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HortScience 31(2):224-229. 1996. in the leaf tissue has been establishealgit 20
g leaf dry weight (Goodall et al., 1979), with
I ih I 30 to 150pg-g! considered to be normal.
ZI nC Fertl I IZBIIOI’] Of Avocado Trees Using traditional sampling methods, Zn defi-
ciencies are not always diagnosed easily, with

David E. Crowley' and Woody Smitr? bulk samples collected from the entire or-
Department of Soil and Environmental Sciences, University of Californiggrd, because affected trees frequently occur
Riverside, CA 92521 in clustered groups where the soil is calcare-
ous, or on trees that have feeder roots damaged
Ben Fabef by phytophthora root rot (Whiley et al., 1987).
University of California, Cooperative Extension, 800 South Victoria Avenlilesome cases, visual leaf yellowing symp-
L#1280. Ventura. CA 93009 toms attributed to Zn deficiency also may be
! ! confused with Fe deficiency, which produces
John A. Manthey? somewhat similar leaf symptoms and can oc-

Fruit and Vegetable Chemistry Laboratory, 263, South Chester Avenue, gYfgmultaneously on calcareous soils. As a
result of this confusion and the historical prob-

Department of Agriculture, Agricultural Research Service, Pasadeng, i zn deficiency, avocado growers have
CA 91106 used a variety of methods with inconsistent
success or they may fertilize an entire orchard
to correct a deficiency that is apparent in only
a few highly visible trees.

Abstract.Methods for Zn fertilization of ‘Hass’ avocado Persea americanalill.) trees Several methods have been developed to
were evaluated in a 2-year field experiment on a commercial orchard located on acorrect Zn deficiency, including foliar appli-
calcareous soil (pH 7.8) in Ventura County, Calif. The fertilization methods included soil- ¢ations of ZnSQand Zn chelates (Goodall et
orirrigation-applied ZnSO ,; irrigation-applied Zn chelate (Zn-EDTA); trunk injection of ~ @l- 1979; Lee, 1973), trunk injections (Whiley
Zn(NO,),, and foliar applications of ZnSQ,, ZnO, or Zn metalosate. Other experiments €tal., 1991), or soil applications of Zn fertiliz-
evaluated the influence of various surfactants on the Zn contents of leaves treated witr€S (Embleton et al., 1966; Wallihan et al.,
foliar-applied materials and on the retention and translocation of radiolabeledznSo, ~1958). There is no consensus as to which
and %Zn metalosate after application to the leaf surface. In the field experiment, tree Method is the most effective, particularly for
responses to fertilization with soil-applied materials were affected significantly by their ©rchards on calcareous soils, or which materi-
initial status, such that only trees having <5Qig-g* had significant increases in foliar zn @IS are best used with the various application
contents after fertilization. Among the three soil and irrigation treatments, ZnSQapplied ~ téchniques. Foliar application of Zn fertilizers
at 3.2 kg ZnSQ per tree either as a quarterly irrigation or annually as a soil application Y helicopter is one of the more common
was the most effective and increased leaf tissue Zn concentrations to 75 andug@y?, Methods used in southern California because
respectively. Foliar-applied ZnSQ, ZnO, and Zn metalosate with Zn at 5.4, 0.8, and 0.9 Of the difficulty of the terrain. However, there
gliter -, respectively, also resulted in increased leaf Zn concentrations. However, experiiS concemas towhether Zn applied to the outer
ments with ®Zn applied to leaves of greenhouse seedlings showed that <1% of Zn applied®@f canopy is translocated to the inner canopy,
as ZnSQ or Zn metalosate was actually taken up by the leaf tissue and that there was little €Veloping fruit, and roots (Kadman and Lahav,
translocation of Zn into leaf parenchyma tissue adjacent to the application spots or into the 1978). In some cases, avocado trees produced
leaves above or below the treated leaves. Given these problems with foliar Zn, fertilizationSMall, round fruit typical of Zn deficiency
using soil- or irrigation-applied ZnSO, may provide the most reliable method for correc-  €ven after the foliage was treated with foliar

tion of Zn deficiency in avocado on calcareous soils. Zn (Len Francis, personal communication).
Prior studies on foliar Zn fertilization of

Zinc deficiencies are common in manybeen reported to occur in acid, sandy soils thaarious plants have shown relatively little trans-
subtropical areas where avocados are growrave low total Zn contents and in warm, semilocation of foliar-applied Zn when applied
and are suspected to be an important limitingrid regions that typically have low soil or-either as ZnSQor after chelation with syn-
factor in fruit quality and tree health (Crowley,ganic matter. In these cases, the Zn is rel#éhetic chelate, such as EDTA. For example in
1992; Piccone et al., 1985). Deficiencies of Ztively soluble but is leached out of the surfaceitrus, quantities of Zn and Mn translocated
typically are associated with calcareous soilsoil occupied by the feeder roots. Thus, thérom sprayedto new leaves treated with ZpSO
in which availability of the metal is limited by strategies that should be used for correction @ficreased foliar Zn concentrations by 2 to 5
its extremely low solubility at alkaline soil pH. Zn deficiency depend largely on the soil pHmgkg™, but only in some years and was con-
Under these circumstances, applications @nd, perhaps, on the amount of organic matteidered a negligible effect (Swietlik and
inorganic fertilizers, such as Zng@esultin available to form metal complexesLaDuke, 1991). In peaP{sum sativuni.),
temporarily increased availability until the(Labanauskas et al., 1959; Srivastava et abnly 25% and 75% of Zn applied as Zn-EDTA
metal precipitates out of solution as the poorl{981). Other factors that influence Zn defi-or ZnSQ, respectively, was recovered after
soluble oxide. Zinc deficiencies also haveiency are high levels of N and P fertilizersemoval of epicuticular waxes, of whieB%

