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INTRODUCTION 

The easentialit7 ot zinc to plants was :reported in 1914, 

1915, and 1919 and proved conclusively in 1926 and 1928(48). 

Since then zinc deficiency has been recognized in .many areas, 

oh1e.fly in Australia and in the United States. A map or the 

u.s. prepared by Beeson(3) ahows extensive zinc deticiency 

areas in the Southeastern states, in Texas, California, 

Washington, aa well as 1n many other states. 

Common visual symptoms of zinc deficiency as reviewed by 

Thorne(48) and by Seatz. and Jurinak(40) are: mottling, "l1ttle­

lear", rosetting, diebaok, and the production or abnormal 

fruits in fruit treea; chloroais and stwiting in ~ield crops; 

and ttwhite top" in corn. 

The history ot zinc research and recent advances in this 

field are reviewed extensively by Thorne(48). 

In Hawa11 Lyman and Dean(30)reported zinc d11'iciency in 

pineapple man11'ested by blistering and mottling or leaves and 

by curvature of the "heart" leaves. Thia latter symptom., which 

has alao been reported in Auatralia(l)• is termed "crookneck". 

Shoji and Ota(44) reported ohlorosis and stunting in co£fee in 

several areas of Hawaii which could be corrected by foliar 

applications of zinc but not by soil applications. At the 

present time zinc research in Hawaii is conducted by the 

University of Hawaii Agricultural Experiment Station, the 

Pineapple Hesea.roh Institute, and the Hawaii Sugar Planters' 

Association. Obviously, zinc deficiency is recognized as an 

important problem in liawailan soils. 
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This study was initiated to determine if, by correlation 

of zinc uptake by plants with acid-extractable soil zinc, the 

zinc available to plants can be reasonably estimated, and by 

rixation studies, if some insight could be gained on the 

causes of the apparent zinc fixation in Hawaiian soils. 

The results of this study should determine whether or not 

acid-extractable zinc can be used to determine deficiency 

levels of zinc, and provide more information on the behavior 

of zinc in Hawaiian soils. This information could lead to 

.further research on zinc availability to plants and fixation 

in soils. 

REVIEW OF' LITI:;1LL\.1llJRE 

A. Extractable and Available Zinc. 

'.1'he use of neutral normal salt solutions for zinc extraction 

has been shown to be very unreliable. Jones et al.(23) fotmd 

N Nli40C2H4 (hereafter NH4Ac) unsatisfactory for their work with 

Florida soils. Boawn(4), Brown(8), anu Tucker and Kurtz(49) 

have also f'mmd N N1i.4Ac to give unsatisfactory results. 

At the p:resent time, the dithizone-amaonium acetate extrac­

tion method of' Shaw and Dean(41) apryear to be the most satis­

factory of available .rnetl1oda. Good results were obtained in the 

correlation of extractable zinc with zinc uptake and in the 

determination of a critical of' extractable z1nc(9, 31, 33, 41, 

49, 50). By this method, the critical level of extractable 

zinc in soils, which is that level below which zinc deficiency 

in plants may be expected to occur, has been estimated to be 

about 0.5 and 0.55 in many solls(9, 41). 
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.l\noth&r apparently suitable extraetant is O.lN HG1(4, 49, 

50, 52) • Wear and S0r11u1er ( 58) f ou."1d O. lr? HCl extrnc table zinc 

correlates well with the appe2.rence or de.ficieney symptor.is in 

corn. Using a 10:l acid-soil ratio and shaking tor one bour, 

they .found a critical level or acid-extractable zinc to be 

between 0.90 and 1.20 ppm. Tucker and Kurtz(56} similarly rec­

ommended a 10:l aa1d-so11 ratio but found a 45-minute shaking 

time sufficient. Viets .!!•!.!•(50) reported ai.m.ilar total zinc 

contents in a deficient and a non-deficient soil. Eowever, 

the latter soil contained more O.lN :{Cl-extractable zinc. Tho 

worlt of' Boe.,m et al. (7) uph!da the contention that acid-extrac-- ---- ~ " 
table zinc in an estimation of the available zinc in soila. 

By using aeveral zino compounds or dirferlng solubilities 1n 

uptake studies with so~ghu.~ and beans, they found that the 

availability of zinc to these pla."'lts wus greatest with those 

com.pounds most soluble in O.lN HCl regardles.-:s oi' their 

solubility in water. 

Both di thizone and O. lN HGl have been sl1own to be good 

extractants althoug...h the latter does extra~t ~ore zinc. The 

dithizone method is 1!lore '.miveral in th.at :tt can be ap-:9lied 

to all soils. T'he HCl method obviously cannot bs a7plied to 

calcareous soils(49). However. the dit.hizone method ia tedious 

and time consuming while the acid-extraction method 1s simpler 

and more rapid. Since most Hawaiian soils are acid and a 

rapid method is always desirable, O.lH HCl was selected as the 

extractant in this study. 

http:symptor.is
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B. Zinc Fixation by Clay Minerals. 

As mentioned earlier, the application of zinc to the soil 

was not auooesstnl. 1n alleviating zinc detieiency symptoma in 

coffee 1n Hawa.11(44). Similarly, Butler and Bray(lO) found 

that Zn-EDTA applications to a silty loam produced no increase 

in zinc uptake in plants although the same treatment on a 

sandy ao11 did result in an increase in zinc uptake. 'J':hey fol t 

that the clays of the silty loa:.,n strip;rnd the zinc from the 

chelated complex and rendered it unavailable to the plants. 

Lingle and Holmbtll'g(28) and Boa.wn('7) round zinc from Zn-F'D'l'A 

and :from. ZnO applications to be taken un readily but found that 

zinc from ZnS04 applicattons to be relatively unavailable to 

plants. 

