believed that all the results were independent of water complications. 
Ammonium nitrate was the only fertilizer used and was uniformly applied to all plants 
when the need was indicated by some. Applications of ½ gram of nitrogen after five 
months and again after eight months were made. 
Only five plants of each treatment were harvested for chemical analysis. The remainder 
were kept for additional studies. Height (from 1.5 inches above point of cotyledon 
attachment) and diameter (at the same point) measurements of all plants were made at 
that time. Fresh weight measurements were made of the harvested plants and they 
were divided into leaves, stem:-, and roots. All these measurements were analyzed 
statistically. All fractions were washed thoroughly with tap water, O.3N H2SO4 to remove 
contaminating iron (5), and distilled water, dried at 70°C and ground in a Wiley mill to 
pass a 60-mesh screen. The methods used in inorganic analyses have been reported 
(10), except that both 80 per cent alcohol soluble and insoluble nitrogen determinations 
were made of leaf material. 
Small and large chlorotic avocado trees in Orange County were used for control studies. 
The calcium carbonate content of the soil on which these trees were growing varied 
from one to 2.5 per cent and the pH from 7.1-7.6. 
 
RESULTS AND DISCUSSION 
Within five months after planting of the seedlings in the limed pots, those in the 10 and 
15 per cent treatments were noticeably shorter and lighter green in color than the 
control plants. Between then and the harvest date 



 
 
progressively more plants and at lower lime levels became chlorotic and those at the 
high lime levels became more severely chlorotic. At the time of harvest marked 
differences in tolerances to lime were apparent between and within the two varieties 
(figure 1). An observational estimation resulted in 42 of 54 (78 per cent) Edranol and 16 
of 54 (30 per cent) Topa Topa being classed as chlorotic. This corresponds closely with 
estimates made by Halma and White (3) in their rootstock trials. Of course lime is not 
uniformly distributed in field soils and for this reason such estimates have limited 
meaning. Since Edranol, a Guatemalan, was more susceptible to the chlorosis than was 
Topa Topa and since iron spray in the very new leaves resulted in greening, it is quite 
certain that the chlorosis observed by Halma and White was lime-induced chlorosis. 
There are similarly tolerant and susceptible grape rootstocks (11) and pear (1) and 



citrus rootstocks (2) to lime-induced chlorosis. 
The lack of uniform responses to lime by avocados indicates rather large genetic 
variation of these particular seedlings within each of the two varieties. This is apparent 
both in figure 1 and in the values for coefficient of variation of height given in table 1. 
The coefficient of variation was lowest for the control seedlings and in general much 
higher for limed soils. Edranol was, of course, more variable than was Topa Topa 
because more of them were chlorotic. 
 

 

 
Height, diameter and fresh weight measurements are also in table 1 with their statistical 
evaluation. The effect of lime was very apparent and significant for the ¼ per cent lime 
treatment for both varieties, indicating that some avocados are extremely sensitive to 
lime. Chlorotic avocados on Guatemalan rootstocks have been observed in the field on 
soils equally low in lime. The pH of the potted soil at ¼ per cent lime was about 7.0 
when the seedlings were planted and had dropped slightly by the end of the experiment. 
The data in table 1 indicate quite clearly that the Edranol seedlings were in general 
more severely injured at lower lime levels than were Topa 
Topa seedlings. More Edranol seedlings grown in 5 and 10 per cent lime were severely 
injured than Topa Topa in the same lime concentrations. 
 



 
 
The content of leaf nitrogen is in table 2. Nitrogen composition will be discussed first 
because of special and differential effects of nitrogen when it was added as a fertilizer. 
When nitrogen was added to the soil the green plants responded with new growth and 
improved color. About one week after the addition of the second nitrogen application 
there was a severe leaf burn similar to excess ammonium nitrogen damage (figure 2) on 
most of the chlorotic plants. None of the green plants were similarly affected. It is quite 
possible that chlorotic plants are unable to use nitrogen properly and this was partially 
confirmed by the finding of large amounts of water-soluble nitrogen in chlorotic leaves. 
This phenomenon has been observed by other workers (4, 9, 11). Leaves of small 
green plants contained less total nitrogen than small chlorotic plants. Since the stems 
and roots have not yet been analyzed for nitrogen, it is not yet known whether the effect 
is the result of different distribution among plant parts or of greater absorption of either 
nitrate or ammonium nitrogen by chlorotic plants. There were large increases of total 
nitrogen as well as soluble nitrogen by chlorotic leaves. Some but not all of this is the 
result of the small size of chlorotic plants. With very few exceptions there were no real 
differences between the composition of Edranol and Topa Topa and there were no 
special differences for nitrogen. The manganese and iron contents of the plants were of 
special interest. Liming always resulted in reduced manganese content of leaves, 
stems, and roots, reductions being greater for the chlorotic plants than for green ones. 
Liming did not result in reduced iron content of plants that remained green but tended to 
result in reduced iron on those that became chlorotic. This was especially noticeable 
when all elements in the leaves were calculated as the ratio to nitrogen to eliminate 
some of the complications resulting from plant stunting (table 2). Since greening was 