(Labanauskas et al., 1959) and seasonal flum 10% was translocated from the treated tis-
Received for publication 15 May 1995. Acceptec}ugtions in leaf micronutrient contentsuel(Ferrandon and Chamel, 1989). Inthe only
for publication 14 Oct. 1995. This research waéBingham, 1961; Labanauskas et al., 19613vailable study on avocado (Kadman and
supported by a grant from the California Avocaddhat may be related to irrigation and climatid-ahav, 1978), there was no translocation of
Commission. Mention of a product or trade naméactors affecting root growth and nutrient up#ZnCl, from spots applied to intact leaves,
does not imply endorsement or recommendation d¢éke. even to adjacent parenchyma tissue. Among
the product. The cost of publishing this paper was Foliar symptoms of Zn deficiency are mani-the various foliar materials we tested, amino-
defrayed in part by the payment of page chargefested in the new leaf tissue by a reduction iacid chelates (metalosates) have been taken up
LbJ”?]er pgSta' ri%tj.d'c"j"“on.s' this parl)elr ther eg(_"e MURLaf size and by development of “mottleleaf,”and translocated more effectively than inor-
e hereby markeddvertisemensolely to ndicate \hich is characterized by interveinal leaf yel-ganic metal salts or the synthetic chelate EDTA

Additional index worddoliar applications, surfactant, fertigation, trace metal deficiencies
Persea americana

this fact. . . . b : .
1Assistant Professor: towhom reprintrequestsshou|ﬁwmg caused by |mpa|r_ed chlorophyli syn-in a variety of crops and trees (Hsu, 1986;
be addressed. thesis. Other symptoms include shortened irBhazly, 1986), but to our knowledge, there
2Staff Research Associate. ternode length on the branches, reduced fruitave been no comparisons of foliar-applied
3Farm Advisor. size, and in ‘Hass’ avocado, the production ofaterials for avocado. Recognizing that there

“U.S. Dept. of Agriculture Research Chemist.  round misshapened fruit. The critical Zn levelre a variety of problems associated with evalu-
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Table 1. Schedule of application methods, Zn materials, and application rates for treatments used to correct Zn deficiency in ‘Hass’ avocado on a calcareous s

Application Zn Application
method material % Zn Rate Timing
Control NA: NA
Foliar Sulfate 36 15 gjter* Once per year applied June 1993 and 1994
Metalosate 6.8 11.7 rtiter* Once per year applied June 1993 and 1994
Zintrac 8 40 2.3 militer? Once per year applied June 1993 and 1994
Trunk injection Nitrate 34 10% Zn(N{, at One time injection Oct. 1992
15 mkm-t diameter
Simulated irrigation Sulfate 36 794 gltree Quarterly, applied Oct. 1992; Jan., Apr., July, and Oct.
1993; and Feb., Apr., and July 1994
Chelate 14 42 gltree Quarterly, applied Oct. 1992; Jan., Apr., July, and Oct.
1993; and Feb., Apr., and July 1994
Soil banding Sulfate 36 3.2 kg/tree Once per year applied Oct. 1992 and Feb. 1994

NA = not applicable.
YFoliar materials applied at 900 litdra™.

ating avocado tree responses to foliar Zn fer-
tilizers, this research combined field and labo-
ratory studies to compare the efficacy of soil 250
and foliar Zn fertilization methods for correc-

tion of Zn deficiency in avocado.

200

Materials and Methods

dry weight}

Zinc application in orchardA mature or-
chard (>15 years old) planted with ‘Hass',
avocado on Mexican rootstocks was selected?
afterasurvey onn-deficientorchardsthrough-‘é
out Ventura County, Calif. The orchard, under3 100
commercial management, was located on a
moderately sloping (15% to 30%) hillside on
the Las Posas Hills adjacent to the Santa Rosa
Valley. Soil on this site was characterized as a
Soper loam containing free CaG@hich was _
60 to 150 cm deep over conglomerate rock. :
Surface soil (0 to 20 cm) pH values ranged ol : ' -
from 7.8 to 8.0 and were buffered by 0.1% to Control Zn Zn Sulfate Zn Oxidle

