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· ' ·th,. >esulh of six methods of estimatin~: Available As on 28 
; · different >o>ls from eight ~u tes .in the United St.•tes were r.or-

injurious effect on pl~nt !lfOWtb, Reed and Sturgk (10) 
reported tbat a . better correlation exisied,, __ betwQQfi . plant 
J!owth and 0.5N IICl extractable As th~tn with wator-so1u.' 
ble As. B~ause of the llilek ot a. good method for dete rmin~· 
lng available As ~>nd because of ch.,mical .. simi!arltic;s be-· 
tween As and P, a review o! methods for O:etermining avail-

. (d11ted with th~> wet tissue weight of 4-we~k-old aorn (Zea mavi 
L ) grO"'l'l on tb ese soils. Lin~ar correlation ~;oeffloil:nts between 
plant weight ;md the log; of the soill\1 concentration were deter• 
mined by rhe fo llowing techaiques (i ) total A~; ( i·i) summliltion 
of "'EPsily-Salubl6-," li'~<> -, AI-, at'ld C"·•met'late fractionc~ ( fil ) 
summation of "Easily-Soluble-," Fe-, AI-, &pd Ca·arsenate frac­
tions modilled br their inC.ividusl phytotoxicity; ( iv) 0.05N 
HCl aoa 0.02St-,r l12SO~ m .xed-Qcid·e:>::tractable Af; ( v ) O.SN 
NIIB'C03-e,tractable 1\. ~; ~to,l ( t:i) selection of the As exrractcd 
by 0.05N :t!Cl :md 0.025N' ~SO~ ot O.SN N¥HC0l methods, 
d 10Pc11diog on soil pH. The lnst four techniques were equally 
effecti-ve in predicting v!:.nt response ( ,. ;;:;:: O.Sl to 0.82 ) to 
soil arse,,ic, The mi~ed-sdd or bi.;arbonate method$ "VI'ere pre­
ferred becaus~ they r equire leu labor. 

.Additional Key Word~ for Indexin.'; soil arsenic, soil tcjt, 
.\.s phytotoxicity, 

A 11.S.E:-i"IC is used as a herbicide, insecticide, soiL ste.:~i~Ht, 
li.. silvicidc, and de~icc:mt in rhis ..,ountry. Arsenic has 
also be~n introduced into the environment in fertilizers and 
flue gases fro m copper smelting. As a result, As may accu­
mulate in soil in some/ca~e~ (2, 4, 17, 18). When the As level 

· increases, the challces of a phytotoxic response by the de­
sired crop also increases. therefore, a metho(! for estim~t­
ing the amount of avail<1ble As present in the soil and 
correlating this value to plant growth is desirable. 

E •ti.rna ting soil ft~rti lity .:>r plant nutrient av~llilbility from 
the rcmlts of chemical m~~thods has been extensively used. 
The phytotoxic it~· or availability of As may also be: deter· 
mined by such a soil re~l. 

Available As in .soils has bc"n determined with varying 
d~:grees of suc:cess. Albert and Arndt ( 1) reported that 
soluble As, when measured by a colloidlon bag dialysis , 
was a mot" reliable index of phytotoxicity than total As. 
Yandec$veye et a!. ( !8 '1 found nq correlation between 
phytoto:tlci ty and the s·Jlubiliry of soil As in distilled 
water. O.lN HN.Ac, 0.1 .\" NH.N03, O.lN KN08, or hot 
concentrated HKOs. Hcweve1·, Vandeca.veye (1 7) later 
reported thnt As nor soluble in. O.lN NH~Ac hnd little 
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~ble P may be helpful. · 
Williams and Cooke (20) comp:~red seven extractnnrs 

by correlating P extracted with plant response. ln the~e 
e,_pt;riments, 0.5N N~HC02~extracr~ P (8 ) correlated 
best with plan t rcspopso. In the same study, . 0.3N HCl 
(!3), 0.002N H 2S04 (15) , anci acetic acid-sodium acetate 
{ H:Ac-N aAc, pH ==> 4.8) buffer ~olution ( 14) methods 
were eq.ually effective, though inferior ro N aHC08. 1"hrec 
oxtractants [O.SN HAc (21) , 1% Qitric acid (H3Ci ), 0.1M 
CaCl~ ( 11 ) ] were of little geneml t.Jse. The NaHCO~ 
soluble P did not correlate well on all crops, especially 
when no P was added to t.he soil. Warren and 1ohnston 
(19) and Boyd (3) likewi>e found that P exrracted with 
0.5N NaHCOt eave best correlation with plant response 
on a majority of soils studied. 

