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INTRODUCTION

The essentiality of zine to plants was reported in 1914,
1915, and 1919 and proved conclusively in 1926 and 1928(48).
Since then zinc deficlency has been recogniged in many areas,
chiefly in Australia and in the Unlted States. A map of the
U.S. prepared by Beeson(3) shows extensive zinc deficiency

areas in the Southeastern states, in Texas, Californis,
Washington, as well as in many other states.

Common visual symptoms of zinc deflelency as reviewed by
Thorne{48) and by Seatz and Jurinak(40) are: mottling, "little-
leaf", rosetting, dieback, and the production of abnormal
fruits in fruit trees; chlorosis and stunting in field crops;
and "white top" in corm.

The history of zinc research and recent advances in this
field are reviewed extensively by Thorne(48).

In Hawali Lyman and Dean(30)reported zinc dificiency in
pineapple manifested by blistering and mottling of leaves and
by curvature of the "heart" leaves. This latter symptom, which
has also been reported in Australia(l), 1ls termed "crookneck".
Shoji and Ota(44) reported chlorosis and stunting in coffee in
several areas of Hawall which could be corrected by follar
apvlications of zinc but not by soil applications. At the
present time zinc research in Hawall 1s conducted by the
iniversity of Hawail Agricultural Ixperiment Station, the
Pineappls fResearch Institute, and the lawail Sugar Planters!
Association, Obviously, zinc deficiency is recognized as an

important problem in Hawailan solls.



This study was initiated to determine if, by correlation
of zinc uptake by plants with acld-extractable soll zinc, the
zine avallable to plants can be reasonably estimated, snd by
fixation studies, if some insight could be gained on the
causes of the apparent zinc fixation in Hawailen solls,

The results of this study should determine wheti:er or not
acld-extractable sinc can be used to determine deficlency
levels of zine, and provide more information on the behavior
of zinc in Hawsiian soils. This Information could lead to
further research on zinc avallability to plants and fixation
in soils.

REVIEH 0F LITLRATURE

A, Extractable and dAvallable Zinc.

The use of neutral normal salt solutions for zinec extraction
has been shown to be very unrellable. Jones et al.(23) found
N NiigOCgH, (hereafter NHgzAc) unsatisfactory for their work with
Florida soils. Boawn(4), Brown(8), and Tucker and Kurts(49)
have also found N XHgAc to give unsatisfactory results,

At the present time, the dithilzone-ammoniua acetate extrac-
tion method of Shaw and Dean(4l) apnear to be the nost satis-
factory of avallable metirods. {tood results were obtained in the
correlation of extractable ginc with zinc uptake and in the
determination of a critical of extractable zinec(9, 31, 33, 41,
49, 50). By this method, the critical level of extractable
zinc in solls, which is that level below which ginc deficiency
in plants may be sxpected to occur, has been estimated to be

about 0.5 and 0.55 in many solls(9, 41).




Another apparently sultable extractant is 0.1N HCl(4, 49,
50, 52). Wear and Sommer(58) found 0.1lH HCl extractable zinec
correlates well with the appearence of deficiency symptoms in
corne. Using a 10:1 acid-soil ratio and shaking for one hour,
they found a ecritical level of acld-extractable zinc to be
between 0.90 and 1.20 ppm. Tucker and Kurtz(5€) simllarly rec-
ommended a 10:1 sacid-soil ratic but found a 45-minute shaking
time sufficient. Viets et.al.(50) reported similar total zinec
econtents in a deficient and a non-deficlent soll. lowever,
the latter soll contained more 0.1¥ HCl-extractable zine., The
work of Boawn st al.(7) uphggs the contention that acld-extrac-
table zlne in an estimatlon of the avallable zinc in solls.

By using several ginc eompounds of differing solubilities in
uptake studies with gorghum and bsans, they found that the
availability of zinc to these plants wasa greatest with those
compounds most soluble in 0.1N HCl regardless of thelr
solubility in water.

Both dithizone and 0.1N lCl hawe been ghown to be good
extractants although the latter does sxtract more zinec. The
dithizone method 1is more univeral in that it can be apnlied
to all soils. The HC1l method obviocusly cannot be applied to
caloareous soils(49). Hovever, the dithizone method is tedious
and time consuming while the ascld-extraction method 1s simpler
and more rapid. Since nmost Hawailan solls are acid and a
rapid method 1s always desirable, 0.1H HCl was selected as the

extractant in this study.
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Be. Zinc Fixation by Clay iiinerals.
As mentioned earlier, the anplication of zinec to the soil
was not successful in sglleviating zinc @eficlency symptoms in
coffee in Hawall(44). Similarly, Buller and Bray(1l0) found
that Zn-EDTA applications to a 8ilty loam produced no increase
in zinc uptake in piants althousgh the samec treatment on u
sandy 801l did result in an increase in zine uptake. They felt
that the oclays of the sllty loam gtripned the zine from the
chelated complex and roendered 1t unavailable to the vlants.,
Lingle and Holmburgz(28) and Boawn(7) found zine from Zn-FDT4
and from 4n0 applications to be taken un readily but found that
zine from Zn304 applications to be relatively unavailable to
plants.
Water soluble and exchangeable zinc occurs in the goil in
very small amounta. [ibbard(l7) and Bocawn{4) revort that,
after the addition of small amounts of zlnc to so0ils, practi-
cally none was water soluble. Jones &

acid
water goluble zine in sandy soclls are readily leached and this

ot

21.(23) has found that

1s substantiated by Barrows et al.(2)

