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Abstract

Autumn fertilization with nitrogen (N) and phosphorus (P) for eight years increased yield by
50% in avocado (Persea americana). The supplementary NP-treatment was compared with
normal spring and summer fertilization alone. The yield increase was accompanied by increased
root mass and activity in the spring, as monitored by increased white root tip density. The roots
of NP-treated trees had higher levels of calcium (Ca) and endomycorrhiza.

The concentration of P in roots was higher in NP-treated trees, while no differences were
found in the concentration in leaves. The mineral composition was different on roots of different
diameters. In thin roots (<1-mm-wide) of NP-treated trees, the P concentration was twice as
high and there was a change in the quantitative relationship between the cations. NP treatment
decreased the concentration of potassium and magnesium and increased the concentration of Ca.
Also, in wider roots, there was a change in element concentration with trends similar to those in
thin roots although not always as great as in thin roots. The concentration of microelements in
roots was not affected by NP autumn fertilization.

Further work must be done to determine the element concentration in roots during the
growth season to verify the possibility of using these data as a measure of the nutrient status of
the tree.
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Introduction

Root morphology and root-shoot relationships are affected by mineral nutrition (Aung,
1974; Hackett, 1968). In general, nitrogen (N) causes an increase in root mass and number of
root hairs, phosphorus (P) and potassium (K) cause and increase in ramification of the roots, and
calcium (Ca) improves root hardiness (Vogt et al., 1991).



Sub-optimal mineral nutrition, especially P and N, often results in an increase in root/shoot
ratio (Alberda, 1965; Barley, 1970; Bourna, 1967; Taylor et al., 1976). Sometimes elongation of
the main root occurs at the expense of the lateral roots at sub- optimal K (Jensen, 1982) and N
(Clement et al., 1979) levels.

A different kind of root morphology modification can be found when only a limited volume
of roots of plants with mineral deficiencies are fertilized (Russel, 1977). In this case there is an
increase in number of lateral roots, especially with N and P fertilization (Drew et al., 1973;
Drew et al., 1975). With K there is also a general increase in the number of lateral roots, and not
only in limited fertilized volume (Drew et al., 1975). The mineral nutrition, especially of N, and
P, can also increase the length and density of the thin roots.

The form of N supplied to the root can influence the growth and viability of the root.
Ammonium leads to a lower root turnover and biomass, and nitrate leads to a higher root
turnover and biomass (Aber et al., 1985; Smucker, 1984).

Root mass is in part controlled by the photosynthate source and competition between sinks
that determine the carbohydrate distribution. There is a slow turnover of the thick roots (Vogt et
al., 1991) and a fast turnover of the thin roots (Cox et al., 1978; Reynolds, 1970; Vogt et al.,
1991).

Thin roots are generally associated with mycorrhizal fungi (Vogt et al., 1981) that can
influence their longevity. In forest trees the lack of mycorrhiza can shorten root longevity to a
few weeks; with mycorrhiza the roots can remain active for some years (Vogt et al., 1991).

In a previous work we reported an highly significant yield increase in avocado by autumn
fertilization with N and P (Reuveni et al., 1989). There was an increase in yield despite the
similar concentrations of N and P as determined by standard leaf samples of NP-treated and
control trees. The highest yield in NP-treated trees was accompanied by greater leaf number
during the spring, and reduced leaf abscission during fruiting season (Reuveni et al., 1989). An
occurrence of extremely hot winds in May 1988, which caused a large decrease in lIsrael
avocado yield, lead to a more rapid old-leaf drop in control trees compared with NP-treated
trees (Reuveni et al., 1989).

Preliminary observations on the rapidity of root renewal in the spring by NP-treated trees in
the present work, lead us to hypothesize that the increased yield is a result of the nutrient
treatment effect on root growth and morphology. In the present work we determined the effect
of autumn fertilization with N and P on the element composition of roots and the rapidity of root
renewal in the spring.