150

30

3% soil carbonate. Patchy areas containing Metalosate Foliar Spray Foliar Spray
CaCQ were associated with chlorotic trees Foliar Spray
that were subsequently determined to be Fe Zinc Treatment

and Zn deficient. At the start of the experi-

ment, all of the trees were permanently num-

bered and mapped, and baseline nutrient analy-

ses were conducted using leaf samples frofrig. 1. Zinc concentrations in ‘Hass’ avocado leaves after foliar application of Zn metalosa@e48g
individual trees. To eliminate possible prob- Zn/liter), ZnSQ (5.4 x 10° kg Zn/liter), and ZnO (& 10*kg Zn/liter). Vertical bars represesws of

lems with Fe and Mn deficiency, the trees the means within each treatment. All sprays were applied to the canopy to runoff u;ing a commercial
were fertilized with Fe-ethylenediamine di (0- spray applicator from ground level. The surfactants, Sun-It Il and Kinetic, were used in 1993 and 1994,

hydroxyphenylacetic acid) (EDDHA) (Libfer respectively.
6% Fe; Allied Colloids, Brampton, Ont., ous compounds. Soil-applied materials wereome treatments following an orchard thin-
Canada) and Mn-EDTA (12% Mn; W.R. Graceplaced in a 1-m-wide band in the minisprinkleming in 1993. Foliar analyses on individual
and Co., Lexington, Mass.) at 142 and 57 gfrigation-wetted zone 0.5 to 1.5 m from thetrees receiving either foliar- or soil-applied Zn
tree, respectively, using a banded applicatiobase of the trunk. Irrigation-applied Zn fertil-were conducted yearly to monitor the efficacy
0.3 to 1.5 m from the trunk. izer was dissolved in water and applied to thef each treatment and the degree of variation
The experimentinvolved a completely ran-entire sprinkler-wetted soil zone using a wathat occurred among trees using the various
domized design for the soil- and irrigation-tering can. Trunk injection was accomplishedertilization methods. Yields of ‘Hass’ or
applied materials and individual sets of simiusing a propane gas-powered guninserted intBuerte’ avocado trees previously have been
lar trees for the foliar treatments. The Zrapredrilled hole (6 mm in diameter) at the basenaffected by correcting Zn deficiency, as
materials included soil- or irrigation-appliedof each of the main scaffold limbs (Phillipsdocumented by a field study conducted over 6
ZnS0, (36% Zn); irrigation-applied Zn-EDTA Gas Gun, N.J. Phillips PTY, Somersby, Newears (Kadman and Lahav, 1978). Thus, data
(14% Zn) (Librel Zn; Allied Colloids); trunk South Wales, Australia). Injections were confeported in our research focused on changes in
injection of Zn(NQ), (3.5% Zn); and foliar- ducted early in the morning during the periodoliar Zn content to compare the efficacy of the
applied ZnSQ ZnO (40% Zn) (Zintrac-8; of active leaf transpiration to reduce backZn fertilizer materials when applied to ‘Hass’
Shield Brite Corp., Kirkland, Wash.), or Znpressure and facilitate rapid uptake into thavocado through the soil and the irrigation
metalosate (6.8% Zn) (Albion Laboratories]imbs. Foliar fertilizers were applied to runoffwater or as a foliar spray. All data were sub-
Clearfield, Utah) using the timing and quanti-using a gasoline-powereel60-liter spray rig jected to analysis of variance (ANOVA) using
ties describedin Table 1. Application methodeperated at ground level. a computer software program (Systat,
and timing were based on recommended pro- Eighteen replicate trees randomly werdevanston, Ill.). When ANOVA generated a
cedures previously developed by farm adviassigned to each treatment for the soil- arglgnificant F value, mean separations were
sors and commercial applicators or were redrrigation-applied materials. The number ofdetermined by pairwise tests for the indi-
ommended by the manufacturers of the varieplications was reduced to 14 to 16 trees faridual trees in each treatment. In the green-
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house experiment witffZn isotope-labeled examined the effects of three surfactants useélree Zn fertilizers in combination with each
fertilizers, the data were analyzed by Kruskalin combination with each of the foliar spraysurfactant or with no surfactant. Three of the
Wallis ANOVA on Ranks, with mean separa-fertilizers. All of the materials were applied inleaves from each treatment were collected
tion by Student-Newman—Keuls all pairwiseApr. 1994 to newly expanded ‘Hass’ avocadammediately after spraying and after 1, 2, and
multiple comparison procedures (Sigma Stateaves. The surfactants included a methylatetlweeks to assess changes in Zn content over
Jandel Scientific Software, San Rafael, Caseed oil adjuvant, Sun-It Il (Americantime. Leaves were washed sequentially,
lif.). Cyanamid, Grand Forks, Nevada), the indusubsampled at each step, and processed indi-
A preliminary experiment examined thetry standard nonionic polyoxyethylenesorbitarvidually for analysis by flame atomic absorp-
Zn, Fe, and Mn concentrations for 20 indi-detergent Tween 20 (Sigma Chemicals, Stion spectroscopy.
vidual leaves collected from four trees to astouis), and a nonionic silicone oil-based sur- Distribution of radiolabeled ZnUptake
certain the appropriate sample size to minifactant, Kinetic (Setre Chemical Co., Mem-and translocation of foliar-applied Zngénd
mize variation within bulk samples collectedphis). Twelve leaves per treatment were taggethelated Zn metallosate were evaluated using
from individual trees. Using a sample-sizeand sprayed in early morning with each of théhe radioisotopéZn (Dupont, Wilmington,

statistical formula, a minimum of 25 leaves ) ] ) ) L ) )
per tree was required for most trees to genera-féble 2. Foliar concentrations of Zn for trees with low and high Zn contents before fertilization with soil-

a mean value with a 10% error. Leaf washina and irrigation-applied Zn fertilizers in 1992 and after fertilization in 1993 and 1994.

