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Correlation Between Available Soil Arsenic, Estimated by
Six Methods, and Response of Corn (Zea mays L.)*

E. A. WoorLsoN,? J. H. AxL2Y,* anD P. C. KEARNEY?

ABSTRACT

The results of six methods of estimating available As on 28
different soils from eight ¢tétes in the United States were vor-

_eclated with the wet tigsue weight of 4-week-old corn (Zeg mayi

L.j grown on these soils, Linesr correlation coeficients between
plant weight and the Jog of the soil As concentration were deter«
mined by the following techniques (i) total As; (#) sumamation
of “Easily-Saluble-” Fo-, Al., and Ca-arsenate fracHons; (i)
suramation of “Easily-Soluble-,” Fe-, Al,, and Ca-arsenate frac
tians modified by their incividug! phytotoxicity; (iv) 0.05N
HCl and 0.025N M50, nixed-a¢id-extractable As; (o) 0.5V
NaHCOj-extractable Ag; and (i) selection of the As exmracted
by 0.05N HCI and 0.025N HeS50, or 0.5N NaHCO; methods,
depending on soil pH, The last four techniques were equally
chective in predicting plant response (r = 0.81 to 0.52) to
soil sysenic, The mixed-acid or bicarbonate methods were pre-
ferced because they require less labor.

Additional Key Words for Indexing: soil arsenic, soil test,
As phwrotoxicity,

NSENIC is used as a herbicide, insecticide, soil steciiuat,
silvicide, and desiceant in this country, Arsenic has
also been introduced inte the environment in fertilizers and
flue gases from copper smelting. As a result, As may accu-
mulate in spil in some;tasés (2, 4, 17, 18). When the As level

‘inereases, the changes of a phytotexic response by the de-

sired crop alse increases. Therefore, a method for estimat-
mg the amount of availuble As present in the soil and
correlating this value to plant growth 1§ desirable.

Estimating soil fertility or plant nutrient availability from
the resolts of chemical methods has been extensively used.
The phytotoxicity or gvailability of As may alsc be deter-
mined by such a soil rest.

Available As in soils bas been determined with varying
degrees of success, Albert and Arndt (1) reported that
soluble As, when messured by a colloidion bag dialysis,
was a more reliable indax of phytotaxicity than totsl As.
Yandecaveye et al. (18) found no correlation betwesn
phytotoxicity and the solubility of soil As in distilled
water, 0,JN HN,Ac, 0.1¥ NH,NO,, 0.1¥ KNO;, or hot
cencentrated HINQ,. Hewever, Vandecaveye (17) laster
reported that As not sefuble in 0.1N NHyAc had little
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injurious effect on plant growth, Reed and Sturgis’ (10)
reporied that a better correlation existed between plant
growth and 0.5N HCI cxtractable As then with water-sofu.
ble As. Bgeaunse of the lack of a good method far determin-
ing available As and because of chemical similaritics be-
tween As and P, a revicw of methods for datermlmng avail-
able P may be heipful.

Williams and Cooke (20) compared seéven extractants
by correlating P extracted with plant response. In these
experiments, 0.5N MNaHCOpexiracted P (8) correlated
best with plant respopse. In the same study, 0.3V HCQl
(13), 0.002N H;50, (15), and acetic acid-sodium acetate
{(MAc-NaAc, pXl 4.8) bauffer solution (14) methods
were equally effective, though inferior to NaHCO,. Three
extractants [0.5N HAc (21), 1% citric acid (H Ci), 0.1M
CaCly (11)] were of little gemeral use. The NaHCO,
soluble P did not correlate well on all crops, especially
when no P was added to the soil. Warren apnd Johnston
(19) and Boyd (3) likewise found that P exrracted with
0.5N NaHCO, gave best corrélation with plant response .
on a majority of soils studied.