Water soluble and excha.'1.~eable zinc occurs in the soil in 

very small amounts. Hibbard(l7) and :3oawn(4} reJ)ort that, 

arter the addition of am.all a~ou.nts of zinc to soils, practi­

cally none was water soluble. ,Jones !.! &• (23) has .found that 
acid 

water soluble ainc in sandy soils a~e readily leached m1c. this 

is substantiated by Barrows.!! !!_.(2) 

The failure of' N NH4Ac solution as an ex.traotan~.., as previous­

ly mentioned indicates that only small a~ounts of zinc exist 

as exchangeable ions in the soil (4, 4S)). Several workers have 

f'otmd that zinc anparently occupy "fixation" si tea rather 

than exchangeable sites on clay mine.r-als. Nelson and Melsted 

(35) round that the cation exchaJ1r:e capacity of soils a.rid 

clays with !'1.xed zinc was not dit'fer-ent .f~o~ that of the 

original Wltreated soils and clays. This tndicates adsorvtlon 
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or tixatlon of zinc on positions other than exc.bangeable. The 

work ot DeMumbrum and Jackson(l2) on zinc adsorption by soil 

aolloids support this concept. F.lgabaly(l4), after working 

with several layered silicate clays, concludes that zinc can 

enter the crystal lattice ot clays without ionic substitution 

or enter with substitution of ions ot lower valence or enter 

with substitution o:t ions of equal valence. Heh.as f'ound evi­

dence that sine can replace magnesium in the crystal lattice 

of the clay :minerals. '.rhis stand is supported by the .fact 

that sine and magnesi~~ ions are of similar sizes. Further­

more, with intra-red absorption studies, DeMumbrum and Jackson 

(13) have shown that zinc reacts with the structural hydroxyl 

groups of the clay minerals and is thus integrated within the 

crystal lattice. Furtl1er still, Boawn.(4) reports the 1dent1-

f'ication by Ross of sauconite which 1s considered to be a 

aaponite in which zinc has replaced magnesium. 8aponite in 

turn is a mont.."?l.Orilloni te in which magnesium occupies the 

octahedral positions. 

The type of clay minerals in the soil is important in the 

fixation of zinc. It has been found that clays with high 

cation exchange capacities are bettor .fixers than clays which 

have low cation exchange capacities and that magnesium clays 

and weathered clay minerals are good zinc fixers(2, 14). 

From these evidences, 1 t is apparent that th.e clay .minerals 

in soils could influence zinc availability to some extent. 

Olay mineral r1xation of zinc was considered in this study 

because of the high clay content in Hawaiian soils. While many 
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0£ the soils in Hawaii are classified as silty clay, actually 

they are clays that are well aggregated and so give the 

appearence of a ailty clay(45). 

MATERIALS AND METHODS 

A. Soils Uaed. 

l. Akaka silty clay. This soil, a hyd.rol humio latosol, waa 

formed on volcanic ash under an annual rain!'all of 256 inches. 

The distribution of the ra1n1'all is suoh that there is no 

pronounced dry season. This soil holds up to three times its 

weight in water and when dried, cannot be rewetted to 1ts 

original atate(25, 43, 45). Some of the properties o.f this soil 

are: pH, 5.2; cation exchange capacity, 80-100 m.e. per 100g 

soil(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 soil aonaist of: 30~ allophane, 

25-35;' gibbaite, and l0-35;; goethite(47}. The B horizon was 

used in this study since there waa a thin dehydrated layer on 

the stU'ace of this soil. It was collected ~ron a road-out 

near Hilo, Hawaii. 

2. Honuaulu clay loam. This soil, a hU,·:dc latosol, was 

formed on a thin layer of a.ah under a ra1n!'all of 65 inches 

per year which was not uniformly d1stributed(25,45). The pli ot 

this soil is 5.6, its cation exchange capacity is 64.l, and 

its base saturation is 58;;(25). The clay fraction of this soil 

is as follows: koalin, l5-20ii; gibbai te, 15-205'; hemat1 te, 20-
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25~,J goethite, 10-20%; and montmorillonlte, 5-10%(47). This 

soil, which is the coffee soil of Kona, Hawaii, is very young 

and shallow; usually not more than 24 inches deep(45). '?he 

soil tor this study was collected froma cheek plot of a zinc 

experiment field at the Kona station ot the University of 

Hawaii Agricultural Experiment Station and is one of the 

soils that has shown zinc deficiency. 

3. Wahiawa silty clay. Ti:ds low hurtle latosol was formed on 

basaltio lavas Wlder an annual raini'all of 40 inches, most o.f 

which i'alls in the tall and winter months; thus, there is a 

pronounced dry season o:f about six months. Some of the proper­

ties of this soil a·(•e as follows: pH, 5.1; cation exchange 

capacity, 17.8 m.e.; and base saturation, 53.4%(25,45). The 

co~osltion or the clay rraction or this soil is: kaolin, 45-

55%; hematite, 20-25/~; allophane, 5-10;:; and montmorillonite, 

5-15%(47). This soil was collected from a macadamia nut 

orchard at the University of Rawa11 Agricultural Experiment 

Station farm at Poamoho, Oahu. 

4. Lualuale1 cl.ay. This soil, a dark magnisium clay., ia 

found in low-lying areas of poor drainage which recieve bases 

i'rom rock weathering in the surrounding uplands. Thia creates 

an alkaline system. which resu1ts in the formation or montmoril­

lonitic clays(45). The cation exchange capacity of this soil 

ia 51.7 m.e., its base saturation is 100%, chiefly calcium 

and magniaium( 25). The pH of this soil is 7 .42. 'l':he soil tor 

this study was collected froma !"rashly plowed :field in 

Lual. ualei Valley, Oahu, where the annual. ralni'all is 20 
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inchea(25). 

n. Analytical Methods and Prooedurea. 