The fallure of N NHgAe solution as an extractan® as previous-
1y mentioned indicates that only small amounts of zinc exist
as exchangeable lons in the soll(4, 4%). Several workers have
found that zinc aprarantly occupy "fixetion" sites rather
than exchangeable altes on clay minerals. Welson and ielated
(35) found that the cation exchance capaclty of solls and
clays with fixed zine was not different from that of the

original untreated soils and clava. This indicates sdsorption
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or fixatlon of zlnc on positions other than exchangeable., The
work of Deifumbrum and Jackson(l2) on zinc adsorption by soil
golloids support this concept. Flgabaly(l4), after working
with several layered silicate clays, concludes that zinc can
enter the crystal lattice of clays without ilonie subatitution
or enter with substitution of ions of lower valence or enter
with substitution of ions of equal valence. ie has found evi-
dence that zinc can replace magnesium In the crystal lattice
of the clay minerals. This stand is supported by the fact
that zinc and magnesiwm lons are of similar slzes. Further-
more, with infra-red absorption studies, Deiumbrum and Jackson
(13) have shown that zinc reacts with the structural hydroxyl
groups of tha clay minerals and 1s thus Integrated within the
crystal lattice, Further still, Boawn(4) reports the ildenti-
fication by Ross of sauconite which 1s considered to be a
saponite in which zinc has replaced magnesium. Saponite in
turn is a montmorillonite in which magneslum occuples the
octahedral positions.

The type of clay niinerals in the soll is important in the
fixation of zinec. It has been found that elays with high
cation exchange capacities are better fixers than clays whioch
have low catlon exchange capacities and that magnesium clays
and weathered clay minerals are good gzine fixers(2, 14).

From these evidences, it is apparent that the clay minerals
in soila could influence zinc availabillty to some extent,

Clay mineral fixation of zinc was considered 1n this study

because of the high clay content in Hawallen asoils, While many




of the soils in Hawail are classified as silty clay, actually
they are clays that are well aggreguted and so gilve the
appearence of a 8ilty clay{45).

MATERIALS ARD MILTHOLS

A. Soils Used.

1. Akaka silty clay. This soll, a hydrol humle latosol, was
formed on volcanlec ash under an annual rainfall of 256 inches.
The distribution of the rainfall is sush that there is no
pronounced dry season. This soll holds up to three times its
weight in water and when dried, cannot be rewetted to its
original atate(256, 43, 45). Some of the properties of this soil
are: pH, 6.2; cation exchange capaclty, 80-100 m.e. per 100g
soll(oven-dry basis) in its natural state and less than 40
m.e. when dehydrated; base saturation, less than 3% of the
cation exchange capacity(25, 45). The clay fraction, which
makes up practically all of this moil sonsist of: 30% allophane,
25«35% gibbslte, and 10-35% goethite(47). Tue B horizon was
used in this study since there was a thin dehydrated layer on
the sur'ace of this soll. It was collected from a road-cut
near }lillo, Hawaii.

2. ilonuaulu clay loam. This soil, a hunic latosol, was
formed on a thin layer of ash under a rainfall of 65 inches
per year which was not uniformliy distributed{(25,45). The pH of
this goll 1s 5.6, its cation exchange capaclty 1s 64.1, and
its base saturation is 587%(25). The elay fraction of this soil

is as follows: koalin, 15-20/5; gibbsite, 15-20%; hematite, 20-



25%; goethite, 10-205; and montmorillonite, 5-107%(47). This
soll, which is the coffee soil of Kona, Hawaii, is very young
and shallow; usually not more than 24 inches deep(45,;. The
soil for this study was collected froma chcck plot of a zine
experiment field at the Kona station of the University of
Hawali Agzricultural Experiment Stallon and 1s one of the
soils that haa shown zine deficiency.

3. Wahiawa silty clay. This low humic latosol wes formed on
basaltic lavas under an annual rainfall of 40 inches, most of
which falls in the fall and winter months; thus, there is a
proncunced dry season of about six months. Some of the proper-
tlies of this soil are as follows: pH, 5.1; cation exchange
capacity, 17.8 m.e.; and base saturation, 53.4%(25,45). The
composition of the clay fraction of this soll is: kaolln, 45-
55%; hematite, 20-254; allophane, 5-104; and montmorillonite,
5-15%(47). This soll was collected from a macadamia nut
orchard at the University of Hawall Apgricultural Experiment
Statlion farm at Poamoho, Oahu,

4, Lualualei c¢lay., This soil, a dark magnisium clay, 1ia
found in low-lylng areas of poor drainage which recieve bases
from rock weathering in the surrounding uplands, This creates
an alkallne system which results in the formation of montmoril-
lonitic clays(45). The catlon exchange capacity of this soil
is 51.7 m.e., its base saturation is 100%, chiefly calcium
and magnisium(25). The pH of this soll is 7.42. The soil for
this study was collected froma fresiily plowed field in

Lual ualel Valley, Oahu, where the annual ralnfall is 20



inches(25).
e Analytical HMethods and Procedures.