Miller and Axley (6), working on 17 acid Maryland
soils studied six methods ¢f extracting available phos-
phorus, They found very little difference between the corre-
latlon coefficients for the various chemical methods (in-
cluding 0.5¥ NaHCO,) when the ¢xiracted phosphorus
was compared 1o the yield of alfalfa (Medicage sativa).

Available P it related to the form of P found in the soil.
Soil test P is highly correlated with Al-P by Shelton and
Coleman (13). Juo and Ellis (5) also examined chemical
and physteal forms of Al-P and Fe-P In reference 10 plant
uptake. They found that P from colloidal Al-P wes more
available to sudengrass (Sorghum: sudanense) than P
from colloidat Fe-P. Crystallized forme also followed this
order of availability between Fe-P and Al-P but were less
available than their colloidat forms.

The present study determined the phytotoxicifies of Fe-,
Al-, Na-, and C2(H,A$0,), compounds in soil and com-
pared six techniques of estimating As phytotoxicity (ar
avaﬂabxﬂty) in sofls, :
¥
MATERIALS AND METHODS

Phytotuxicity Factors

Two compounds, Fe(HyAs0,); and Al(HpAsO,); were
prepared by pradusily adding 100 ml of 1M NaHpAsQ, to 100
ml of 1M FeClg or AIC); with constant stisriag and healing 1o
95C. The pH was maintained al 4.5 = 0.5 with ¥ WaQH or N
HCL The samples were heated for 24 hr. The precipitates were
filtered and washed with hot distilied water unul free from
Cl-. Two other compounds, NaHpAsD, and Ca(HpAsQ,).,
were purchased commercinlly.
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reduction in weight of 4-week.old corn seedlings. Figure
i shows that 69 ug As/gram of soil (ppm) from Al-As,

77 ppm As from Ca-As, and 325 ppm sAs from Fe-As gave
the same reduction {r. growth (509, GRg,) as 42 ppm
As from NaH,AsO,. This indicates that at this partioulsr
20int, Al(H,A0,), 18 62% as toxie, Ca(l—lir\.s;o,l)3 is 549,

and Fe(H.4:0Q.), is 13% as toxic as th

Na(H,As0, ).

It was necessary ta determine the Fe(H;AsQ,), valuc by
¢xtenpoiation. Arsenic found in each fraction of the con-
taminated scils was multiplied by the GRy, percentage
vgloe for that fracrisn and these modified As fractions
were then summed to give an available Ag valuve.

Pure compounds were subjected to the modified P frac-
tiohation procedure afier addition o Lakeland loamy sand.
Although some As was found in all fractions, the major
gortion (> 75% ) of the As was found in the fraction coy-
responding to the addsd As compound. Total arsenic apd

the easily soluble-, Fr-

Al,, and Ca-arsenatcs found in

the soils are presentad in Tabls 2. The “a” samples are

check soils. whereas ‘he “b”

and “¢" samples (Table 1

and 2) are twe different samples fmm the same contami-
nated field. Table 1 contains & list of soil properties which
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Fig. 1—Corn response (4 weeks old) to addxtmns uf arscnarc
salts to a Lakeland loamy sand. : °

were determined, All of the Mls&lSS:ppx and Alabama soﬂs
were experimentally contuminated in the field (1932 and
1962, respectively) with As. All other soils rgceived the
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A Comparison of Analytical Methods for Soil Zinc‘“

A. L. BrowN, JaMES QUICK, aND I. L. EoDINGs#

ABSTRACT

$oily from 82 falds in Califeraia were analyzed for expract-
able 2n by four methods, namely, ammonium acetate-diphenyl-
thiocarbazone (dithizone¢), diethylenetriaminepentsacetic acid
{DTPA), 0.1¥ HC, and disodium ethylensdiaminetetragcctate
{NaEDTA}, Each soil was tested in the greenhouse for plant
response in relation to Zn applications. All four methods exhib-
ited a high degrec of correlation with each pther; the highest
oorrelation coefficient wag obtained for the comparison of di-
thizone with DTPA.