At tl1e present time, there are several satisfactory methods 

:for the analysis o:r .micro-amounts ot zinc \rhich include bio­

assay, speotrograghie, polaztograph1c, and colorimetric tech­

niquss(48). The 111.ost popular method appears to be the dithiaone 

colorimetric method as m.odi!'1od by Cowllng and t!iller(ll), 

Uolm.es(l8), 'Ilea!' and S01l'J'ler(62), and Shaw and Dean(4l). 

In 1954 Rush and Yoe(39) introduced a colorimetric method 

that utilizes zinoon{ 2-carboxy-2 1 -hydroxy-5'-sul.t'o.formylben­

zene) as a reagent .for determining sine after interferring 

ions have been re:rnovod by the anion exchange resin method 

pl'oposed by Kraus and Moore{26). fi'his zincon-resin method waa 

late~ applied to analysis of zino in plants(2l) and in soils 

(19,38). 

Jackson and Brown(2l) point out several advantages of the 

Rush and Yoe method over the older dithizone method. First of 

all, the z1noon n1ethod is more simple and rapid. 'Phis saves 

time and lessens the chance for contamination or loss o.t' zinc 

to occur during analysis. Secondly, the use o.f CCl4, a toxic 

compound the e.ffect of which is cumulative., is not necessary 

in tlds new method as l t is in the di thizone method; thus, a 

real hazard is avoided by the analyst doing hundreds of deter­

minations. 

A 1 ..urther advantage is that the maximum allowable concentra­

tion 0£ z1no in the £inal solution( the solution to be ana­

lyzed on the colorimeter) is grater for the Rush and Yoe 
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method, 2.4ppm.(39), than for the d!thizone method, l.4 ppm(ll). 

Although the zinoon method of zinc analysis ia not as 

sensitive as the dithizone method, it is still very satis­

factory considering the variability of soil and plant samples. 

If a more accurate method of z1.nc analysis is required, the 

separation of zino from interferring ions can still be d:ine by 

the anion exha.nge resin :meth.od wr.J.c1 , has beon .found to be V·Jry 

eff1cient(2l). 

Because of the rapidity, oonvevienee, accuracy, and safty 

of the Rush and Yoe method or zlnc analysis, it •as adopted ror 

this study with modifications .fro:?! the procndures of' Jackson 

and Brown(21),, Pratt and Bradford(38), and the Dopa.rt.11ent of 

Plant Physiology of the Un1vera1ty of liawai1(53). 

l. Separation of sine .from interfer.ring ions • 

.a. Reagents: 

Dowex I anion excha.'l'lge resin, 1-xB llnku;:,e, analytical 

grade, 50-100 mesh. 

HCl solutions: 2N, N, 0.0mm. 

HOl aolutlons for puri.fyim~ res in: 12N • GN. 

b. Apparatus: 

Pyrex glass columns. In this study, funnels were used 

a~ columns. The der11ensions were: overall lensth, 

23 cm; inside diameter at top, 10cm; stem length, 

15 cm; inside diameter of stem, 5mm. 

c. Preparation of the resin colu.'lll1s. 

A wad o.f pyrex glass wool is placed into the bottom 

of tr"le s te:m of the funnel. Hater is added into the 
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fur.nel and, be.fore all the water has passed through, 

enough resin suspended in water is slurried into the 

funnel to fill the stem. In this way t..~e resin settles 

into the stom of the t'unnel without any air bubbles 

.forming. Should any air buobles f'orm, no solution or 

water will pass th.rough the colmrin. When this happens, 

water is added into the coltL,m and a stirring rod of 

small diwneter is used to stir up the resin and thus 

release the air bubbles. 

By tightening the wad or glass wool in the stem the 

a tem, the ra.te of' £low throug..11 the column oan be ad­

justed to .flow at a rate of 15 ml per hour. Too rapid 

passage may result in incomplete separation of ions. 

To purify the column, 10 ml of 1211, 6N, and 2N B'.Cl 

and 50 ml of zinc-tree water a:i:-e passed th.rough auc­

cesat'ully 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 
-;··; i} ,/'I'-' 

unlannm. solution 1s ·111!ite 2li with liCl and passed through 

the column which has been pre-treated with 50 ml of 

distilled water and with 10 ml or 2N HCl. 

After the unknown solution, about 60-lOOml, has passed 
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th.roag::1, 50 ml N HCl is passed through to wash out what 

interferrlng ions that remain in the column. Then 10 ml 

or N KCl is used to wash out the excess acid. All wash­

ings are discarded. T'nen a 100 ml volumetric flask 1s 

placed under the column and 50 ml of 0.005N HCl is 

passed through to extract the zinc. This eluate is then 

analyzed by the zincon method. 

Although this separation procedure is slow, the man­

hours needed is small. By setting up as many columns as 

desired, 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. 

2. The zincon method or zinc analysis. 

a. Reagents: 

Zincon 

Boric acid 

Ammonium. hydroxide, concentrated 

Sodium hydroxide 

b. Prepal"ation of the buffer solution. 

Twenty grams of boric acid and 50 ml ot concentrated 

ammonium hydroxide are mixed with enough water to make 

a liter of sol:it1on. The solution is then adjusted to 

a pH or 9.5. 

c. Preparation of the zincon aolution. 

Dissolve 0.30 g z1ncon in 2 ml 2N NaOH. Dilute to 

250 ml with water. This solation is good for about four 

days. 
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d. Procedure for zinc a.nalJsis. 