At the present time, there are several satisfactory methods
for the analysls of miero-amounts of zlne vhieh include bio-
assay, spsctrograghle, polarographie, and colorimetric tech-
niques(48). The most popular method appears to be the dithiszone
colorimetrlic method as modified by Cowling and Miller(ll),
Holmes(18), Wear and Sommer(52), and Shaw and Dean(4l).

In 1954 Rush and Yoe(39) introduced a colorimetric method
that utilizes zincon( 2-carvoxy=-2'-hydroxye5'-sulfoformylben=
zone) as a reagent for determining zine alfter interferring
ions have been removed by the anion exchange resin method
proposed by Kraus and ioore{26). This zincon-resin method was
later applied to analysis of zinc in plants(2l) and in soils
(19,38).

Jackaon and Brown(gl) point out several advantages of the
Rush and Yoe method over the older dithizone method. Firast of
all, the zincon method is more simple and rapid, This saves
time and leszens the chance for contamination or loss of zine
to cceur during analysis. Secondly, the use of (Clg, a toxlec
compound the effect of which ls cumulatlve, 1s nct necessary
in this new method as 1t 1a in the dithlzone method; thus, a
real hazard is avolded by the amnalyst dolng hundreds of deter-
minations.

A further advantage 1s that the maximum allowable concentra-
tion of zinc in the final solution( the solution to be ana-

lyzed on the colorimeter) is grater for the Rush and Yoe




nethod, Z2.4ppm(39), than for the dithizone method, 1.4 ppm(1ll),

Although the zincon method of zinec analysis is not as
sensitive as the dithigone method, it 1s still very satia-
factory considering the varlability of soil and plant samples.
If a more acecurate method of zinc analyails 1s rsquired, the
separation of zine {rom 1hterfarring lona can s3till be dons by
the anlon exhange resin metihiod whic'. has been found to be vary
efficient(21).

Beoanse of the rapidity, convevience, accuracy, and safty
of the Hush and Yoe method of zinc snalyvsis, it was adopted for
this study with modifications from the procedures of Jackson
and Brown(2l), Pratt and Bradford({38), and the Department of
Plant Physlology of the University of Hawail(53).

1. Separation of ginc from interferring lons.

s Reagents:
Dowex I anion exchange resin, l-x8 linkage, analytical
grade, 50«100 mesh,
HCl solutions: 2N, K, 0,008NM,
HC1l molutiona for purifvying resin: 12N, OH.
h. Apparatus:
Pyrex glaas colunma, In this study, funnels were used
az colums., The demensions were: overall lensth,
253 cm3 inalde diameter at top, 1Ocnm; stem length,
15 em; inaide diameter of stem, S,
e, Preparation of the resin columns.
A wad of pyrex glass wool is placed into the bottom

of the stem of the funnel. ¥#Water ls added into the
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funnel and, before all the water has passed through,
enough resin suspended 1n water is slurried into the
furnel to f£ill the stem. ‘n this way the resin settles
into the sten of the funnel without any alr bubbles
forming. Should any air bubbles form, no soiution or
water wlll pass tirough the colwm. ¥When this happens,
water is added into the column and a stirring rod of
small diameter is used to stir up the resin and thus
release the alr bubbles.

By tightening the wad of glass wool in the stem the
stem, the rate of flow through the column can be ad-
justed to flow at & rate of 15 ml per hour. Too rapld
passage may result in incomplete separation of ions.

To purify the colum, 10 ml of 12N, 6N, and 2K HCl
and 50 ml of zinc-free water are passed through suc-
cessfully in that order.

A short length of zinc-free plastic tubing is
attached to the bottom end of the column so that:it can
be closed off with a pinchcock when not in use. The
resin is kept wet at all times to prevent the formation
of air bubbles in the column.

d. Separation procedure.

To separate zinc from the interferring ions, the
unkonenn solution is':iESABK with HC1l and passed through
the column which has been pre-treated with 50 ml of
distilled water and with 10 =l of 2N HCl.

After the unknown solution, about 60-100ml, has passed
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througi, 50 ml N HC1l is passed through to wash out what
interferring ions that remain in the column. Then 10 ml
of N KC1 is used to wash out the excess acid. All washe
ings are discarded, Then a 100 ml volumetric flask is
placed under the column and 50 ml of 0.005N iCl is
passed through to extract the zline. This eluate is then
analyzed by the zincon method.

Although this separation procedure 1s slow, the man-
hours needed is small. By setting up as many ecolumns as
deglired, many determinations can be run at the same time
and while the various solutions are passing through the
columns, the analyst is free to do other chores.

The zincon method of zine analysis.
a. Reagents:

Zinecon

Boriec acid

Ammonium hydroxide, concentrated

Sodium hydroxide
b. Preparation of the bulfer solution,

Twenty grams of borie acid and 50 ml of concentrated
armonium hydroxlde are mixed with enough water to make
a liter of solution., The solution is then adjusted to
& pH of 8.5,
¢c. Preparation of the zincon solution.

Dissolve 0.30 g zincon in 2 ml 2N RaOd. Dilute to
250 ml with water. This solution is good for about four

days.



d, Procedure for zinc analysis.

Alfter the zine hag bezen separated from the inter-
ferring ions, extracted frus the resin column, and col-
lected In a 100 ml volumetrlce i{lask, 10 ml of buffer
and 10 1 of the zincon solution are added, and the
wiole mede to veluae. After stunding for 25 minutes, the
11kt transmission of the solution is read on a colori-
meter at (20 m-miocrons wavelength. This is then compared
to a standard curve dade with zinc solutions c¢f 0, 0.8,
0.4, 1.0, 1,5, and 2.0 ppm concentrations,

A Beckgman idodel DV colorimeter was used in this
study.