Miller and Axley ( 6) , working on 17 acid Maryl:l.nd 
soils studied six. methods ct extracting available phos­
phorus. They found very little difference between the corre­
Jatlou coefficients tot the variom chemical rn~thods (in­
cluding 0.5N NaHC03) 'wh~;:n the extucted phosphorvs 
was compared to the yield of alfalfa (Medicago satiYa) , 

Available P is related to the form of P fou nd in the soil. 
Soil test P Js his;hly corri!!lated with Al-F oy Shelton ~nd 
ColemAn (13). Juo and Ellis (5 ) also examined chemical 
and phy,lcal forms of Al-P and Fc-l' in reference to plant 
uptake. They found that P from colloidal Al-P was more 
a"ailable to sudangrass (Sorghum sudartanse) than P 
from ~olloid.al Fe-P. Crystalllzoo for.n'l.S aho followed this 
order of nvailability between Fe-P and Al-P but wer~ less 
llvailablt than their colloidal forms. 

The present study determined the phytoto:<dci ties of Fe-, 
AI-. Na·. ~nd Ca(H2 AsO. ), c()mpound> in soil and com­
pared sbt techniques of estimating As phytotoxicity (or 
e.vail ll bit!ty) in soils. 

•jll 

MATERIALS AND METHOPS · 

Phytotoxi~ity Factors 

Two compounds, Fe(H2As01 h nnd Al(H~As04 ) 8 were 
l'r~!'arcd by grnd1.1 ~ lly Addinc lOO ml of 1M 'NaH2AsO~ to 100 
ml of 1M FeCl8 or AlCl~ with const~nt stirrlns ~tnd h~:ntlng to 
95C. The pH WI\S mllintninc:d ,1f 4,$ = o.s with N NnOR Or N 
HCI. The s;~mples were heated fCl r 24 hr. The pr<!: cipitates wor" 
filtered and washed Wilh hot distilled watef \Hn il fr~e fro r\1 
Ct-. Two oth~r compounds, NnJi2AsOi and Cn {H2As0~ )., 
were purch~~&ed commerciat]y. • 
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Each As 'ompound (Na+, Fea+, A!8+, or C11H (H2As04)xl 
was irtcorpolatod into 300 g ot Lnkdand logmy sand 11t a rsm 
~quiv~ len t t~ 0.01, 0.1, ) .0, 10, or 100 !-IS As/gt11m of sell Wilt) 
three replic11•ions. Three corn plants (Z~tJ mays, 'US 13') were 
grown on e1.cn soil for fotlr weeks, hnrv~st~u. nnd the Fr!!:sh 
weight dctcrnincd. 

Method! fo~ E:x:trl).eting l).nd Detc~minlng A.·senic 

Arsenic '"':l9 determined in soil extracts and diges1s by the: 
colorimetric rr1ethod reported by WooleOJ\ (22) . The method 
con~i~ted of/' n ar~eno-molybdum blue color clev~lopod on ':a 
reduced an ; distil!ed As solution. The A~11' was trHpped 
in a KI-12 S•)lution and the color reagents, hydrazine sulfate 
and amtnonbm molybdate, added. The color was develop<:d 
in a hot watc:o bath !lnd read at a40 ffi l'• A thousand-fold e:occ~ss 
of pho~phatc and sJJJfat~ in tho stard;ng iamplc: solutlon did 
not interfere with the As determination. 