After the z:nc has been separated from. the inter­

ferring lone, extracted fr'.; a the resin column, and col­

lticted in a 100 cl volumetric flask, 10 ml of' buffer 

and 10 :;tl. of tL.e zincon solution are added, and the 

wl ,ole i.narie to vol·ume. Ai'te1, a ti:l.lltiing t.·or 25 nlinutes, the 

ligl..t transmission 01~ the solution is react on a colori­

rn.eter at G20 m.-microna wavelength. This is then compared 

to a standard curve Jiade with zinc solutions cf o, 0.2, 

0.4, l.O, 1.5, a.,d 2.0 ppm oonoentratlvns. 

A .Beck•man Itlo<iel DU colorimeter was used in this 

study. 

3. Test oi" the Rush and Yoe Nlethod of Zinc Analysis. 

'!'here was so.:ne concern as to whether or not water 

distilled only once was suitable for zinc analysis. 

G-enerally, de-ionized distilled water, re-distilled water, 

or even triple-dis tilled water is recora.'llended for minor 

element analysis. However, because of tl,e very low r.uneral 

content of the water available :l.n the HonolulL1 aroa., it 

was .felt that aistilled water mie..ht be satisfactory. Jnce­

distillecl water has been usod sat!.s.factorily a.t the 

Departnents of Plant Physiology and of Agronomy and Soil 

Science at the University of Hawati. 

To test the Hush and Yoe method using once-distilled 

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

u.g or zinc were ru.n through the analytical proced:ire. 

Except at the 20 ug level, which is at the 0.02 npm level 
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on the standard ourve, all results were satisfactory with 

not more th.an 4~ error. Furthermore, two lOOug samples 

were deliberately contalninated with arbitrary a.mounts or 

Ca003, MgCl2, BaCl2, FeS04, and CuS04, and the zinc recovery 

of these were satisfactory. Therefore, this method was deem­

ed satisfactory for this work provided the 0.2 ppm part 

of the standard curve is avoided. 

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 porcela:tn crucible and 

then ashed in a muffle furnace overnight at 400-450 des"!'eea 

c. Atter the ashed sample has cooled, it is treated with an 

exceas of N IiN03, evaporated to dryness, and then re-ashed 

at the same temperature for 10 minutes or more. The ash 

1s then cooled and taken up with 2N HCl. 

The solution is heated and then filtered through an 3 and 

S #589 white rebbon filter paper using 2H HCl to wash the 

residue. 'l'he filtrate is then analyzed for zino by the 

Rush and Yoe method. 

5. Preparation or the soil extracts for analysis. 

The soil sample, usually 20 g(oven-dry baa1a). is placed 

in a 500ml Erlenmeyer flask and 10 ml of O.lN HCl is added 

for each g of soil. The flask is stoppered and shaken for 

an hour on a mechanical shaker. The aupernatent liquid is 
po'Ul"ed 

then into a 250 ml centrifuge tube and is oentrit'uged at 

1500 rpm for as long as is necessary to se~~le the soil 

particles. An aliquot of the clear extract 1s taken, 



:t'"1ltered to remove floating organic matter, evaporated to 

dryness on a hot plate, digested with 10 ml of N HN03, and 

re-evaporated to dr:rness. 'lhe residue is taken up with 2N 

HOl and tho solution is filtered through an Sand S #589 

white ribbon :tilter paper to remove insoluble substances. 

The filtrate is then ready to be analyzed. 

c. Experimental Procedure. 

l. r:Jtperi.ment I: ?ot Study. 

Ten pound aamples{:tield-weight) or each soil except the 

Akaka silty clay were placed in plastic pots. Decause of 

the low bulk density 01' the Akaka soil, only 8 lb was 

necessary to fill each pot. 

Each pot was fertilized 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 .i4atausaka(l5). The :t'"erti­

lizer and liming rates for these soils were: 147 lb K2llP04 

and 100 lb NlijS04 per acre to all soils; 10 tons lime as 

CaC03 per acre to the Akaka silty clay, 4.0 tons per acre 

to the Honaaulu clay loam, and l.B tons per acre to the 

Wahiawa silty clay; 3 lb HgS04 per acre to the Akaka, 

Honuaulu, and Wahiawa soils. Ho lime nor any HgS04 was 

applied to the Lualuale1 clay since this is an alkaline 

soil with high contents of calcium and magn6sium. 

Zinc sulfate was applied on each soil in four replicates 

at rates of O, 25, 50, 100, and 200 lb per acre based on 

one acre being equal to 2.5 million pounds of soil. 

Because a great a.;~ount of relatively zinc-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 rain­

fall. The rainfall in February and March on t11e University 

of Hawaii Honolulu campus is about five inches per month(6}. 

lly conducting this test out of doors trL6 use of distilled 

water is avoided and••• of tap water, which contains 0.09 

ppm zino, was kept to a minimum. 

The fertil1zatlon and liming were done as surface appli­

cations in anticipation of the high rainfall which was 

expected to leach much or the materials through the pot. 

Soybeans(Glyoine soja) was selected as the test plants 

since it was said to be sensitive to zinc detic1ency{50). 

The variety Bonsei was supplied by Dr. D.c. !ficGuire of the 

Department or Horticul.ture and was reco:nmended because or 
the non-sensitivity or this variety to photoperiodiam. 

P1ve seeds were planted to each pot. After the plants 

were established, the pots were thinned to two plants per 

pot except for the pots containing the Lualualei clay. Only 

one plant was allowed for these pots because of the expected 

vigor or the plants growing on this soil. Arter the plants 

flowered, they were harvested, rinsed .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 weighed, and then ground up with a Wiley :mill fitted 

with a 20 mesh seive. Before weighing for analysis, each 

sample of plant material was re-dried. 

After :harvest, the soil in ea.ch pot was thoroughly miaed 
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and, except for the Akaka and Lualu.alei soils, passed 

through an 18 mesh stainless steel screen. Because of the 

stickiness o:f the Akaka and Lualualei soils, sieving of 

these soils was 1.mpoaaible except when these soils are dried. 