3. Tagt of the Rush and Yoe Hethod of Zinc Analysis.

There was some concern as to whether or not water
distilled only once was suitable for ginc analysis.
tenerally, de-ioniged distilled water, re-distilled water,
or even triple~distilled water 1ls recommended for minor
element analysis. ilowever, becauses of tihe very low mineral
content of tiie water available in the iHonolulu areca, it
was felt that dlstilled water might be satisfactory. Once-
distilled water has been usoc satisfactorily at the
Departnents of Plant *hysiology and of sAgronomy and Soll
Sclence &t tize University of liawalli.,

To test the Dush and Yoe metliod using once-distilled

water, several standard samples oi 20, 50, 100, 150, and 200

ug of zinc were run tirough the analytical procedure,.

Except at the 20 ug level, which is at the 0.02 ppm level
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on the atandard curve, all results were satisfactory with
not more thaen 4% error. Furthermore, two 100ug samples

were dellberately contaminated with arbitrary amounts of
CaC03z, HgClg, BaClp, FeS04, and Cull4, and the zinc recovery
of these were satisfactory. Therefore, thlia method was deenm-
ed satisfactory for this work provided the 0.2 ppm part

of the standard curve is avolded,

4. Preparation of plant material for zinc analysis.

A one or two gram sample of dried, ground(20 mesh) plant
material is weighed into a 30 ml porcelain erucible and
then ashed in a muffle furnace overnight at 400-450 degress
C. After the ashed sample haes cooled, 1t 13 treated with an
excess of N IR0z, evaporated to dryness, and then re-ashed
at the same temperature for 10 minutes or more. The ash
1s then ocooled and taken up with 2N HCl,

The solution is heated and then filtered through an 3 and
S #5809 white rebbon filter paper using 2N HCl to wash the
residue, The filtrate is then analyzed for zinc by the
Rush and Yoe method.

6. Preparation of the soll extracts for analysis.

The soil sample, usually 20 g(oven-dry basis), 1s placed
in a 500ml Erlenmeyer flask and 10 ml of O.1lN HCl is added
for each g of soll. The flask is stoppered and shaken for
an hour on a mechanlical shaker. The supernatent liquid is

poured
then into a 250 ml centrifuge tube and is centrifuged at
1500 rpm for as long a8 1s necessary to setXle the soll

particles. An aliquot of the clear extract is taken,
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filtered to remove floating organic matter, evaporated to
dryness on a hot plate, dlgested with 10 ml of N i{NOg, and
re-evaporated to dryness. The residue ias taken up with 2K
HCl and the solution is filtered through an S and S #589
white ribbon filter paper to remove inscluble substances,
The filtrate 1s then ready to be analyzed.

Lxperimental Procedure.

1. Experiment I: Pot Study.

‘Pen pound samples(field~weight) of each soill except the
Akaka silty clay were placed in plastic pots. Decause of
the low bulk density of the Akaka soll, only 8 1b was
necessary to fill each pot.

Each pot was fertillzed according to the recommendations
of Jacob and von Uexkull(22) and limed to a pH between 5.5
and 7.0 as suggested by Foster and iatsusaka(ld). The ferti-
lizer and liming rates for these solls were: 147 1lb KglPO4
and 100 1b NH@804 per acre to all solls; 10 tons lime as
CaCOz per acre to the Akaka silty clay, 4.0 tons per acre
to the Honmaulu e¢lay loam, and 1.8 tons per acre to the
Wahiawa silty clay; 3 1lb MgSO4 per acre to the Akaka,
Honuaulu, and Wahlawa solls,., Ho lime nor any Hz304 was
applied to the Luslualei clay since this is an alkaline
s0il with high contents of calclum and magnésium,

Zinc sulfate was applled on each 80ll in four revlicates
at rates of 0, 25, 50, 100, and 200 1b per scre based on
one acre being equel to 2.5 mllllon pounds of soil.

Because a great amount of relatively ginc-free water
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would be necessary to water these pots, this experiment
was conducted out of doors to take advantage of the raln-
fall. The rainfall in February and March on the Univeralty
of Hawaii Honolulu campus is about five inches per nonth(é6).
By conducting this test out of doors the use of distllled
water 1s avoided and wmme of tap water, which contains 0.09
ppm zinc, was kept to a minimum,

The fertilization and liming were done as surface appli-
cations in anticlpation of the high rainfall which was
expected to leach much of the materials through the pot.

Soybeans(Glyecine soja) was selected as the test plants

since 1t was said to be sensitive to zinc deficlency(50).

The variety Bonsel was suppiled by Dr. D.C. MHeGuire of the
Department of Hortlioulture and was recommended becsuse of

the non-gensitivity of this varlety to photoperiodism.

Flve seeds were planted to each pot. After the plants
were established, the pots were thinned to two planta per
pot except for the pots containing the Lualualei c¢clay. Only
cne plant was mllowed for these pots because of the expected
vigor of the plants growing on this soll. After the plants
flowered, they were harvested, rénsed first with tap water
then with distilled water. The plants were then dried
overnight in a draft oven at 70 degrees C. The plants were
then welghed, and then ground up with & Wiley mill fitted
with a 20 mesh selve. Before weighing for analysis, each
sample of plant materlal waa re-dried.