procedures used for routine analyses of treés Foliar Zn concn j{g-g)

analyzed from Aug. 1992 to Aug. 1993 fol-rreatment NG. Initial tree status 1992 1993 1994
lowed industry standard procedures (Chapméaione (control) 8 <50 38(19)  40(28) 37 (3.0)
et al., 1978) that use a dilute soap-and-water 10 >50 57 (1.9) 54 (6.7) 43(2.1)
solution, followed by a tap water and threen-EDTA irrigation 6 <50 41 (3.3) 7314.1) 57 (14.1)
deionized water rinses. In the foliar fertiliza- 10 250 58 (1.6) 50 (3.9) 44 (3.1)
tion experiment conducted in 1994 to examingnSQ irrigation 9 <50 37 (2.0) 75(5.4) 86" (7.6)
surfactants, more stringent procedures were _ S 250 57 (2.1) 56 (5.8) 55 (4.7)
tested in which leaves were washed in a dilutg"S@ soil banded 12 <50 38 (1.8) 868.9) 99 (9.4)

soap-and-water solution, followed by a tap 4 250 58 (2.5) 103 (32.2) 61 (21.4)
water rinse, and a final Oihydrochloric acid “Number of replicate trees after random assignment to the various fertilizer treatments.
wash for varying intervals ranging from 15 SeéVaIues for trees having low and high Zn contents in 1992 are before fertilization with Zn. Values in
- . - arentheses aee of the mean.
to 5 min to dissolve Zn adhering to the IeaP**Significant atP < 0.05 or 0.01, respectively, between 1992 and 1993 and between 1992 and 1994 using

surface. Hydrochlorlc ?C'd WaSh'ng_preV'OUSIya pairwise test comparing changes in foliar Zn concentrations for individual trees.
has been highly effective for removing surface

precipitated metals after foliar appllCa‘t'onsl'able 3. Two-way analysis of variance of avocado tree responses to soil fertilizer treatments and effect of

(Ferrandon f"md Chamel, 1989). . initial tree status in 1992 before fertilization.

To examine how much Zn was associate=
with the epicuticular waxes, subsamples of Analysis of variance
acid-washed leaves were rinsed in deionizegource Sum of squares df Mean square Frato P
water and further treated with hexane. Subsd+eatment 13,097 3 4,365 8.963 0.000
quent procedures, developed from the Ieaﬁfgztgrggk category 4217383 13 4i7??g4 9;531 0608438
washing experiments and used for the surfaé—rror 26,790 - n8r

tant experiments and the main field experiz
ment in 1994, used a dilute soap_and_waté}'rees were divi_dg_d into two categories depending on their initial foliar Zn contents: trees with <50
wash followed by a tap-water rinse, a deion#9:9™ and trees initially having >50g-g™.
ized-water rinse, a 1-min acid rinse, and three
deionized-water rinses. 500%

Leaves processed for analyses after wash-
ing were dried in paper bags in a forced-air o 1993
oven at 60C for 3 days, after which they were - 1994
ground with a Wiley mill to pass a 1-mm mesh 400%
sieve screen. Weighed subsamples were tran
ferred to Teflon vessels for microwave diges-&
tion in 5, 2, and 1 ml of concentrated HNO
30% HO,, and deionized water, respectively
(Sah et al., 1992). The samples were heat
under pressure for 15 min, after which th * .
liquid digests were cooled to room tempera 200% o° o o
ture, transferred to 25-ml volumetric flasks,
and diluted to a final volume of 25 ml with ;=
deionized water. Samples were analyzed ug+
ing an atomic absorption flame spectropha'y ~ 100%
tometer (model 5000; Perkin Elmer, Norwal
Conn.). Reagent blanks and appMa(us
domesticaBorkh.) leaves (model SRM 1515; 0% |
National Institute of Standards and Technol- e ® 8o
ogy, Gaithersburg, Md.) were included with L ) L e
each analysis for quality assurance. Measured
values for the standard reference materials 20 30 40 50 60 70
were generally within 5% of the reported con-
centrations. ags

Evaluation of surfactantsA second ex- Initial Zn Content
periment, conducted at the Univ. of Californiarig. 2. ‘Hass’ avocado responses to soil applications of Zn fertilizers as affected by their initial Zn status.
Agricultural Expt. Station in Riverside (UCR),  Line was fit to data points by regression analysis (r = 0.704).