However, it was :felt that drying would affect the extract­

able zinc contents so there£ore no se1ving was done. Pur­

thermore, most of the material in these soils was of the 

18 mesh size or smaller. Care was taken to remove rocks 

and other large materials. 

The pH of the soils in e~oh pot was determined with a 

Deckman Model G pH meter on a l:l soil-water paste. 

Tho plant samples were analyzed by the stated procedure. 

2. Experiment II: Fixation study. 

An amount of ZnS04•H20 equivalent to 100 lb per acre 

was added to 80 g of soil(oven-dry basis) that had been 

passed through an 18 mesh aeive and put into a 500 ml 

Erlenmeyer flask. In this case, the Lualuale1 clay was dry 

enough to pass through the aeive so only the Akaka silty 

clay was W1seived. One hundred lb of ZtiS04•H20 per acre is 

equivalent to 230 ug zinc per 20 g soil or 11.5 ppm zinc. 

The sine treated soils were allowed to stand for periods 

or l, 7, 14, and 28 days. During this time the soils were 

kept moist with distilled water. After the standing tim.e 

the zinc was extracted with O.lN llCl and the amount of zino 

fixed was calculated. Tllia 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 ca.sea tndiaate that such tests were not 

warrented. 

A. Experiment I: :>ot Study. 

Ti1e soils used in these studies all apparently supplied 

enough zinc to tho soybean plants growing in them to main­

tain healthy growth. The plants show&d no zinc deficiency 

symptoms nor any response to zinc applications. iJoreover, 

their zinc content was high when compared to the 30 pp:u encoWl/6• 

•eedd in healthy soybeans by Nelaon(36). Correlation between 

zinc 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 base saturation of that soil. 

Highly base depleted, this soil 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 ot" tbis high zinc 

content was unexplainable. 

Liming the Akaka silty clay greatly reduced the extractable 

zinc content( table l). Th.is is in accordance with the general­

ly ,..,.ell es tabliahed fact t.i."'1.a t an increase in soil pH reaul ta 

in a decrease in extractable and available zine(27,3l,37,42, 

51). Jurinak and Thor.ne(24) have shown calcium zincates to be 

very insoluble. SevePal workers have reported the insolubility 

of zinc phosphates in neutaal and alkaline eystems(l). Hence. 
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pH might account for the reduced a.:mounts of extractable zinc 

upon liming. 

It should be pointed out however, t:hat O.lN HCl is not 

recommended for calcareous soil and that the limed Akaka soil 

may have acted as a calcareous soil in neutralizing the 

extraotant. This also could account tor the lower extractable 

zinc found in the limed soil. 

The Honuaulu clay loam also displayed a high initial 

extractable zinc content(table Sa.). As mentioned before, this 

soil has developed zinc defloiency in coffee. No deficiency 

symptoms appea"red on any of the plants grown on this soil in 

this experiment. Apparently the section of the .field .fttom 

which this soil was collected was well supplied with zinc. 

Liming this soil did result in lower amounts of extractable 

zinc(table 2). However, there was no increase in pH. Apparent­

ly the lime applied was not sufficient to overcome the buf­

fering capacity of this soil. Again, the reduction in extrac­

table zinc due to liming may be the ttesult of neutralization 

of the extracting acid. 

'rhe plants growing in the Akaka silty clay were all chlo­

rotic. However, this could not be attributed to zinc defi­

cioncy since the chlorosis was universal. .for all the plants 

growing on this soil regardless of zinc treatment. The defi­

ciency in this soil 1s probally that of one or more of the 

major elements. D.L. King(personnal communication} in working 

with this soil has reported chlorot1c Sudan grass despite 

repeated applications of major and minor elements. Dehydration 
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of this soil, which results in an irreversable change in its 

minerolo&Y, resulted in healthy plant growth. Obvio~aly, the 

clay minerals play an important part in the availability of at 

least some of the plant nutrients. 

The plants grown on the Wahiawa silty clay all displayed 

tiny rust-colored spots on t.he leaves. This symptoms w~a pecu­

liar to the plants growing in this soil and appeared on all 

the plants growing in this soil. Therero:re, the plants were 

believed to be influenced by some edaphic .factor. Since tL.e 

plants were otherwise normal and since the symptoms were 

noticed near maturity o.f the plants, no effort was malle to 

determine the cause of the observed sy~ptom.s nor to correct it. 

The plants on the Lualualei clay and the Honuaulu clay 

loam showed no visible symptoms of abnormal growth. However, 

there was an apparent negative correlation between zlnc uptake 

and dry weight yield in the Lualuale1 clay, b~t the validity 

of this is questionable since theoretically this soil would 

be the least likely of those studied to display zinc toxicity. 

Being an alkaline soil of 2:1 clay content, zinc would be least 

available in it than in any of the other soils. Lott(29) has 

shown tliat severity of zinc toxioi ty is reduced with increases 

in pH until a pH o:f 5.7 is achieved beyond which no toxicity 

could be induced even with the auplication of 4000 ppm zinc. 

Gall and Barnette{l6) have shown liming to increase the level 

or zinc concentration in soils at which toxicity to corn and 

oowpeaa occur. Despite high applications of zinc, Speer,!!~. 