After harvest, the so0ll in each pot was thoroughly mixed
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and, except for the Akaka and Lualualei solls, passed
through an 18 mesh stainlesa steel screen, Because of the
stickiness of the Akaka and Lualualei soils, sieving of
these soils was impossible except when these solls are dried,
iiowever, it was felt that drying would affect the extract-
able zinc contents so therefore no selving was done. Fur-
thermore, most of the material in these soils was of the
13 mesh size or smaller. Care was taken to remove rocks
and other large materilals.

The pH of the solls in each pot was determined with a
Declman Model G pH meter on a 1l:1 soil-water paste.

The plant samples were analyzed by the stated procedure.
2. bExperiment II: Fixation study.

An amount of ZnS04+!o0 equivalent to 100 1lb per acre
was added to 20 g of soil(oven~-dry basis) that had been
passed through an 18 mesh selive and put into a 500 ml
Erlenmeyer flask. In this case, the Lualualel clay was dry
enough to pass through the seive so only the Akaka silty
clay was unseived. One hundred 1lb of ZHSO4+¢Hp0 per acre 1is
equivalent to 230 ug zinc per 20 g soil or 11.5 ppm zine,

The zinc treated solls were allowed to stand for periods
of 1, 7, 14, and 28 days. During this time the soils were
kept molst with distilled water. After the standing time
the zinc was extracted with O,lN liCl and the amount of zine

fixed was calculated. This experiment was replicated twice.

RESULTS AND DISCUSSION

The results of this study are tabled in the appendix.
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Statistical tests were not applied to the data obtained in
these experiments since, upon inspection, the variability of
the results in most cases indicate that such tests were not
warrented,

A. Txperiment I: Pot 3tudy.

Tne solls used In these studles all apparently supplied
enough zlnc to the soybean plants growing in them to main-
tain healthy growth. The plants showed no zinc deficlency
symptoms nor any response to zinc applications. Horeover,
their zinc content was high when compared to the 30 ppm: encouné-
sepdd in healthy soybeans by Nelson(36). Correlation between
zine uptake and acid-extractable soil zinc was absent.

The 28.3 ppm initial acid extractable zinc content found
for the Akaka silty clay(table 5a) is surprisingly high
considering the extremely low bass saturation of that soil.
tiighly vase depleted, this asoll would presumably also be
depleted in most of the minor elements. Unless the land from
which this soil was taken was fertilized or contaminated in
some other way with zinc, the presence of this high zinc
content was unexplalnable.

Liming the Akake silty clay greatly reduced the extractable
zinc content(table 1). This 1s in accordance with the general-
1y well established fact that an increase 1n soll pi results
in a decrease in extractable and available zinc(27,31,37,42,
51). Jurinak and Thorne(24) have shown calcium zincates to be
very insoluble. 3everal workers have reported the insolubility

of zinc plhosphates in neuteal and alkaline systems(l). Hence,
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pH mizht account for the reduced sumounts of extractable zine
upen lining.

It should be pointed out however, that O.1lN lCl is not
recommsnded for calcareous soll and that the limed Akaka soil
may have mcted as a calcareous soll in neutralizling the
extractant., Thls also could account for the lower extractable
zine found in the limed aoll.

The Honuaulu clay loam also dlsplayed a high lnitial
extractable zinec content{table 5a). As mentioned before, this
801l has developed g£ine defleciency in coffee. Ho deficlency
symptoms appeared on any of the plants grown on this soil in
this experiment. Apparently the section of the fleld from
which this s0il was collected was well suppllied with zinec.

Liming this soll did result 1ln lower amounts of extractable
zinc(table 2). iowever, tlhere was no increase in pH. Apparent-
1y the lime applied was not sufficient to overcome the buf-
fering capacity of this soil. Again, the reduction in extrac-
table zinc due to liminz may be the result of neutrallization
of the extracting acid.

The plants growing in the Akaka silty elay were all chlo-
rotiec. However, this could not be attributed to zinc defi-
ciency since the chlorosis was universal for all the plants
growing on this 801l regardless of zinc treatment. The defi-
clency 1n this soil is probakly that of one or more of the
ma jor elements. D.L. King(personnal comaunication) in working
with thils soil has reported chlorotic Sudan grass despite

repeated applications of major and minor elements. lehydration
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of this soil, which results in an irreversable change in its
minerolofy, resulted 1n healthy plant growth. Obviously, the
clay minerals play an important part in the avallabllity of at
leaast some of the plant nutrients.

The plants grown on the Wahiawa silty clay all displayaed
tiny rust-colored spots on the leaves, This symptoms wes pecu-
liar to the plants growing in thils soll and appeared on all
the plants growing in this soll. Therefore, the plants were
bellieved to bse influenced by some edaphle factor. Since thLe
plants were otherwise normal and since the symptoms were
noticed near maturity 6f the plants, no effort was malle to
determine the cause of the observed aymptoms nor to correct it.