*0

300%

T
*
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Del.) with 6-month-old, container-grownavo-  jgpn : : :

cado seedlings. The isotope was purchased as

Zn chloride in 0.5¢ HCI (specific activity 5.5 _I_

x 1(f Bg-mg™). Zinc metalosate was prepared 140

by complexation with a proprietary amino-

acid hydrolysate by Albion Laboratories, who _ B |

provided technical support and materials used 129 Soan and Water

for preparation of the radiolabeled chelate at> &Aci:msh

UCR. Zinc metalosate contains 7% Zn bys 00 ! -

weight with a specific gravity of 1.25. The Zn & MHexane

complex, containing 3.¥ 1¢Bg-ml*, hada -

specific activity of 43.7 Bqug™ Zn. Radiola- = go |- : T : — E—

beled ZnSQ was prepared at a 6.5% (V/V) '» .

concentration by adding 2@ of #ZnCl, to g
L]

—_

180ul of 1.1m ZnSQ,. Taking into account the 60 | B - T
concentration of HCI added with the isotope,l-hgJ
the final solution was95% ZnSQ and 5% o B ) ]

ZnCl, and had a specific activity of 57

Bg-pgtZn. [
To examine differential absorption into the 20

upper or lower sides of the leaves, 12cppts

of the radiolabeled materials were applied to

individual leaves of greenhouse, container- 0— —t— "
grown avocado seedlings using five replicate Zinc Metalosate Zinc Sulfate Zinc Oxide
trees per treatment. Mean dry weight of the Zinc Treatment

treated spots was 8 magT2 Leaves selected

for treatment were all newly expanded leaveBig. 3. Successive washing treatments for avocado leaves for removal of extracellular Zn applied as Zn

located three leaves down from the stem apex. metalosate, ZnSQor ZnO after foliar application in a water base with no surfactant. Vertical bars

After the leaves were treated in the morning, represenses of the means within each treatment. Leaves were processed 4 h after application.

the materials were allowed t rb into th

€ materia's were aflo ed to absorb into §ﬁble 4. Wash removal and leaf retention (percent of that applied) of foliar-applied, radiolabelgdthSO

leaf tissue for 3 days. The treated leaves th ; L )
I . Zn metalosate by leaves of greenhouse-grown avocado seedlings 3 days after application to the adaxial

were analyzed individually by removing the

. L . or abaxial side of the leaf surface.
leaf and excising the application spot with 2

razor blade. The excised tissue containing tHeemoval ZnSQ Zn metalosate

application spots was treated by washing imethod Adaxial Abaxial Adaxial Abaxial
vials containing 10 ml soap and water for Soap and water 96.5 a (25) 96.8 a (0.9) 98.4 a (0.6) 92.8 b (2.8)
min, followed by a 10-ml water rinse; a 1-min,Water rinse 1.7a(1.8) 13a(0.5) 0.8a(0.2) 13a(0.4)
10-ml acid wash; and a final water rinse, usine%‘;id wash 1.0ab (0.5) 1.0ab (0.2) 0.6 b (0.4) 1.6 a(0.8)
separate vials for each sample at each st >tained by leaf 0.7a(0.4) 0.9a(0.1) 0.2a(0.1) 4.2 b (2.5)

Each of the wash solutions was analyzed fgWalues in parentheses ateof the means. Mean separation within rows by Tukey’s honestly significant
857n by liquid-scintillation counting of 1-m| difference aP <0.05.

samples to determine a mass balance for the

isotope. Translocation into adjacent leaveterials (Table 3) and that the relative responsend most expensive was Zn-EDTA chelate
was measured by sampling of the first leafvith respect to percent increase in foliar Zrapplied at the relatively low rate (43 g Zn per
immediately above and below the treated leafyas correlated (r = 0.70) with the initial Zntree) recommended by the manufacturer. Leaf
the leaf tissue adjacent to the application spatpntent of the trees before fertilization (Fig.Zn concentrations of trees initially having Zn
and the stem apex of each plant. Leaf conteB). All subsequent comparisons of treatmerat <50ug-g-tincreased from amean level of 41
of %Zn was determined using standard procaneans for soil- or irrigation-applied Zn wereto 73 and 57ug-g*in 1993 and 1994, respec-
dures with aliquid-scintillation counter (modelfiltered for trees having low and high initial Zn tively, after fertilization with Zn-EDTA, but

LS5000 TD; Beckman, Fullerton, Calif.). ~ concentrations (Table 2). this increase was highly variable and not sig-
Almost all of the Zn fertilization methods nificantly different £ > 0.05) from the Zn in
Results and Discussion resulted in increased foliar Zn concentrationghe unfertilized control trees (Table 2). One

with the exception of irrigation-applied Zn- reason for this result may be displacement of