Materials and methods

An avocado (Persea americana Mill.) plantation growing on sandy-loam soil, pH 7, in
Kibbutz Nir-Eliahu in the Coastal Plain of Israel was selected. The trial was initiated in
November 1985 when the plantation was 7-years-old. The trees were cv. 'Hass' on Nabal stock.
A group of thirty trees was selected for the trial. Ten completely randomized blocks of 3
consecutive trees in a row were established. Five blocks were subjected to an NP-fertilizer
treatment during November of each year. Five blocks served as non-treated controls.

Standard horticultural treatments. The irrigation was effected with mini-jets twice a week.
During spring and summer the plantation fertilizer was distributed through the irrigation system.



A total of 25 kg N/ 1000 m? was applied each season. Potassium was applied only during 1988
and 1989 at a rate of 25 kg K/ 1000 M? per season.

Autumn fertilization treatment The NP-fertilizer treatments were applied through the
irrigation system twice each year during two successive irrigations of 6 mm. An "8-26-0"
fertilizer was prepared with ammonium nitrate and phosphoric acid and injected into the
irrigation water; the mean amount applied each autumn during the eight years of experiment
was 2 kg N and 6.5 kg P,Os / 1000 M? per season.

Root and soil sample. Soil samples were taken in March each year with a 0.5-liter- volume
metal tube (8-cm-diarneter X 10-cm-length). The samples came from the irrigated region under
the tree canopy at a distance of 40 to 50 cm from a mini-jet. Leaf debris was cleared away prior
to taking the core which contained soil and roots. Six to 8 cores were sampled from the central
tree of each replicate. The soil was separated from the roots by sieving through a 2 mm screen
taking care to prevent loss of small roots. The screened soil was taken for chemical analysis.
Roots were used for determination of root number, mass and mineral composition.

Determination of root dry weight and mineral composition. The total number of white-
colored root tips visible during the spring flush served as the measure of root activity. Because
S0 many roots tips were counted at the first counting in May 1991, we decided to determine root
activity earlier (March) in the following years. After counting the root tips, all the roots were
classified and separated according to their diameter and color: white roots (a) 0 to 0.9 mm, (b) 1
to 1.9 mm, (c) 2 to 3 mm, and dark roots.

After washing the roots with distilled water they were prepared for mineral determination.
Roots were placed in sulfuric acid 10% (v/v) for a few seconds, rinsed with distilled water and
dried at 60 °C for a few days (until there was no change in sample weight). The light colored
roots were ground in a Wiley mill and mineral composition was determined in the Plant
Nutrition Laboratory of the Faculty of Agriculture, Rehovot.

Association of thin roots with mycorrhizal fungus. Root samples for evaluating the percent
of root colonized by mycorrhizal fungi were collected on 30 July 1992, in a similar way to that
of the spring root sampling. A composite sample from the several soil cores around each
central-tree was screened, washed under running water, and the remaining light-colored roots
were randomly separated into 10 g aliquots.

The preparation of the roots for mycorrhizal determination was done as described by Haas et
al. (1986). The roots were cleared in 2% KOH at 95 °C rinsed in 1% HCI and stained with
Trypan-Blue.

The percent of roots colonized with endomycorrhizal fungus was estimated by the visual
evaluation method as described by Giovannetti et al. (1980).

Leaf analysis. In October 1993, 15 mature leaves were sampled from the central tree of each
block and nutrient analysis was performed in the Plant Nutrition Laboratory of the Faculty of
Agriculture, Rehovot.

Yield. Avocado fruits from the three trees of each block were collected separately and
weighed during each year of the trial.



Statistical analysis. Analysis of variance was performed separately on the data from each
sampling. Means separation was by F-test or Duncan's Multiple Range Test, as appropriate.