The plants on the Lualualel clay and the Honuaulu clay
loam showed no visible symptoms of abnormal growth. ilowever,
there was an apparent negative correlation between zinc uptake
and dry weight yieid in trhe Lualualel clay, but the validity
of this 1s questionable since theoretically this s0il would
be the least likely of those studlied to display zinc toxicity.
Being an alkaline soll of 2:1 clay content, zinc would be least
available in it than in any of the other soils. Lott(29) has
ahown that severity of zine toxiecity is reduced with increases
in pH until a pi of 5,7 1s achieved beyond which no toxicity
could be induced even with the avnplication of 4000 ppm zinc.
Gall and Barnette(16) have bhown liming to increase the level
of zinc concentration in solls at which toxicity to corn and
cowpeas occur, Despite high applications of zline, Speer et al.

(46) found no toxiclty on a iiouston vlack clay, a soil
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8lmilar to the Lualualel elay. Y. Kanehiro of the Department
of Agrononmy and S5oil Science at the ‘nlversity of liawall
(personnal communication), working with the Lualualei clay,
hes shown no ginc toxleclity with the application of 100 1b
Zn504°H20 per acre. Purthermore, in thls study, the plants in
all the check pots and in three replicates of the 25 1b Zn304
per ascre treatment, among othera(table 4), were grown later in
drier weather. Thls was nexessitated by heavy rains at the
initisl planting which left the Lualualel clay water-logged
and even with standing water, lany of the soyhean zegeds wers
rotted in this excessive moisture. Those that were not were
allowed to grow. The others were replanted as soon as the solls
were dry enough. Thus, the weather 1s belleved responsible

for the apparent negative correlation between zinec uptake and
plant yleld.

The applieatlon of Zn3S04 to the solls resulted in no

apvarent significant inerease in zinc untake by soybean plants
although there apparently was Increases in acld-extractable
zine., The lack of lncrease in zine uptake might have been the
result of zinc fixation by the soil or because of the lnabili-
ty of plants to absorb the avallable zing.

Fixation of zinc by clay minerals as reviswed earlier has
been substantlated by much evidence., Pixation obvlioudly occur
in Hawailian solls as is evlidenced by the fallure of soil
applications of zinc to correct deficiency symptoms(44). How-
ever, 1f fixation 18 responsible for the noan-incrcase in zinc

uptake with treatment, then the acld-extractable zinc which
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does increase, must contalin gine that is unavailable to plants.
If this is true, then the acld-extractable zlnc im not an
assessment of the available zinc in Hawallan solls. These
findings coincide with that of Leyden and Toth(27) who reported
that yleld &nd zinc uptake was not alfected by Zni0y applica-
tion and nor did yleld and upitake corpelate with aclid-sitrac-
table zine. They also found that zine fixation againsgt 0.1N
HCl 1s apparently assoclated with the nature of tle clay
minerals In the goll anu with the cation exchange capacity of
the soll., They conocluded that 0.1¥ Cl-extructuble zinc was

an indlcation of the avallable zince In ine soll, ledson
and others(34) alsc reports unsatisfactory results wlth LC
extraction. They proposed a meti:od in which the soll is
tltrated to a speclfied pli and then extracted for zinc with
0.1 HCl. In this way, they found satisfactory results on both
acid and alkallne soilsa,

Another fuctor to consider in the non-correlation of acid-
aextractable zine and zinc uptzke is tie excessive uoisturs
experlenced during the growing period whichh may have influ-
enced the uptake of zinc by the plants. 4 lack of aeration,
which results ina repression of water and elewental absorgtion
by plant roots(5), could concievably account for the lack of
increase in ginc uptake with lncresses in application. if this
hins occured in this exverimeont, then zine in avalliable foras
in the scil, which may ve asid- extractable, was not taken up
because ol tie lack of aeration rather than the luck of avall-

able zinc in the soll. It is not known hiow slgnificant was the
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role of aeration in this experiment.

Also to be considered 1n the non-correlation of zinc uptake
and extractable zinc is the fact that all the solls supplied
enough zinc to the plants. lence, to determine whether or not
zinc is available, it must be assumed that soybeans will
absorb luxury amounts of avallable zinc. If the plants cannct,
then the lack of increaae 1in uptake with treatment would bve
accounted for. tHowsver, since some of the plants in the
Lualualel scil(table4) had zinc contents of over 70 vnpnm, the
assumption that soybean plants wilil absorb luxury amounts of
zine if it is avallable 1s belleved valid.

3. bBxperiment II: Fixation Study.

The results of the fixation study may Iindicate that the soils
fix zinc according to the properties of their clay minerals,

The Akaka sllty clay, with practically no layered alumino-
silicate clays, apparently fixes very little zinc if any
dospite its very high cation exchange capacity(table 5b).

This indicates that what zinc is adsorbed can readily be
extracted with O.1N iiCl.

The .lonuaulu clay loam and the ‘iahlawa silty clay fixed
zinc immedliately with no further lncrease with standing time
although the latter fixes very little zinc in one day. This
1s probably because of the low catlion exchange capaclty of
that soll and the resultant lack of contact between the zinc
and the exchange sites of the clay particles.,

The Lualualel clay appeared to fix zinc in Inereasing

amounts with increasing standing tims. This might be attributed
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to the greater specific area of the montmorillonitic clays of
this so0il. With the increaa ny standing time, presumably zinc
ions could work its way into exchange sites between the
expanded layers. liowever, whether or not ginec is mobile enouzh
in this alkaline soil is subject to question since, as polnted
out before, zine is not soluble in alkaline soils and would

be expected to preciplitate out of solution.