Total As--Dry soil so.mples (1.00 g) were dieested with 6 
ml of HCI04 and H~so,. e.elo~ (l: 1, v/v) (22). 
. Surnmaticm of Cltf!mical Fracrlo/IS-Easily soluble·, r~·, 

Al·, !ltld Ca- forJTJs of soil As were <~xtrat::t~d according to the · 
. · - · · m~;~dified Ch~ng and lac~on pfo~:c:dure as de$cribtod by Peter­

. son and Cot~y (9), and the amounu found were summed. 
M r;;difi"d;S,unmarion. of Chemical Fracrtons-The amount 

of ell.si!y sol•.rble·, Fe·, AI-, and Ca-arsel)ates :t'Oilnd by the 
pr~ceding mtthod was multiplied by theif rnpective phyto· 
toxic factor. 'rhese modified f<a,lions ·wert'! •umrncd ( l: = 1.0 
X B.S. + . 6:~ X Al-As+ .54 X Ca-As + .13 X Fe-A,) . 
Mi:r~d-A ch'·E:Atr()cfable As--Arsenic w~s ~:o;tracted with 
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0.05N HCl nnd 0.025N H~S01 as d~s~ri beo by Nelson et ~1. 
(7). . 

Bic((rboll!rlc-Exrrocto&lc AJ-Acsen k WiiS ex11·ac:cd w:11-: 
0.5N NnHCO,. ns de~ cr ibe;i b>' Olsen et al. (8 ) . 

Selection of A;- exrracted by rl11r Ac:id or Bicarbmu•r<· 
Merltod~· Dtrwdfng 011 pH-Arsen ic wns ex!r:;Ct~d by lhc 
mixed ncid (0.05N HCl nnd 0.025N H~S04 ) when soi l p!-/ < 
6.5 or by 0.5N N:~HCO~ when soil ?H ~ 6 5. Soil pH W:1s 
determ i n~d by using 1: 1 N KCI. 

Bions:sl\)' for Phytotoxic AJ:"stmic 

Twenty-nine arsenic contnmina ted ~.:>il5 (T~b :e 1) from 
eight 5tates were: s~mpl ~<l l>t n depth of 0-l S em - A $econd 
!\pparently untreQttd sample from the sar.1e soil !ype W<ts also 
taken nnd used :lS a check. Three hundr~d grnms of soil w~ ; 
placed in cups and f11rtilized nt a rate of J H l<g N lha by 
wt. Four repliclHions of the!~ paired sells were ar,~n~;cd in a 
completely randomiz.ed blo~k d¢~ian in tne gr~:nhouse _ Thre~ 
corn plants (Zea mays t ... US 13) were grown fo r ~ wecl<$, 
harvested, and Wclchcd . The plant wcight3 from the contam­
inated soil~ were comp11recl with pl3nt wei ght~ from tlle \\11ton­
tamin~t.;d soils to determine the de.e, ree of A~ phytQIQXidty . 

RESULTS AND DISCUSSIO~ 

The phy loroxlcity of Na·, Fe- , Al-, a nd. Ca-As com. 
pounds in Lakeland lollmy snnd is ~pown by the pe~cent 

1, 

Tltble .2- Total arsenic s.nd p11rcentage of total ;u·s<!n ic ·in the 
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n:duc lion in wt::ight cf 4-week-old corn scedHngs. Figure 
i .< hows rh11t 69 Mg As/ J:ram of soH (pJ;Im) from Al·.As, 
77 ppm As from CQ-As, ~nd 325 ppm As from .fe-As gave 
rhe snmt reduct ion ir. growrh C50%, GR50) as 42 ppm 
:\s f rofll ~ ~~ H2A~O,. fhis indicates that. at 1his pnttiQul.~r 
;JO inr , A I ( H~A:;:04 ) ~ is 62% as to:xic, CA(Hi_As04)~ is 54%, 
:Jnd Fe(H2 A•04 ) 2 is I 3% as toxic as the Na(H~AsO,l. 
It was necessary to dt:terrnine the Fe{H~As0~) 3 value by 
extnlpO[ntion- .o\rsen lc found in each fraction of the con­
taminated soils was multiplied b>· the GR~0 percentage 
value fM that f1·acliOl'l and these modified As frtlctions 
were then sutmned to give an available As val'Ue. 