Zn application in orchardThe mean foliar EDTAiINn 1994 and trunkinjectionof Zn(N§).  Zn from the chelate by Ca (Norvell et al.,
Zn content for all trees in this orchard beford runk injection was tested only one time (FallLl969), which was present in large quantities in
fertilization was=45ug-g, although several 1992) and gave a short-term response in whidghe soil as CaCQ
individual trees were marginally Zn deficientfoliar Zn concentrations transiently increased The most effective soil fertilizerwas Zn$0O
(normal Zn range = 30 to 1%A-gY). In our from 40 to 65ug-gin the spring but dropped applied at an annual rate of 3.2 kg Zpger
experience, variability in foliar Zn concentra-to control levels by the following August. Thetree, either quarterly as a simulated irrigation
tions in an orchard and within the canopy o6-mm holes that were drilled into each of ther annually as a single soil application, which
individual trees is typical of Zn and Fe defi-major scaffold limbs healed slowly and con4ncreased foliar Zn concentrations in low-Zn-
ciency problems and appears to be associattidued to exude sap for several months. Thistatus trees to 75 and gég—in 1993 and 86
with high CaCQconcentrations in calcareoustreatment was judged to be potentially dangeand 99ug-g*in 1994. In contrast, there were
soils. We report our leaf analysis data for 199@us because it could allow introduction ofno significant increases in foliar Zn for trees
(see Fig. 1 and Table 2) as the statistical meaR&ytophthora citricolanto the wounds, which initially having Zn at >50ug-g™ (Table 2).
for each treatment before applying the fertilis associated opportunistically with trunkOne possible exception was noted for trees
izer materials, whereas data for Aug. 1993 andlounding and desuckering in California avofeceiving ZnSQby soil banding in which Zn
1994 are for the same trees after fertilizatiorcado orchards (El-Hamalawi et al., 1994)levelsincreased from 58 to 1@ gin 1993.
An initial analysis of the data revealed thaflherefore, the treatment was discontinued. These levels decreased in the following year to
trees with >5Qug-g™* did not respond signifi-  Applications to soilAmong the three soil 61ug-g™ Due to the few trees in the high-Zn
cantly to any of the soil-applied fertilizer ma-and irrigation treatments, the least effectiveategory—treatment combination (n = 4), the
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transient increase of 1993 was not statisticallynknown proportion would be metabolicallyleaf sampling dates. Because there were no

significant. available. Thus, analysis of sprayed leaf tissugtatistically significant changes over time, the
The lack of response of trees in the initiallydoes not indicate physiological effectivenessumulative data for all sampling dates were
high-Zn category and the lack of further in-of the spray. reduced to a single mean for each of the

crease in foliar Zn after the second fertilizer Results of the field experiment at thesurfactant—fertilizer treatments (Fig. 4). Zinc
applications suggests that avocado roots magentura County field site in 1993 and 1994n control leaves was a32 ug-g?, whereas
regulate Zn uptake to maintain levels betweeshowed that all three of the foliar Zn fertilizersleaves treated with Zn§0ZnO, and Zn
50 and 10Qug-gin the foliage. The longevity resulted in an increase in foliar Zn concentrametalosate had mean Zn concentrations of 94,
of the soil fertilizer treatments needs to béions at the time of leaf analysis in August, 43, and 471g-g%, respectively, when applied
monitored to determine the frequency of fertilimonths after the materials had been applied water with no surfactant. With Zn metalosate,
izer application that is necessary to maintaifFig. 1). When applied with a methylatedthe surfactants Tween 20 and Sun-Itll actually
adequate foliar Zn contents. An importanseed-oil adjuvant (Sun-It Il), the mean leaf Zrappeared to inhibit absorption of the fertilizer
consideration with long-term use of the soiconcentrations in 1993 were 75, 100, and 128 = 0.12). The only positive benefit of a
treatments is the total quantity of Zn that isug-g* for Zn metalosate, ZnSPand ZnO, surfactant with any of the fertilizer materials
being applied. After two successive applicarespectively. In 1994, a different surfactantwas Sun-It Il with ZnO. Here, foliar Zn con-
tions, 2.4 kg of actual Zn had been applied p€Kinetic) with better dispersion properties wasentrations increased to @-g*, which was
tree, which, in a 10-fnarea, is equivalent to used but resulted in similar Zn contents taignificantly differentP>0.01) from all other
144pg-gtin the upper 10 cm of soil. Contin- those measured the previous year, except feurfactants with this fertilizer. One possible
ued annual applications may exceed the |&nSQ,, which increased leaf Zn concentrateason for this effect might be that the in-
gally allowable quantities of Zn, which at hightions to 22Qug-g™ soluble ZnO was partially solubilized to form
levels becomes a soil pollutant. Current Envi-  Surfactant effects on foliar Zn absorption a water-soluble complex with components of
ronmental Protection Agency (EPA) guide-Among the three surfactants we tested, thie surfactant.
lines for Zn are 2800.g* soil as a pollutant organosilicone-based material Kinetic gave To study leaf retention and translocation of
concentration limit and an annual pollutansuperior leaf coverage, which is one of th&n provided as foliar-applied Zng@nd Zn
loading at 140 kdna™yr?, or 63pg-g* when most important properties of a good surfacmetalosate, experiments were conducted with
applied as an organic soil amendment (EPAant. However, with one exception, the indi**Zn-radiolabeled materials applied as spots to
1994). Once the Zn has been applied to thédual surfactants had no statistically signifi-either the top or bottom of the leaf surfaces of
soil, other options would be to lower the surcant effects on foliar Zn contents immediatelygreenhouse, container-grown trees. Results of
face soil pH by applying granular S or usingfter application or at any of the subsequerhese experiments showed that generally <1%
acidic N or P fertilizers supplied with the
irrigation water.

