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adapted to the prevailing1 climatic conditions. Site 

selection for peach production should also be en 

hanced. Even though chilling may be adequate 

at a particular site, this site may not be accep 

table if spring cold hazard is high. Many local 

conditions have a great influence upon the se 

verity of spring cold, and they should receive 

adequate consideration. 
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Studies relating avocado nutrition to yield 

have been limited because of the high variability 

in yield. The variability in avocado yield is sev 

eral times greater than that of citrus and most 

other tree crops (10). This means that large num 

bers of replication and detailed statistical evalu 

ation of data have been necessary to attack the 

problems with any degree of confidence. 

The essential elements which may limit yield 

in California are N, Zn, and Fe. Chloride is fre 

quently, and Na occasionally, in excess. The 

source of these excess elements is primarily from 

the irrigation water. 

Nitrogen 

Initial detailed studies were with the Fuerte 

variety (4, 5). These showed that yields could 

be limited by too low or too high a level of N in 

the tree (Fig. 1). The most productive range 

was found to be between 1.6 and 2.0 per cent N 

in dry leaves. These leaves were sampled in the 

mid-August to mid-October period and were the 

youngest fully-expanded and matured leaves from 

shoots, from all sides of the trees, that were not 

fruiting or flushing. Normally, under California 

conditions, these would be spring-cycle leaves. 

As the level of N in the leaves was increased 

above the most productive range, yields were re 

duced. Trees in this high N range had dense 

foliage with an abundance of long shoot growth 

with large, dark-green leaves. As the level of 

N in the leaves decreased below the most produc 

tive range, yields were also decreased. Trees in 

the low N range were thinly foliated, with a small 

amount of short shoot growth, with smaller, 

lighter-green leaves than those in the high N 

range. Trees in the most productive range were 

intermediate in density of foliage, size of leaves, 

amount of shoot growth, and leaf color. The 

amount of N that has been necessary to apply 

to adjust the level of N in the leaves to the most 

productive range has varied depending upon past 

fertilizer history, amount of cover crop, if any, 

irrigation and tillage practices, nature of soil, 

materials used, method of application of nitro-

geneous materials, and variety. 

The curve shown in Fig. 1 also appears to be 

applicable for varieties other than the Fuerte, 

but the amounts of N needed to attain a given 

leaf level varies greatly among varieties (6). 

Greater amounts of N are needed to maintain the 

level in MacArthur leaves in the most productive 

range than are needed for the Fuerte. Experi-
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2.0 

CENT DRY 

2.2 
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2.4 

Figure 1.—Fuerte avocado yield as related to the percentage of nitrogen in the youngest, fully-expanded and matured 
leaves sampled in the August-October period. 

mentally, percentages of leaf N above 2.0 in the 

MacArthur variety have not been achieved even 

with applications of 5 pounds of N per tree an 

nually. Table 1 shows some typical MacArthur 

data. High rates of N resulted in larger trees 

than moderate rates. It is obvious that high rates 

of N are needed for this variety. 

The Jalna variety fruits heavily at a very 

young age. It was reasoned that, if a well-ferti 

lized tree fruited heavily at 2 years of age, high 

rates of N would not reduce yield of mature trees. 

Results of two years' data in an experiment to 

check on this reasoning appears in Table 2. From 

this one experiment it appears that it is difficult 

to get the level of N much above 2 per cent in 

leaves of this variety. The 4-pound rate did not 

result in noticeably more vegetative growth than 

the 2-pound rate of N. The limited evidence avail 

able for the Jalna suggests that possibly this va 

riety has some inherent mechanism that restricts 

the maximum level of N in the leaves. This could 

explain fruiting at a very young age. 

Alternate bearing effects complicate studies 

on N nutrition relations with yield. An example 

of this is shown in Table 3. The orchard was 

planted on virgin, light-textured, well-drained 

soil in 1955. Prior to the establishment of the 

experiment in 1961 the trees had received rela 

tively small applications of N. Records for the 

first experimental yield-response year, 1963, show 

that there was a marked response to each incre 

ment of N. By comparing the levels of N in the 

leaves with the curve in Fig. 1, this yield re 

sponse would be predicted. However, the N leaf 

Table 1. Nitrogen rate, percentage of nitrogen in leaves, 

and yield of MacArthur avocado. 

Founds N per 

tree annually 

and 

statistical 

indices 

0.25 

0.75 

1.50 

3.00 

C.V., % 

7. N in 

dry leaves, 

Aug.-Oct. 

1/ 
1.36y 

1.46y 

1.652 

1.728 

6 

Yield, 

pounds 

per tree 

1/ 

35.1y 

80. ly 

137.6yz 

216.42 

79 

- Ranked at the 17. level by Duncan's Multiple Range 

Test (3). Mean of 4 replications of 4 tree plots for 

4 years. 
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Table 2. Nitrogen rate, percentage nitrogen In leaves 

and yield for Jalna avocado 

Founds N per 

tree annually 

and 

statistical 

indices 

0 

2 

4 

C.V., 7. 

7. N in 

dry leaves 

Aug.-Oct. 

1960-61 

2.00y2 

2.06s 

6 

Yield, 

pounds 

per tree 

27yl/ 

622 

61 

C.V., 7. 

88y 

146, 

41 

- Ranked at the 1% level by Duncan's Multiple Range 

Test (3). There were 20 replications with single-tree 

plots. 

cent there was no yield response. To be conserva 

tive, the lower limit of the suggested commercial 

levels (see Table 4) has been set at 0.08 per 

cent P in the leaves. At the high end of the sug 

gested commercial levels Zn deficiency is more 

likely to be a problem. 