The amount of zine ixed may be a reflsction of the caleliunm
saturation of the soil. Nelson and ielsted(35) have found zine
to become fixed in a caleium satursted clay but not in a hydro-
gen~lon saturated one. The calcium saturation of the soils
studied are: Lualualel clay, 75.97; Honuaulu clay loam, 36.3:}
“ahiawa silty clay, 31l.24; and ikaka silty clay, l.2.(25).
When thils 1s compared to the fixation results in table 5b,
an apparent nezative corrslation appears between tiis amount
of zine fixed and the calcium saturation of the soil.

Two things of note resulted from the flixation tests which
may deserve further study. "lrat, there was an indication that
the Buffering capaclity of tlie solls may determine to some ex-
tent the feansibility of using {iCl for zinc extraction. Table
58 shows that the precislon or reproduceability obtained was
best in the ‘iahliawa 3llty clay which has a low buffering
capacity, intermediate in the Lualuslel and Lonuaulu soils
whilch have Iintermediate buffering cepaclties, and poor in the
Akuka silty clay which has a high buffering canacity(32). It
mizht be noted that where 0,1 HCl hias been sucessfully

enployed as an extractin~. ageni.4,42,50, 52), sa . solls
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were used since deficiency occur principally on tnese soils.
The buffering capacity of these soils must obviously be low.

Secondly, the apparent lack of fixation in the Akaka sllty
clay indicates that the amorphous material which make up most
of tnls s011(45) does not fix zinec. The other soils, all of
which fix some xinc, have appreciable contents of layered
alumino-silicate clays. That these clays fix zino is in
accordance with the findings of other workers as mentioned
previoudly.

The evidence is far from conclusive and more study is
required to formulate definite concepts.

SUMMARY AND CONCLUSIONS

This study was conducted to determine if 0.1lN HCl-extracta-
ble zinc can be used to assess the available zinc status and
to zain more Information on zine fixation in Hawailan solls.

4 pot study was set up using four lawaiian soils: the
Akeka silty clay, the lonuaulu c¢lay loam, the Wahlawa silty
clay, and the lualualel clay. After fertilizatlon and liming,
Zn504 at rates of 0, 25, 50, 100, and 200 1b per acre was
applied to eacli soil in four replicates. Soybeans were planted
to these pots and after harvesting, the dry weight yield was
recorded. The so0ils were then analyzed for acldeextractable
zinc, and the nlant tops for zinc.

The results showed no increase !n zinc uptake with appli-
cations of Z2nS504. Hence, there was no correlation between acid-
extractable zinc and zinc uptake,

Using the same four soils as in the preceding experiment,
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a fixation study was conducted by applying ZnS0,-Hg0 to 20 g
soll sarples(oven~dry basls) at a rate of 100 1lb per acre.
The zinc waa then extracted with O.1H HClL, analyzed, and the
anount fixed caloulated.

Ixcept for the Akaka silty clay, each of the scils used in
this study fixed zinc against 0.1V 0l extraction. This indi-
cates that the amorplious constltuents of the Akaka scll 1is
incapable of [ixing zinc and supports the contention that
zinc is fixed by crystalline alumino-gllicates eclays. owever
this also could mean that Zn is not fixed in a hydrogen satura-
ted soll.

Also resulting from this experiment was an indication that
acld-extractable zinc is influenced by the buffering capaclty
of the soil since the preclsion was hest in the scll with the
lowest buffering capacity, intermediate;?he soils with inter-
medlate buffering capacities, and poorest in the soil with the
hlghest buffering capacity.

It 1s concluded from this study that 0.1N HCl, which has
been used sucessfully in measuring available zinc in sandy
soils, 18 not satisfactory for Hawaiian solls which are mostly
clay. However, this eoncluslon is valid only if the high
rainfall experlenced during this atudy and the adequate
initlal amounts of zinc in the soil did not restriect uptake

by the plants used in this investigation,



http:bu!'feri.ng

APPENDIX

26



=7

Table 1: (Experiment I) Effect of 2nSO, on Soybean Yield and
Zinc Content, and on the 0.lN HCl-Extractable Soil
Zine When Applled to the Akaka silty eclay.

ZnS04/here  Repli- pH of Lry- Zn ln  Extractable
ib cate 301l at  Vielght Plant 4n in the
Harvest Yield Tops Soll
B ppm pPpm
0 1l 7.0 3467 28 1.65
2 7.1 2.11 29 3.94
3 7.5 3.28 24 5,53
4 7.0 3.43 22 S5.57
ave SedS 26 3.87
25 1 7.1 3.47 46 8.52
2 7.1 2.76 43 8.88
3 7ed 2.71 46 11.27
4 7e3 S3.48 42 10.07
AV J3.10 46 9,18
50 1 7.1 3.45 46 20.85
2 7.0 5.82 22 4.25
3 7.0 2.78 53 18.10
4 7o 3.11 32 5.64
avg 3.29 58 12.21
100 1 7.0 2.61 24 5.80
2 7.3 Se74 41 4,60
3 7.2 1.91 47 7.76
4 7.1 2.48 42 4.27
200 1 71 Se27 22 5.51
2 7.0 2.856 32 J.58
3 7.0 2.95 28 4.30
4 T.2 3.20 30 7.44

avg 3,06 28 5,16
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Table 2: (Experiment I) Effect of Zn304 on Soybean Yield and
Zinc Content, and on the 0.1N HCl-Extractable Soil
Zinc When Applied to the Honuaulu clay loam.