Foliar treatments By weighing represen-
tative leaves before and after spraying, we T
determined that as much as 1 ml of spray may . 188+ T
be retained on the surface of an individual leaf:
If all of this material dried on the leaf surface
and is not removed by washing, this wetness %,
would result in more than several thousand 5 15
micrograms Zn per gram associated with the &
leaf tissue. Thus, there is an inherent problem
in evaluating the efficacy of foliar-applied
materials because any residual extracellular© 5@
Zn may be artifactually interpreted as an in- &
crease in leaf tissue Zn content. During this
research, various leaf washing methods Wereg
assessed to determine how much of the foliar+=4 29 -
applied Zn could be removed from the leaf o
surface using industry standard procedures: 1
asoap-and-water wash, 2) more stringentwash-
ing with hydrochloric acid, or 3) removal of 1]
the cuticle by treatment with hexane. We used

highly controlled conditions in which indi- Zinc sulfate Zinc oxideZinc metallesate
vidual leaves of trees at the UCR field station

were treated with fertlllze.rs .sprayed on to thie—ig. 4. Zinc contents of avocado leaves treated with ZnAED, or Zn metalosate as affected by various
upper leaf surfaces. Preliminary experlments surfactants. Vertical bars represesst of the means within each treatment. Horizontal line indicates the
showed that soap-and-water washing of the 7y content of nontreated control leaves that had a mean Zn contenig@f3znd aseof 1.3. There

tissue resulted in the removal of >95% of were no statistically significant effects of the surfactants, except for the treatment with Sun-It [ when
foliar-applied Zn butleftresidual Znthatcould  used with ZnOR < 0.05 by Tukey’s honestly significant difference).

be removed by a subsequent acid-wash of the

leaves (Fig. 3). This aspect was particularlf}'able 5. Translocation and quantities of Zn (in nanograms) retained by avocado leaves treated with
evident for leaves treated with ZnO, which radiolabeled ZnSPor Zn metalosate after application to the adaxial or abaxial leaf surfaces of

contained Zn at 145g-g*after soap and water greenhouse, container-grown seedlings.
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but only 40pg.g* after a subsequent acidRemoval ZnSQ Zn metalosate

wash. No further decreases in Zn content 0ethod Adaxial Abaxial Adaxial Abaxial
curred with subsequent washing steps or aft&fem apex 50 a (20) 18a (5) 11a (4) 37 a (26)
removal of the cuticle by treatment with hex4 eaf, adaxial 47 a (23) 37a(8) 19 a (4) 22 a(5)
ane. Results were similar with respect to ledfeaf, abaxial 30a(9) 26 a (7) 24 a (5) 38 a(6)
washing in the experiment witfznSQ, and  Adjacent tissue 223 a (55) 95 a (54) 16 b (5) 394 a (118)
8Zn metalosate (Table 4). The small amountpplication spot 276 a (51) 1,700 b (306) 586 a (105) 13,995 c (3057)

of foliar Zn that remained on the leaf repre=values in parentheses ams of the means. Mean separation within rows by Student-Newman—Keuls all
sented from 10 to 8Qug-g?, of which an pairwise multiple comparison procedure$at0.05.
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of the applied Zn was retained by the leafleficiency in the treated foliage, and theiEmbleton, T.W., E.F. Wallihan, and G.E. Goodall.
surface after the treated spots were washedeéfficacy cannot be evaluated by monitoring 1965. Effectiveness of soil vs. foliar applied Zn
soap and water followed by an acid waskhanges in adjacent nontreated leaves or by andfoliarapplied manganese on Californialem-
(Table 4). One exception was with Znincreases in fruityield. Under field conditions,  ©ns: Proc. Amer. Soc. Hort. Sci. 86:253-259.
metalosate, in which 3.8% of the total materiahe amount of iiquid spray applied to theEnvironmental Protection Agency. 1994. A plain
. - - . . R . English guide to the EPA Part 503 biosolids rule.
applied was retained when the fertilizer Wagayes dur!ng foliar appllcatlong, and the time EPA/832/R-93/003. U.S. Environmental Pro-
applied to the bottom side of the leaf. Afteiit will remain soluble before drying onthe leaf  iociion Agency, Office of Wastewater Manage-
determining leaf weight of the treated spotssurface, willdepend onthe applicationmethod  nent, washington D.C.
the amounts retained by the leaf tissue weend a variety of factors, such as location withifrerrandon, M. and A. Chamel. 1989. Foliar uptake
equivalentto increases in Zn content of 35 arithe canopy, wind drift, air temperature, and and translocation of iron, zinc, and manganese.
72 pg.g* for ZnSQ and Zn metalosate, re- humidity. As shown in our research, there also Influence of chelating agents. Plant Physiol.
spectively, when the fertilizers were appliednay be differential absorption of the materials ~ Biochem. 27:713-722.
to the upper leaf surface. These values ahg the upper and lower leaf surfaces, whickpoodall, G.E., T.W. Embleton, and R.G. Platt. 1979.
within the same range observed for foliahave different cuticle thickness and stomatal Avocado fertilization. Univ. of California Coop.
fertilizer-treated trees in the field experimentsdensities. Ext. Bul. 2024.