Calculated predietive values for DTPA, dithizone, 0.1N HCL,

.and Na,EDTA were 83, 79, 73, and 72%, respectively, for the

92 soils studied. On this basis the DTPA is preferable to the
others and the <ritical levsl is approximately 0.5 ppm Zn. For
same 30ily, more than one nsethod may be reguired to properly
oharacterize the Zn st!{tus The choice of method will depend
upon the correlation with plant response, equipment and facili-
tics available, and to soric estent on the preference of the
waelyst.

Additional Key Worde for Indexing: dithizone, diethylene-
triaminepentaacetic acid, yodiym triaminetefraacetate, hydro-
chloric acid,

EVERAL analytical methods have been used to diagnose
S Zn deficiency in soils. The two most common pro-
cedures uiilize cxtractioa with 0.IN HCl or ammoniutm
acctatc-diphenyithiocarbazone (dithizone). Extraction with
disodium ethylenediaminctetraacetste (Na,EDTA) has also
been done, but Jess correlative data ure available for this
than for the other two inethods. More recently extraction
with diethylenctriaminepeniascetic acid (DTPA) has been
prepased (Lindsay and Norvell, 1969)% as a satisfactory
method for Za and Fe deficiency disgnosis. The methods
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arc not equally rapid or equally adapied 10 Toutine analysis; .
The choice of procedure may depend on the availability
of suitable equipment, even though relatlonshxps with plant

growth may be similar,
The dithizone extraction method kas been shown to be

a useful mothod for dingnosing Zn deficient soils {Brown
and Krantz, 19¢1; and Brown, Krantz, and Martin, 1962},
This provides an excellent basis on which to compare other
methods of analysis. ‘

MATERIALS ANDD METHODS

Soil samples from 92 fields in California were analyzcd for
extrastable Zn by four methods:

1)_The Zn was detennined colorimetrically using zhu Bm-
monium acefate-dithizone method (Brown and Kramz, 1961
and Shaw =nd Dean, 1952).

2) 0.JN HCl-extractable Zn and mratab!e aikalmxty were
determined essentially us outlined by Nelson, Boawn, and Viets
(1959); but the extractant, after being made 10 volume, wes
run through gn anion exchznge resin colymn (Johnton and
Ulrich, 1959) to sepatrate the Zn from other henvy metals.” .

3) DTPA’extractable Zn was determined “according to the
method of Lindsay aad Norvell (1969)8

4) To determine Nap EDTA-extractable Zn, 2 g of air-dry
soil was shaken in 20 ml of 156 aqueows Na,EDTA solution
for 2 hr. The suspension was filtered through acid-washed,
flated filter paper. Zinc in the filirate was determined by atemic
absorption spectrophotometry (Allan, 1961).

Response {0 soil-applied ZnSO,; was determined by preen.
house pot tests tsing sweet corn (Zea miays L. ‘Golden Cross
Bantam T31°), Treatments were usually in duplicete or tipll
cete, Responss to lreatment is detignated to be a statistically
significant (¢ = 0.05) increase in dry weight of flant material.

Additional analysss were as follows: organiC carbom was
determined by dry. combustion; total Zn by Xeray fluorescence
(Whittig, Buchawex, and Brown, 1960). Determinstion aof
CaCOy wnz mede manometrically (Williams, 19499, sad the
pH of a saturated paste was determined with a pH imeter.

Correlation coefficients (Table 1) were calculated for car-
ben, CaC0y equivalent, and total Zn, compared to cxtractable
Zn values for each of the four methods. $t was considered un-
necessary Yo include the date on the various chemical properties
of the soils. The total Zn for the 92 solls canged from 28 to 13§
PPm, with an zverage was B6 ppm. Corrciations for pH as
compnrcd to othor propertics and extractable Zn were not eal-
culeted since mest solls wete between 7.0 and 8.2 ‘
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