(46) found no toxicity on a. ,iouston black clay, a soil 
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similur to the Lualuale1 clay. ~. Kanetdro of the Depf4J.'9tment 

of Agronmny and Soil Science at the University of Hawaii 

(porsonnal coran1unioation), working wl th the Lualua.lei clay, 

has shown no zi.nc toxicity with the application of' 100 lb 

ZnS04•U20 per acre. Furthermore, in this study, the plants in 

all the cheok pots and in three replicates of the 25 lb ZnS04 

per acre treatment, a.i~ong others(table 4), were grown later in 

drier weather. This was nexessitated by heavy rains o.t the 

ini t1al planting which laft the Lualualel clay water-logged. 

and even with standing water. Many of the soyhea!l seeds were 

rotted in this excessive moisture. ~!:hose that wez-e not were 

allowed to gr•ow. The others were replanted as soon as the soil.a 

were dey enoup-)l. Thus, the weather is believed responsible 

for the apparent negative correlation between zinc uptake and 

plant yield. 

The application of ZnS04 to the soils resulted in no 

aptla1•ent aienif1cant increase in zlnc U?ta.ke by soybean plan.ta 

although there apparently was increases ln acid-extractable 

zinc. The lack of' increase in zinc uptake might have been the 

result of zinc fixation by the soil or because of' the inabili­

ty of plants to absorb the available zinc. 

Pixa.tion of zinc by clay t1inerals as r-eviewed earlier has 

been substantiated by much evidence. Fixation obv1o~sly occur 

in Hawaiian soils as is evidenced b~t the failure of soil 

applications or zinc to correct deficiency symptoi:.:i...:;(44). How­

ever, 1:f' .fixation is responsible f:or the non-incroaso in zinc 

uptake with treatment, then the acid-extractable zinc which 
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does incroase, must contain zinc that is unavailable to plants. 

If t11is is true, then the acid.-ext:i."'t..ctuble zinc ia not an 

assessment of tl~e available zinc in Hawaiian soils. These 

findincs coincide with that of Leyden and Toth(27) who reported 

th.at yleld and z.'i.nc uptr.~ke was not affected by Zn:.w4 a;.,plica­

tion a.:nd nor dici yield ancl uptake coroela te w!. th ..lCid-e;;ctrao­

table zinc. riihey also fo1md that z.tnc fixation against O.lN 

HCl is apparently aasociatad wl th tho natu.r•e o.f tL.e clay 

miner-ala ln the soll a.nu. wl th the cation exchange capacity or 
the soil. 7hey concluded th&.t O.l1i ;~cl-extructable zinc was 

and othera(34) also reports unsatisfaotor-y results with L.Cl 

ext1""action. T.he.y proposed a mot:,.od in whlch the soil is 

titrated to a apeolt'!ed pH and tt~o.a ex.trac ted for zl.nc with 

O.lN HG1. In this way, tlmy found satisfactory rusalts on both 

acid and alkaline soils. 

Another fuctor to consider ill the non-correlation of ac1d­

extraotablo zinc and zinc upt~:!{a is the excessivB 1:1oisture 

expe1•1onced dur.:.ng the g:rowln~i period Nhich :;iay have inflil­

encod the uptake of zinc by the plants. 11. lack of B.f.ratlon, 

which results ina repression of..' wator and ele.w.e1.ital absor•ption 

by plant roots ( 5), could concievably acco.mt for tl.1.e lack of 

inct'ease tr:. zinc uptake with increases in appllca Lion. :r this 

has occu.red in tr..ts expel·imont, tb.en zinc in ~vailable fop.us 

in the soil, which 111ay be aeid- e~tract,~ble, was not taken up 

because of tl:e la.ck of aeration ratha:"' th.an the lack of avail­

able zinc ir.. the soil. It ts not known how slgnlfica."'lt was the 

http:dur.:.ng
http:mot:,.od
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role of aeration in this experiment. 

Also to be considered in the non-correlation of zinc uptake 

and extractable zinc is the fact that all the soils supplied 

enough zinc to the plants. hence, to determine whether or not 

zinc is available, it must be assumed that soybeans will 

absorb luxury a.."Jlounts of available zlne. If the plants cannot, 

then the lack o.f increase in uptake with treatment would be 

a.ooounted for. However, since some of the plants in the 

Lu.alualoi soil(table4) had zinc contents o.f ovel'.' 70 ppm, the 

assumption that soybean plants will absorb luxury ar:munts of 

zinc if it ia available is believed valid. 

3. Experiment II: Pixation Study. 

T'ne results of the fixation study may indicate that the soils 

fix zinc accordl.ng to the properties or their clay minerals. 

'l'he Akaka sll ty clay, w1 th practically no layered alumino­

silicate clays, apparently fixes very little zinc if any 

despite its very high cation·exohange capacity(table 5b). 

'l'his indicates that what zinc is adsorbed ca...~ readily be 

extracted with O.lU HGl. 

'lhe .lonuaulu clay loam and the Uahiawa silty clay fixed 

zinc iramediately with no further increase with standing time 

although tho latter fixes veey little zinc in one day. This 

1s probably because of the low cation exchange capacity of 

that soil and the resultant lack of contact between the zinc 

and the exchange sites of the clay particles. 

'.rho Lualuale1 clay appeared to fix zinc in increasing 

amounts with increasing standing time. Th.is might be attributed 

http:accordl.ng
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to the greater specific area of the mon-tmorillonitic clays of 

this soil. Nlth the increas.'..ng standing time, presumably zinc 

ions could work its way into exchange sites between the 

expar1ded layers. However, whether or not zinc is mobile onou;;h 

in this alkaline soil is subject to question since, as pointed 

out before, zinc is not soluble in alkaline soils and would 

be expected to precipitate out of solution. 

The ai'lount of zino fixed rnay be a reflection of the calcium 

saturation of the soil. Melson and Uelsted(35) have found zinc 

to become fixed in a calcium saturated clay but not in a hydro­

gen-ion Haturated one. The calcium saturation of the soils 

studied are: Lualua.le1 clay, 75.9;t; Honuaulu clay loam.. 36.31b; 

Wahiawa silty clay, 31.2/;i and Akaka silty clay, l.2;.,(25). 