Pure compounds wtre subjected to the modified P frac­
tionation procedure af'er ncldition ro Lakeland loamy sand. 
Althou,eh ~orne AS was found in aU fractions, the majo·r 
portion ( > 75% ) o! th~ As was found in the fraction cor­
responding to the add.:d A3 compound. Toral arsenic and 
the easily solubh;:-, P,!-, Al~, ;~nd Ca-arsenatcs found in 
the ioils are presentetl in Table 2. The "a" samples are 
check soils. whereas :he "b"' and "c'' samples (Table 1 
and 2) are two diffen:nt ~nmples from rhe same contami· 
nated field. Table l contains ~ list o! soil properties which 
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arsenic from norm11l pustidde treatment. An imlit:ation of 
arsenic accumulation in the soiJ was observed (Table 2) 
in the lndi<l:lll solls whkh contained .mol'e than 90% of the 
n:corcled total application in the surfD.ce lS em. The Mnry­
hwd sample (55 c) conn•lned 71% of the estimated As 
application. Sampling site ls important in observing the 
.accumulation of As. The M¥yland chc:cl<. sample (55 :~) 
was taken c n th11 edge of the fi11ld, the "b '' !ample from 
between rows of trees, and · the "c" &ample was obtnincd 
from beneath· the trees. There is ::~. . corresponding Jncrea~e 
in arsenic:: ltyels among the snmples (a to c) . · 

Iron-As ~ ·a.~. the predominant form in moat ~oils withAl­
As usually :he second most abundant form. However, a 
few exceptic·ns to tbis pattern exist. In some soila (soil no. 
14, 16, S2) the Al fo:rtn was highest in abundance nnd in 
two soils (sci! no. 48 b and 48 c) Ca·As was prcdomir.Hln!. 
The: big(\ ~-lctive AI or Ca con[ents of these soils (Table 
1) could explllin this ch.ange. Also the rell_ctive . Fe content 
wag lower than the reactive Fe content in most or the soils 
tested. "All >oils exhibiting a growth . reduction in corn 
greater than 60% contained measurable amounts of "Easily 
Soluble" As with one exception (soil 42_£tom New York). 
All of the ~reated Idaho soils and one !Oil each from 
Florida and !ndiana contained detectable amounts of 
''Easily Soluble" As. _ . ·. . 

Correlittio;Js between the log of the different test value~ 
and the rcdllCtion in plant zrowth caused by As are pre­
sented in F 1g. 2. All correlations ate significant at the 
1% level. 

Applying 1m availability factor to the amount of As pres• 
ent in each form and summlng thesr; amounts to give total­
available As yields a bctt~ correlarion than the summation 
of As fractions (r ::::; 0.82 vs 0. 73, :respe~;~ively). This 
reinforces th~ hypothesis that th'l individual chemical As 
specj~ do have different avail~biHties and, as 11 res\dt, 
phytoto::t.idti~.s. 

Correlations between the log of As extracted mixe<i acid 
(0 ,025N H~504 and O.D5N HCl) and 0.5N NaHC08 and 
plant growth indicated that both methods were ne~rly equal 
( r :;;:: 0.81 J.l)d 0.82, respectively). The mixr;d method ls 
used r()utincl:' to test tor available P ln weathe~fed acid soils 

. of _the Eastc;m United Stlltes .• The bicarbonate procedure 
i~ "i.1sed to tes :· for available :P in the western alkaline soils. 
Th~:se two rr:c:thod:; were selected since the soli• used in 

· this study . came from both re~ia(l.ll. Two other ~~~t3, the 
·· :.- . . · ··modified ·surnmation of As fractions'' and :he combination 

:; .. ;_ ,_: of mi:X:ed aciq method for soils with pH < 6.5 or the bicar­
.. : .'.~ . - bonat~ m~th~d for soils· pH ~ · 6.5 also gave correlation 
. ·~' coeificie~t~ -: d . o.s:z ) a~d .· 0~81' respectively, with plattt 
. ~-;j: ' growth~' Corrdations between plant growth and total As, 