Potassium 

Low concentrations of K in the leaves have 

not been found in field-grown avocados in Cali 

fornia. Increasing the concentration of K in the 

leaves from about 0.9 to about 1.3 had no bene 

ficial effects on yield. 

Magnesium 

As with K, there is no recorded evidence of 

Mg deficiency in field-grown avocados in Cali 

fornia. All leaf analysis encountered from the 

field thus far indicate that it is unlikely that Mg 

deficiency will become a problem in the near 

future. 

Critical levels of Mg in the leaves associated 

with the growth of the tree and leaf symptoms 

have been established by use of outdoor sand cul 

tures (1). Concentrations of Mg in leaves, 

sampled as previously outlined, below 0.20 per 

cent would be classed in the deficient range. 

levels in 1963 were not greatly different from 

those of 1962, but the yields in 1964 were in 

versely related to the rates of N applied. It ap 

pears that the initial strong yield response to N 

in 1963 started a differential alternate bearing 

cycle and the alternate bearing influences were 

more influential on the 1964 crop than were the 

N levels in the trees. This shows the danger 

of looking at only one year's data. 

Phosphorus 

There has been no documented evidence of P 

deficiency in field-grown avocados in California. 

However relatively low levels of P in the leaves 

have been encountered. One such orchard was 

planted in 1939 where declining navel orange 

trees were removed because of what is now 

known to be P deficiency. Valencia orange trees 

adjacent to this avocado orchard have responded 

remarkably well to P fertilizers. An experiment 

was started in 1951 in the avocado orchard and 

has been maintained to date. Even though dif 

ferential fertilization with P has resulted in 

ranges of P in the leaves from 0.070 to 0.130 per 

Table 3. The influence of alternate bearing on the relation 

between yield and percentage nitrogen in Fuerte avocado 

leaves. 

Pounds N per 

tree annually 

and 

statistical 

indices 

1961, 1963, 

1962 1964 

0.25 0.50 

0.50 1.00 

1.00 2.00 

2.00 4.00 

C.V., X 

X N in 

dry leave 

Aug.-Oct 

1962 

1.61y 

1.67, 

1.80z 

9 

s, 

1963 

1.48^ 

1.53y 

1.62Z 

1.66Z 

6 

Yield 

pounds 

per tree 

1963 1964 

76 1/ 59 1 

107xy 51y8 

121yz 44yz 

U0z 33y 

53 59 

— Ranked at the 1% level by Duncan's Multiple Range 

Test (3). There were 32 replications of nitrogen rates with 

single-tree plots. 
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to 29.6 ppm Zn in dry leaves. This difference was 

significant at the 1% level. 

Available evidence suggests that, a) soil ap 

plications of Zn chelates up to 1 lb of material 

per tree are not generally effective; b) soil ap 

plications of Zn sulfate to soils with pH's be 

tween 7 and 8 may be effective in some orchards; 

c) if effective, soil applications will probably re 

main effective for 2 or more years; and d) foli 

age sprays of Zn are effective for only a short 

period of time, presumably because Zn is not 

readily translocated from old to young leaves. 

Thus, where additional Zn is needed, foliage 

sprays should be applied annually. 

Iron 

Iron chlorosis of avocado in California has 

been observed only on the alkaline soils and is 

usually associated with free calcium carbonate 

(lime) in the soil and impaired drainage. Spray 

application of Fe materials has not been effec 

tive. The chlorosis is frequently accentuated by 

keeping the soil high in available water. In many 

cases the chlorosis can be reduced by letting the 

soil dry more between irrigations. Alternate row 

middle irrigations have been effective in a num 

ber of instances. This allows one side of the tree 

to dry while there is ample water in the soil on 

the other side. However, control of soil moisture 

at best is only partially effective. Encouraging 

results were obtained with a soil application of 

from y2 to 2 lb of 138-HFe per tree (2). This 

material is expensive and although it is effective 

in most cases, there are cases of failure. More 

effective means of correcting the chlorosis are still 

needed. 

The Guatemalan rootstocks are more suscep 

tible to iron chlorosis than the Mexican root-

stocks (9). 

Chloride and Sodium Excess 

The avocado will show symptoms of excess Cl 

under conditions where most tree crops will not 

be noticeably affected. The source of the Cl is 

primarily from the irrigation water. Usually 

more tipburn of leaves can be observed with use 

of manures than with inorganic chemica] ferti 

lizers. Generally, the use of Guatemalan root-

stocks will result in less tipburn and a lower con 

centration of Cl in the scion leaves than will the 

use of Mexican rootstocks (7). Reduction of the 

damage can best be achieved (if higher quality 

irrigation water is not available) by using an 

irrigation program that prevents the concentra 

tion of Cl in the soil solution around the roots. 

Sodium damage is occasionally observed. Ma 

nures and irrigation waters are the common 

source of Na. As with Cl, a good irrigation pro 

gram is essential to combat Na excess. 

Tentative Leaf Analysis Guide 

Leaf analysis is an effective diagnostic tool 

and is being used in California as a guide in 

planning nitrogen fertilizer programs. Although 

leaf analysis information for the avocado is 

limited, there is enough to establish some tenta 

tive guidelines (Table 4). These guides are cer 

tainly subject to change as more information be 

comes available, but in the present form they can 

serve a useful function. 
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