~Jhen this ia compared to the i'ixation results in table Sb, 

an apparent nehative correlation appears between the amount 

of z:1.no fixed and the calcium saturation of' the soil. 

Two things of note resulted from the fixation tests which 

may deserve further study. r'irst, there was an indication that 

the lJu!'fering capacity of the soils m.ay determine to some ex­

tent the feasibility of' using HCl far zinc extraction. Table 

5a si1ows that the precision or reproduceabili ty obtained was 

best in the ',Vahiawa silty clay which has a low bu.ffering 

capacity, intermediate in the Lualualei and I:onuau.lu soils 

whlch have lntermediate buf.fering capacities, and poor in the 

Akaka silty clay which has a high. buffering oanacity(32). It 

might be noted that where O.lN HCl has been sucessfally 

employed as an extrac tin·", a3ent; -1, 49, bO, 52) , sa, , soils 

http:I:onuau.lu
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were used since deficiency occur principally on t11ese soils. 

The buf'fering capacity of these soils must obviously be low. 

Secondly, the apparent lack of fixation in the Akaka silty 

clay indicates that the amorphous material which make up most 

of this so11(45) tioes not !'ix zinc. The other soils, all of 

which fix some &inc, have appreciable contents of layered 

alurnino-silicate clays. That these clays fix zinc is in 

accordance with the findings of other workers as mentioned 

previo!1aly. 

The evidence is far from conclusive and more study is 

required to fo~ulate definite concepts. 

SUMMARY AND CONCLUSIONS 

This study was conducted to determine if O.lN HCl-extracta­

ble zinc can be used to assess the available zinc status and 

to gaJ.. n more informatjon on zinc fixation in Hawaiian soils. 

A pot study was set up using .four Hawaiian soils: the 

Akaka. silty clay, the Honuaulu alay loam, the Wal11awa s11 ty 

cla.r, and the lualualel clay. After fert.il1zat1on and liming, 

ZnS04 at rates of O, 25, 50, 100, and 200 lb per acre was 

applied to each soil in fou.r replicates. Soybeans were planted 

to these pots and after harvesting, the dry weight yield was 

recorded. 'ftle soils -were then analyzed for acid-extractable 

zinc, and the nlant tops for zinc. 

The results showed no increase i.n zinc uptake with appli­

cations of ZnS04. 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 f'ixa.tion study was conducted by applying ZnS04 •H20 to 20 g 

soil sar::rples(oven-dry basis) at a rate of 100 lb per acre. 

The zinc was then extracted with O.lM HCl, analyzed, and the 

L~ount fixed calculated. 

1:;xoept for the .Akaka silty clay f each of' tJ1e soils used in 

this study fixed zinc against O.lU HCl extraction. This indi­

cates that the arnorphous constituents of the Akaka. soil is 

incapable of .fixing zinc and supports the contention that 

zinc is .fixed by crys ta.lline al.1.a'lino-silioates clays. However 

this also could mean that Zn is not :f"ixed in a hydrogen satura­

ted soil. 

Also resulting from this experiment was an indication that 

acid-extractable zinc is influenced by the but'fe:ring capacity 

of' the soil since the p1"eeision was best in the soil w1 th the 
in 

lowest bu.f!'e:ring capacity, interm.ediatel\the soils with inter-

mediate bu!'feri.ng capacities, and poorest in the soil with the 

highest bur!'ering capacity. 

It is concluded f'rom this study that O.lN HCl, which has 

been used sucessf'ully in measuring available zinc in sandy 

soils, is not satisfactory .for Hawaiian soils which are mostly 

clay. However, this conclusion is valid only if the high 

raini.'all experienced during this study and the adequate 

initial amounts o.f zinc in the soil did not restrict uptake 

by the plants used 1n this investigation, 

http:bu!'feri.ng
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Table l: (Experiment I) Effect or Znso4 on So~bean Yield and 
Zinc Content, and on the O.lN HCl-E.xtractable Soil 
Zinc When Applied to the Akaka silty clay. 

ZnSO;?°Aore Repl1-
lb cate 

0 l 
2 
3 
4 

avg 

25 l 
2 
3 
4 

avg 

50 l 
2 
3 
4 

avg 

100 l 
2 
3 
4 

avs 

200 l 
2 
3 
4 

avg 

pH of 
Soil at 
Harvest 

7.0 
7.l 
7.5 
7.0 

7.1 
7.1 
7 .3 
7.3 

7.1 
7.0 
7.0 
7.3 

7.0 
7.3 
7.2 
7.l 

7.1 
7.0 
7.0 
7.2 

Bri-
Weigh.t 
Yield 

& 

3.67 
2.11 
3.28 
3.48 

3.13 

3.47 
2.76 
2.71 
3.48 

3.10 

3.45 
3.82 
2.78 
3.11 

3.29 

2.61 
3.74 
l.91 
2.48 

2.68 

3.27
2.as 
2.95 
3.20 

3.06 

Zn in Extractable 
Plant Zn 1n the 
To,es Soil 

122m E.,Em 

29 1.65 
29 3.94 
24 5.53 
22 3.57 

26 3.67 

46 8.52 
48 6.88 
46 ll.27 
42 10.07 

46 9.18 

46 20.85 
22 4.25 
53 18.10 
32 5.64 

38 12.21 

24 6.80 
41 4.60 
47 7.76 
42 4.27 

38 5.51 

22 5.51 
32 3.38 
28 4.30 
30 7.44 

28 5.16 
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Table 2: (Experiment I) Erfeot or ZnS04 on Soybean Yield and 
Zinc Content, and on the O.lM HCl-Extractable Soil 
Zinc When Applied to the Honuaulu clay loam. 