· ' .' -'' a:s· well as · tht, . "s\lmmation of As fractlons," were not as 
i.;. goOd as' witl1 the other four t~;chniqlle5 (r = 0.74 and 0.73, 

'· ·; · : i-llspectiveiy) _- · The four best correlations account tor 
66- 67% of tlle voriation in plant ~rowth {Fig. 2) . Some 

. of the r~ma.inmg variation might be acco~tntlld for by dif­
.. · ·--·: in· the solt fertility of the two samples which were 

.:.. ........ , ... _ .. · from each location.- ' 
cal~cu;t:w~·<l i-e~r~s-5ion for all mothoda o£ detl!rmlnln; 

· · ! •hat at .. the lower As levels ( 40-50 
l' and the S\tmmatlonll. of As fractions, 5 

~·. . . . ! ..... 

Hl 

ppm As by extraction) ~ positive growth re.spon~e is pre~ 
dieted. This positiv" rllspoose h real and has been obs~~ved 
marty times by the authors in their greenhouse work. This 
.-espon~c is presun1nbly due to a slirnttl::>.tlon of lh~: plant 
system5 by small amoul\ts o£ A> s ine ~ orh~~ pesticides 
(e.g., 2 , 4-D ) stimulo.te plant growllJ ut sublethal dose 
!eVf:IS, 

The four ben techniques for eslimating As availabil ity 
to plants resulted in correlation coe!ficients of 0.81 to O.R2. 
Of these four techniques, the O.SN NaHCO~ method or 

the 0.05N HCI and 0.025N H2SO~ mixed acid method 
were the: J~ast laborious, and may be prderred for deter­
mining phytotoxic (available) As. 
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A Comparison of Analytical Methods fol" Soil Zinc 1 

A. L. BKow~. lAMEs QurcK, AND J. L. EnDINGs :.< 
·'· . . ·-~ ~ ': 

ABSTRACT 

Soil1 from 92 fl~lds in California were ana.lr2:ed for extract­
able Zn br four methods, nl\.mely, ammOnium •cctste-dfphenyl­
thlocarba:r.one ( dithiront: ) , diethylenetriamine~entaacetic acid 
(DTPA ), O.lN HC!, and (;isodium ethylcnedlaminetetraaoetate 
( ~a.EDT.A ). Eaeh soil w:ts tested in th@ ~;reenhous~ for plant 
resp~nse in rehHion to Zn .applications. All four metl\bds e:xhib· 
ited a h!iii:h degtC"o of conelatiOlot with eaoh other; thi! highest 
oQrrelation coefficient wn$ obtained for the comparison of dl­
thiZOJ>e with DTl' A. 

Calculat11d predict[ve 'Vlllues fo~ DTPA, dithh;one, O.lN HCl, 
. and Na2EDT.o\. were 83, 7:), 73, and 711.%, l"espectiv&IY, for the 
92 ~oils $tudied. On this baois the DTP A i$ preferable tQ the 
oth .. .., and the critical lev<:l is ~pproximatelr 0.~ ppm Zn. For 
some •<>ih, more th~n one m .. thod m11y hE reQuired to properly 
Dh!U'actetl.t& the Zn st.ftus. The choice of nlethod will depend 
ul)on the correlS~tion wltb J)lant response, equipment and facili­
ties avail11ble, 11nd to •or,,., et.tent on th( preference of the 
1m11lyn. 

Additional Key Word .. fur ll',de.:lng: ditM~<me, diethy!en,. 
tri9.m~nepeatnac-otic :~cid, $cdiu!Jl triaminetetr ... ac.,~al:t!, hydro' 
l!h!oric acid. 