Results

Soil and leaf analysis. In the spring of 1992, seven years after the start of autumn NP-
treatments, there was no significant fertilizer effect on the N or K concentrations or electrical
conductivity in the soil. There was 3.0 mg NI kg soil, 4.3-4.6 mg K/ kg and conductivity was
0.35-0.36 dS/ in. The available P under NP-treated trees was 27 mg/ kg and that under control
trees was 13 mg/ kg.

Concentrations of N, P, K and Ca were similar in leaves of NP-treated and control trees
sampled in October 1993, the last year of the trial. On a dry weight basis the mean of NP-treated
and control roots was 1.82 and 1.88 % N, 0.196 and 0.188 % P, 1.01 and 1.06 % K, and 2. 10
and 2.17 % Ca, respectively.

Mineral composition of the roots. The mineral composition of the thin (up to 3-mm- wide),
light-colored roots sampled in March 1992 and 1993 was similar in both years and only the
1993 results are presented (table 1). The concentration of some elements differed in roots of
different width. The N, Mg, Zn, Mn and Cu concentrations were higher in the thinnest roots (<I-
mm width) and decreased with the increase in root width. The autumn NP-fertilization greatly
increased the concentration of P and Ca in the roots (P<0.01), especially those up to 2-mm
diameter. The autumn NP-fertilization caused a decrease in K concentration of the thinnest roots
(<1-mm width) and of the widest roots (2 to 3-mm width). There were no significant differences
in the concentration of the other elements measured.

Root mass and activity. The number of root tips in the 4-liter soil collected served as a
measure of root activity in spring. The autumn NP-fertilization stimulated earlier and increased
root activity. In the mid-March and early May there were two to five times more root tips in
NP-treated trees than in control trees (table 2).

The dry weight of roots in the sample was considered a measure of the total tree root mass.
The autumn NP-fertilization resulted in a doubling or tripling in the small root mass (table 3).
The weight of larger, dark roots was increased by 50% by the fertilization treatment (table 3).

Yield The average yield of the 8-harvests from 1986 to 1993 was significantly higher in
NP-treated trees. There were 29.5 kg fruit/ tree/ year in control trees and 44.2 kg in treated
plants.

Mycorrhizal symbiosis. Autumn NP-fertilization caused an increase in the association of
thin roots with mycorrhizal fungi . The mycorrhizal fungus colonization was doubled by the
NP-treatment (table 4).

Discussion

Supplementary fertilization with N and P for an eight-year-period from 1986-1993 caused a
50% increase in mean yield of avocado. This increase was recorded despite the lack of evidence



of N or P deficiency in leaves, based on the levels generally accepted in Israel (2% N and 0. 12%
P, dry weight basis).

The K concentration was higher in leaves of control trees during the first years of the trial
(1986 to 1989) (Reuveni et al., 1989). This difference in K concentration was annulled by
fertilizing both treatments with K in 1988 and 1989.

The increased yield following autumn NP-fertilization challenges the validity of the standard
leaf analysis recommendations for sufficiency of these two elements. In a previous report
(Reuveni et al., 1989) we suggested the need for selecting a different plant tissue for nutrient
status analysis of avocado. This is one consideration that lead us to examine the mineral
composition of roots and to determine the kinetics of the changes in mineral composition of
leaves and flowers during spring (Yoel Bar and Leo Winer, paper in preparation).

In the present work we found differences in nutrient concentration of roots depending upon
the root width. The most important differences in the nutrient concentration in roots following
autumn NP-fertilization were found in the thin roots (<1-mm-width). The P concentration in
roots was increased and K concentration decreased by autumn NP fertilization.

More work must be done to determine the time-course of changes in element concentrations
in roots during the season, before these data can be employed as additional parameters for
determining the mineral nutrition status of avocado.