ZnS04/Acre  Repli- pH of Dry- Zn In  Extractable

it cate 801l at Welght Plant Zn in the
Harvest Yield Tops Soil
£ ppm ppa
0 1 5.5 4,22 40 8,13
2 5.4 2.48 46 5.69
3 5.4 359 36 5.17
4 5.4 3.17 50 5.78
avg 3.36 43 6,19
25 1l S Pe) 3.72 46 7.16
2 5.5 3.26 43 6.93
3 5.4 2.94 46 8,51
4 5.4 B5.72 42 7.27
’RvE 3.4l 44 7 « 46
50 1 .8 3.03 49 8.97
2 5,3 3.53 40 8.58
3 5.2 4.48 39 13.66
4 5.3 2,92 42 13.58
BV S.49 42 11,20
100 1l 5.3 355 48 9.90
2 5.2 3.87 38 8.50
3 5.3 3.35 47 9.45
4 5.4 4.89 41 13.94
R’V S.91 44 10,45
200 1l 5.8 3.45 43 14.56
2 5.4 3.05 51 17.02
3 5.5 S.54 46 13.76
4 5.5 4.29 42 14.19
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Table 3: (Experiment I) Effect of ZnSO4 on Soybean Yield and
Z2inc Content, and on the 0.1lX HCl-lxtractable Soil
Zinc When Applied to the Viahlawa silty olay.

Zn504/Aore  Repli~ pH of Dry- Zn in  Lxtractable
ib cate 3011 Welght  Plant Zn in
Harvest Yield Tops Soil

B ppm ppm

0 1l 6.1 1.80 34 3.54

21 5.9 4.5 36 2.94

3 6.2 5.31 36 3.35

4 6.2 2.57 42 2.78

avs 3.55 37 3,15

25 1 6.2 2.62 47 4.89

2 6.1 3.03 35 3.68

LY 6.0 4,38 40 3.35

4 6.0 2.49 46 3.09

aveg Sel2 42 3475

50 1l 6.0 2.57 36 3.70

2 6.1 2.65 46 .44

3 6.1 2.19 35 .79

4 6.1 333 29 3.61

avg .68 37 S+.64

100 1 6.1 2.26 35 6.68

2 6.0 1.73 41 3.75

3 6.0 2.63 33 4.81

4 6.1 4.45 34 5,58

ave 2.76 36 5,20

200 1 6.0 2.13 40 4,60

2 6.2 2.22 41 3.86

3 6.8 4.01 36 5.47

4 6.2 3.98 46 4,92

avg 3.08 41 4,71

! Planted later than the other pots because the first
planting failed.
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Table 4: (Experiment I) Effect of ZnS504 on Soybean Yield and
Zine Content, and on the 0,1N HCl-Extractable Soll
Zinc When Appllied to the Lualualeil clay.

ZnS04/Acre  Repli- pH of  Dry- Zn in  Extractable

cate Soll at Veight Plant Zn in the
flarvest Yield Tops Soil
B ppm Ppm
) 1t 7.5 10.923 42 387
24 73 B8.44 43 3.03
K} 7.6 7 .00 47 3.86
4! 7.5 10,18 37 3.68
ave D14 42 366
25 p 7.6 4.356 70 5,73
21 7.6 8,02 28 Sell
3 7.5 7 .45 44 3.98
4" 7.7 5.27 56 4.99
avg 6.28 48 4.40
50 1 7.4 Sedd 69 4,92
21 7.8 .92 74 4.73
3 7ed 3.79 32 4.78
4 7.4 4,76 23 3.90
avyg J.88 48 4,58
100 1! 76 352 76 6.04
21 7.7 Sel¥ 71 5.84
3 7.8 l.62 42 4.00
41 7.4 7.00 46 4.86
avy 3B 59 5.18
200 1 7ok 2,91 43 8,50
21 7ol S.82 75 8,97
k) 7.5 3.1% 35 4.89
41 7.6 7 .65 46 5.86
avi 4,50 50 7 .06

! Planted later than the other pots because the first
planting failed.
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Table 5a:; Initial 0.1¥ HCl-Extractable Zinc in the Solls

Studied Expressed in ppm.

51

Replicate Akaka Honuaulu Lualualei Wahlawa
1 27.9 3.5 1.t
2 28,7 3.5 1.4
avg 28.3 Seb 1.6

Table S5b: Zinc Fixed on Standing

PPt

with 100 1b ZnS04«Hz0/Acre
(11.5 ppm Zinc) by the Soils 3tudlied KExpreaased in

Time Repli-

Days cate Akaka  Honuaulu  Lualualel  ¥Wahlawa
1 1 0.2 4.0 Se6 0.4
2 -3 ed 4.0 4.6 O.0
B.Vg -1.6 4.0 4.1 006
'l’ l 3.4 5.8 3.6 3.2
e 2.8 4.6 5.4 3.4
avg 3.1 4.2 4.5 Sed
14 l 2.2 5.1 -1 2.8
2 "2.0 4.1 4.6 2.6
avga Q.1 346 4.5 2.7
28 l "700 5.8 5.5 5.4
2 "2.0 3.4 5.5 3.2
avg -4.5 4.6 5.4 3.3

' 0.8 was obtained and rejected because of its apparent

erraticness.
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