Ziiso4/Acre 
lb 

Repll-
cate 

pfi 'or 
Soil at 
Harveat 

Dri-
Weight 
Yield 

Zn in 
Plant 
To2a 

Extractable 
Zn in the 
Soil 

g ppm ppm 

0 l 5.5 4.22 40 8.13 
2 5.4 2.48 46 5.69 
3 5.4 3.59 36 5.17 
4 5.4 3.17 50 5.78 

avg 3.36 43 6.19 

15 l 5.5 3.72 46 7.15 
2 5.5 3.26 4Z 6.9a 
3 5.4 2.94 46 8.51 
4 5.4 3.72 42 7.2'1 

avg 3.41 44 7.46 

50 l 5.2 3.03 49 8.97 
2 5.3 3.53 40 8.58 
:s 5.2 4.48 39 13.66 
4 5.3 2.92 42 13.58 

avg 3.49 42 11.20 

100 l 5.3 3.55 48 9.90 
2 5.2 3.87 38 a.so 
3 5.3 3.35 47 9.45 
4 S.4 4.89 41 13.94 

avg 3.91 44 10.45 

200 l 5.5 3.45 43 l4.S6 
2 5.4 3.05 51 17.02 
3 5.5 :S.M 46 13.76 
4 5.5 4.29 42 14.19 

ava 3.53 45 14.88 
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Table 3: (Experiment I) Ettect or ZnS04 on Soybean Yield and 
Zinc Content, and on the O.lN HCl-E:xtraotable Soil 
Zinc When Applied to the Wahiawa ailty clay. 

Znsoi7Aore Repli- pH ot Dry- Zii. in Extractable 
cate Soil Weight Plant Zn inlb Harvest Yield 'l'o;ea Soil 

ppm ppm6 

0 1 6.1 l.80 34 3.54 
2' 5.9 4.51 36 2.94 
3 6.2 5.31 36 3.35 
4 6.2 2.57 42 2.78 

avg 3.55 37 3.15 

l 6.2 2.62 47 4.89 
2 6.1 3.03 35 3.68 
31 6.0 4.36 40 3.35 
4 6.0 2.49 46 3.09 

avg 3.12 42 3.75 

50 l 6.0 2.57 36 3.70 
2 6.l 2.65 46 3.44 
~ 6.l 2.19 35 3.79 
4 6.1 3.33 29 3.61 

avg 2.,68 37 3.64 

100 l 6.1 2.26 35 6.68 
2 6.0 l.73 41 3.75 
3 6.0 2.63 33 4.81•.,s4 6.1 34 5.58 

avg 2.76 36 5.20 

200 1 6.0 2.13 40 4.60 
2 6.2 2.22 41 3.86 
3 6.2 4.01 36 5.47 
4 6.2 3.98 46 4.92 

avg 3.08 41 ••71 

' Planted later than the other pots becauae the first 
planting failed. 
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Table 4: (Experiment I) Effect or ZnS04 on Soybean Yield and 
Zinc Content, and on the O.lN HCl-Extraotable Soil 
Zinc When Applied to the Lualualei clay. 

Zn304fAcre Hepli- pH of Dry- Zn in Extractable 
cate Soil at Weight Plant Zn in the 

Harvest Yield ToE• Soil 
E2m ;e;ems 

0 l' 7.5 10.~3 42 3.87 
2' 7.3 8.44 43 3.03 
3' 7.6 7.00 47 3.86 
41 '7.5 10.1a 37 3.88 

avg 9.14 42 3.66 

25 l' 7.8 4.36 70 5.73 
2' 7.6 a.02 28 3.11 
3 7.5 7.45 44 3.98 
4' 7.7 5.27 56 4.99 

avg 6.20 48 4.45 

50 l' 7.4 3.43 69 4.92 
2' 7.8 3.92 74 4.73 
3 7.3 3.7~ 32 4.78 
4 7.4 4.76 23 3.90 

avg 3.9d 48 4.58 

100 l' 7.6 3.52 76 6.04 
2' 7.7 3.l\# 71 5.84 
3 7.8 l.62 42 4.00 
41 7.4 7.00 46 4.86 

av~ 3.8~ 59 5.18 

200 l 7.4 2.91 43 8.50 
2• 7.4 3.52 75 8.97 
3 7.5 3.12 35 4.89 
4' 7.6 7.65 46 5.86 

avg 4.30 60 7.06 

' Planted later than the other pota because the :f'irat 
planting tailed. 
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:.to;a,llts of J:Xperiment II: i<'ixation Study 

Table 5a: Initial O.lN HCl-E..~traetable Zinc in the Soils 
Studied Expressed in ppm. 

Replicate Akaka Honuaulu Lualualei Wahiawa 

l Zl .9 8.7 3.5 1.c 
2 28.7 8.4 3.5 l.4 

avg 28.3 8.6 3.5 1.6 

Table 5b: Zinc Pixed on Standing with 100 lb ZnS04•H20/Acre
(11.5 ppm Zina) by the Soila Studied E.xpreaaed in 
ppm. 

Tim.a Repli-
Akaka lionuaulu Lualuale1 WahiawaDays cate 

l l 0.2 4.0 3.6 0.4 
2 -.3.4 4.0 4.6 O.b 

avg -1.6 4.0 4.l 0.6 

,.
I l 3.4 3.8 3.6 3.2 

2 2.8 4.6 s., 3.4 

avg 3.l 4.2 4.5 3.3 

14 l 2.2 3.l 2.8-·2 -2.0 4.l 4.6 2.6 

avg 0.1 3.6 4.6 2.7 

28 l -7.0 6.8 5.5 3.4 
2 -2.0 3.4 5.3 5.2 

avg -4.5 4.6 5.4 3.3 

'o.a was obtaine..:. and rejected bocause or its apparent
erraticnesa. 
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