There was no statistically significant differ- Hsu, H.H. 1986. The absorption and distribution of
Yy Sig metalosates from foliar fertilization, p. 236—

ence between Zn§@nd Zn metalosate when Conclusion 254. In: H. DeWayne Ashmead (ed.). Foliar
applied to the upper leaf surface. However, . feeding of plants with amino acid chelates. Noyes
retention of ZnSQand Zn metalosate was  This research revealed that there are criti- pupl., Park Ridge, N.J.
significantly increased (6- and 24-fold, re-cal problems in evaluating the efficacy ofkadman, A. and E. Lahav. 1978. Experiments with
spectively) when applied to the abaxial leafoliar sprays due to potential artifacts associ- zinc supply to avocado trees, p. 225-230. In:
surface compared to the amounts retained whated with the retention of extracellular Zn  Proc. of the 8th Intl. Collog. Plant Analysis and
applied to the adaxial surface (Table 5).  precipitates on avocado leaves. Results of Fertilizer Problems. Auckland, New Zealand,
Of the small amounts of radiolabel re-experiments with radioisotope-labeled fertil- 28 Aug.—6 Sept. 1978.

tained by the leaves treated WiEInSQ, on  izers suggested that, in some cases, foli Pba”a“Skas'.?'K"TﬁW' Embieton, and W.W. Jones.
the adaxial leaf surfaces, about half was trangertilization may supply small amounts of Zn. t1.959.' Fertilizer effects on micronutrient nutri-

) . . - S . ion in avocado. Calif. Avocado Soc. Yrbk.
located into the adjacent leaf parenchyma tisrhe efficacy of the Zn application will depend  45.96_gg.
sue, and 5% to 8% was translocated into then the percentage of the tree leaf area thgtpanauskas, C.K., T.W. Embleton, W.W. Jones,
leaf apex and leaves above and below theceives the Zn spray. If all leaves receive Zn  and M.J. Garber. 1961. Seasonal changes in
treated leaf. Although much higher levels opray, then the 5% translocated Zn may be concentrations of zinc, copper, boron, manga-
Zn were associated with the Zn applicatiomdequate to supply new growth and buds with nese, and iron in Fuerte avocado leaves. Proc.
spots on the abaxial sides of the leaves, theZa. Some calculations based on leaf area, total Amer. Soc. Hort. Sci. 77:173-179.
were no differences in the actual quantitieZn applied, total translocatable Zn, and dryLabanauskas, C.K. and R.E. Puffer. 1964. Effect of
translocated to the other leaves or adjacentatter production over 1 year might give some ~ foliar applications of manganese, zinc, and urea
parenchyma tissue. Similar trends were olslues as to potential efficacy. However, given " Valsnc'a orange %’_'ifzagd foliage compo-
served with Zn metalosate, but much smallethe uncertainty as to whether foliar-applied thees'go\;'\) 1gr7t§C|Tehnecgfﬁcéc ~153. -

. I - . , B.W. . y of aerial applications
percentages of the total Zn retained by thertilizers can satisfy the Zn requirementofthe ™ ¢ 7inc to avocado trees. Calif. Avocado Soc.
plant tissue were translocated out of the applentire tree and the expense of helicopter appli- vyrpk. 56:121-123.
cation spots. With Zn metalosate, only 2% teations of Zn fertilizers, soil application of Zn Norvell, W.A. and W.L. Lindsay. 1969. Reactions
4% of the total Zn retained was located in theppears to be a more reliable and simpler of EDTA complexes of Fe, Zn, Mn, and Cu in
apex tissue or leaves above and below tHertilization method. Zinc fertilization may be  soils. Soil Sci. Soc. Amer. J. 33:86-91.
treated leaves. These data confirm that thereagscomplished by using Zng@ a band ap- Piccone, M.F. and A.W. Whiley. 1985. Recognize
relatively little translocation of Zn from leavesplied under the irrigated sprinkler zone of the boron and zinc deficiency in avocado.
treated with a foliar spray and suggests overanopies of Zn-deficient trees or by addin% Queensland Fruit and Veg. News 55:19-20.
the short term that there is no significant difsolubilized ZnSQto the irrigation water. ah, R-N.and R.0. Miller. 1992. Spontaneous reac-

. . tion for acid dissolution of biological tissues in
ference in the efficacy of Zn metalosate vs. closed vessels. Anal. Chem. 64:230-233,

ZnSQ, for treatment of Zn deficiency in avo- Literature Cited Shazly, S.A. 1986. The effect of amino acid chelated
cado. . . minerals in correcting mineral deficiencies and
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with respect to their cuticle thickness and 73, Publ., Park Ridge, N.J.
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: . California Press, Berkeley, Calif. growth, and leaf mineral composition of orange
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and the type of surfactant (Alva et al., 1992).  nytrition of avocado. Circ. CAS-92/1. Publica-  manganese. J. Plant Nutr. 14:129-142.
Paradoxically, neither avocado (Kadman and tion produced and distributed jointly by the Wallihan, E.F., T.W. Embleton, and W. Printy.
Lahav, 1978) nor citrus (Embleton etal., 1965; cCalifornia Avocado Development Organization ~ 1958. Zinc deficiency in the avocado. Calif.
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LaDuke, 1991) have responded to Zn applica- Calif. Whiley, A.W., K.G. Pegg, J.B. Saranah, and
tions with respect to yield increases. Thi&l-Hamalawi, Z.A., E.C. Pond, and J.A. Menge. P.W. Langdon. 19%_37. Influen_ce of phytoph-
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. . ' . . . byPhytophthora citricol@nPersea americana Agr. 27:173-177.
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