S J:VElt.\l, analytical .methods have been used to diagoose 
Zn deficiency in soils. The two most common pro­

cedures utilize cxtraotio,1 with O.lN HC! or ammonium 
ncetatc-diphenylthiocarbazone ( dithi2one). Extraction with 
di~odium ethylenediarninetetraace~ate G'l'a2EDTA) has also 
been done, but less correlative data are available for this 
thiln for the other twQ method&. More recc:ntly extraction 
with diethylcnctr1aminepenias.cet1c a.eiQ (DTPA) has been 
proposed (lindsay and Norvell, 1969)~ as a satisf21t:tory 
lhethod fqr Zn and Fe deficiency dlnsnosis. The method~ 

. 1 Contribution from Dept. of Solls & Plant Nutrition, Univer­
Sity of Ca!ltorni.EI, Dnvis. Recc!v~:>d Mar. 51, 1970. Approved 
s~pt . lS, 1970. 

z Leoturer in Soils, Agricultut'ist, !lnd former Laboratory 
Yeclmi;ian, respectively, 

• Lindsay, W. L .. ana W. A. Norvell. 1969. A n~w ))Tl'A· 
TEA soil t"St for Zn and F!-l. Agron. Abstr. p. 84. 

... 
. ·- •' ' .' .. 

are not equally rapid or equally adapted to routine analysis. 
The choice or procedure may depend on the availability 
of suitable equipment, even though relationships with plant 
growth may be similar. 

The dithizone extraction method has been shown to be 
a useful tn<;>thod for dill.gnosing Zn deficient soils (Brown 
and Kranl:e, 1961; and Brown, Krtmtz, and M;utin, 1962). 
Thi~ provides lin excellent basis on which to compare other 
method~ of analysi~ . . 

MATERIALS AND METHODS 

Soil ~amples from 92 l.'ields in California were analyzed for 
extra~;tabl.; Zn by !our methods : · · 

1 ).,. Til~ Zn was l:letertnined ~olo~imetrically . using ~e am· 
monium a.cet~te-dithizono:o method (Brown and I(rantz, 196_1: 
and Shaw and Dean, 1952) . · · .. :· 

2} O.lJ'v HCl~xrractable Zn and titrah.ble alkalinity were 
determined CS$C>ntJally a$ outlined by Nelson, Baawn, an.:! Viets 
(19S9); but lh!:! e~~actant, after bc:lng made to volume., W!IS 

nm throu~h an anion exchange: resin columl'! (Johnson and 
Ulrich, 1959) t<> sep.ar.att the Zn from other heavy metab:-

3) DTPA-extractablt: Zn was dt:tetmllled'a~~;orclln: to the · 
method of Lindsay ll!ld Norvell { 1969) .B · ·• 

4) To determine Na~DTA-extra.::table Zn, ~ It of air-dry 
soil was shaken in 20 ml of 1% aqu~otlS . Na2EDTJ,. $elution 
for 2 br. The suspension was filtered throllt~h acid-washed, 
fluted fillet paper. Zinc in the filtrlltt: was dercm1ined by atomic 
absorption ~pectrophotomctcy (Allan. 1961) . 

Response to soil-appli~d ZnS04 was de(ermined by green­
bouse pot tests using sweet corn (Zea nwys L. 'Golden Cross 
Bantam 'l"$!') . Treatm~ots were U!uaUy in du~licBte or rri:pJI. 
cate. Res~on~~ to trt~atment is cletignated to be . a statistic:all)' 
significant (<> !!!::: 0.05) increase in dry weight o! ijl~l\t m11terial. 

Additional anRlys~s were as follows ; Ofl}lln!c cal'bon was 
detcrminc;cJ by dry. combUstion; total Zn by X:·ray fluorescence 
(Whltti~, Buchanan, and Erown, 1960) . Detcrmin~t-ion or 
CaC08 Wll$ made manometrife.lly (Williams, 1949), nod the 
pH of a saturated paste WM determined with a pH meter. 

Cor~lation coefticients (Table 1) w¢re Cl!.lculated for ca(­
bon, C11COa equivllllmt, and total Zn, compared to cxt.ractablo 
Zn value~ for each of the fau~ methods. It was considered \Ill· 

necessary to include the <l11tn on the vadous ch~micnl prot~crtles 
of the smls. Tho total Zn fat the 92. soils l'anged from 28 to Do 
ppm. With nn aVtl'aJl'e WAS tl(i ppm. Corl'\':lations tor pH ns 
compared to othor properties and elltrnctable 2n were not cai. 
cullltc<l since rno~t soil$ were between 7.0 E~nd 8.2. 
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