One of the important findings of the present work is the effect of autumn NP- fertilization on
the greater intensity of root activity in the spring and, after eight years of the trial, a very
significant increase in total root mass. The higher total root mass may be the result of the
prolonged root longevity. Many factors are known to influence root development and longevity.
Brown et al. (1984) thought that soil parameters are paramount to genetic parameters in
determining the rate of root turnover. This would lead to more intensive root development in the
parts of the soil mass with less water or nutrient deficiency and to greater nutrient uptake by the
roots (Eissenstat et al., 1988; St. John et al., 1983). This, in contrast with more rapid aging and
root death in the adequately watered and fertilized parts of the soil.

The autumn NP-fertilization increased the symbiosis of thin roots and mycorrhizal fungi.
The mycorrhizal symbiosis is known to positively affect the longevity of roots (Vogt et al.,
1991), and cause increased concentrations of Ca, an element known to strengthen roots (Vogt et
al., 1991). An important effect of mycorrhiza is to improve the transfer of available-P to roots
and this was evident in our results. High levels of P in roots can inhibit mycorrhizal
development but not at the levels found in the treated-tree roots.

We postulate that the increased root growth and avocado yield was largely due to the greater
absorption of P in treated trees and that the mycorrhizal fungi contributed significantly to this
absorption.
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Table 1: Elemental composition (dry weight basis) of three root-width categories of
avocado, Sampling was on 17 March 1993 following eight years with or without
supplemental fertilization treatments with N and P each autumn. Different letters beside
the means in a row indicate significant statistical differences (P<0.05).

Thinner than 1 mm 1-19mm 2-3 mm

Element Control NP-fert. Control NP-fert. Control NP-fert.
N (%) 19 a 19 a 1.5 b 16 b 1.5 b 1.2 b
P (%) 021 b 042 a 0.16 b 033 a 017 b 024 a
K (%) 205 b 1.50 a 1.87 b 182 b 231 b 1.69 a
Ca (%) 050 b 070 a 040 b 063 a 041 b 0.52 a
Mg (%) 053 a 046 a 034 b 035b 028 ¢ 025 ¢
B (ppm) 22.1 21.8 325 27.7 269 24.8

Fe (ppm) 612 a 663 a 446 b 380 b 525 a 378 b
Zn (ppm) 93 a 114 a 61 b 88 a 46 b 62 b
Mn (ppm) 55 a 64 a 35 b 42 b 33 b 30 b
Cu(ppm) 55 a 60 a 33 b 36 b 18 ¢ 31 b

Table 2: Number of root tips in a 4-liter sample of soil in which avocado were growing.
The supplementary N and P fertilization was applied each autumn beginning in 1986,
Different letters beside the means in a row indicate significant statistical differences

(P<0.01).
Date of sampling Control NP-fertilization
3 May 1991 52 a 200 b
16 Mar 1992 22 a 108 b

17 Mar 1993 362 a 792 b




Table 3: Root dry weight (g) in size- and color-categories of roots from avocado trees
treated with autumn supplementary fertilization with N and P initiated in 1986. The roots
were contained in a 4 liter sample of soil. Different letters beside the means in a row
indicate significant statistical differences between them (P<0.05).

Root category Date of sampling__ Control NP-fertilized
White, 0-0.9 mm 16 Mar 1992 0.72 a 166 b
17 Mar 1993 093 a 187 b
White, 1-1.9 mm 16 Mar 1992 042 a 138 b
17 Mar 1993 071 a 1.18 b
White, 2-3 mm 16 Mar 1992 0.30 a 1.68 b
17 Mar 1993 0.68 a 1.57 b
Total white, 0-3 mm 16 Mar 1992 1.44 a 472 b
17 Mar 1993 243 a 461 b
Total dark 16 Mar 1993 891 a 1291 b
17 Mar 1993 967 a 16.60 b

Table 4: Mycorrhizal fungus colonization of thin roots of avocado. The roots were
sampled on 30 July 1992. Different letters beside the means indicate a significant
statistical difference (P<0.05).

Treatment Root length colonized (%)

Control 236 a
NP-treatment 440 b
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