obtained for iron sprays and not for manganese sprays, the deficiency is undoubtedly 
one of iron. Stems of the low-lime Topa Topa seedlings contained more manganese 
than those of Edranol, and roots of chlorotic Edranol contained less iron than roots of 
chlorotic Topa Topa. Both these factors could be important. There was no evidence of 
iron accumulation in roots and stems of chlorotic plants, and if this is true the chlorosis 
is caused by lime resulting in insufficient iron absorption. Only the fleshy portions of the 
roots, however, were analyzed because of the difficulty in removing soil particles from 
the fine roots, and there is a possibility that iron could have accumulated there in the 
chlorotic plants. 
The calcium content was increased by liming (table 3) and was greater for chlorotic 
plants than for green ones. Relative to nitrogen (table 2) the increase was less 
pronounced. The Ca-N ratios are smaller for chlorotic than for green plants and could 
be the result of real as well as relative nitrogen increases in chlorotic leaves. Calcium is 
usually decreased (7, 9) but not always (9) in chlorotic plants. Decreased calcium is 
usually associated with increased potassium in chlorotic plants (7, 9). In the present 
study potassium as well as calcium in all limed plants increased, but chlorotic plants 
increased more than did non-chlorotic plants so that the K-Ca ratio for leaves was 
higher for the chlorotic plants than for green ones. This is typical of chlorotic t plants and 
is believed to be a result rather than a cause of chlorosis. The U.S.P. calcium carbonate 
used to lime the soil in this study was possibly more soluble than that naturally found in 
soil, and this could partly account for the tendency for calcium in plants to increase 
when the soil was limed. 
In general Topa Topa seedlings contained less phosphorus than did Edranol seedlings. 
It is not known whether this had any bearing on susceptibility to lime-induced chlorosis. 
There was very little difference in magnesium between varieties or for the lime 
treatments. 



 
 



 



 
 
When it was learned that the chlorosis was a lime-induced iron disorder, attempts were 
made to control the deficiency by the use of ethylene-diamine tetracetic acid (EDTA) as 
a chelating agent for iron to keep applications of it soluble in the soil. This chemical had 
been successfully used by Stuart and Leonard (8) to control iron chlorosis of citrus on 
acid soil after Jacobson (6) had shown that EDTA would keep iron in solution in nutrient 
cultures. 
Excellent recovery (figure 3) of chlorotic avocados on artificially limed soil was obtained 
in the glasshouse by the application of 250 mgm. of iron with EDTA, which was 
prepared according to the method of Jacobson (6). Trials were made in the field on 
trees in three different groves with the dry commercial sodium salt of EDTA, containing 
13 per cent iron. Thirty-gram applications to small trees resulted in excellent recovery 
and in much new growth. One pound of the salt washed into the soil under a fairly large 
eight-toot tree resulted in greening in about three weeks' time.  These studies are not of 
sufficient duration to know how much of the salt should be applied or how long the effect 
will last. The pH of the soil in one grove was 7.6 and was less in the others.  In 
laboratory tests it has been demonstrated that EDTA begins to lose its effectiveness in 
keeping iron in solution somewhere between pH 7.5 and 8 and becomes progressively 
ineffective at higher pH values. It is possible that other chelating agents will be more 
effective than EDTA. Soil applications of EDTA do have some promise for keeping 
micronutrients available in the soil.  Leaf sprays of iron containing EDTA on chlorotic 
avocados caused greening in spots but were no better than other iron sprays. 
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