
~ ' . ,. ~ ~ .... 
·, ... ~ ,~~ .... ~ ·:..~;·.!""' 

' ~ .. • , ' ~ ~'It • • ' ' • • " • 

1 • • ' ~ ' • '.. • .. ' 

I' 

Effects of Trace Elements on Phosphatase Activity in Soils1 

N. G. JUMA AND M.A. TABATA!V.J~ 

ABSTRACT 

· evalllate tlw effects 011 t1w adiYity ol acid and alkaline 

,.a1 t•. •• ••-.~t:~~'· a,: lO rr.ct element£ sbowed that aU trllct elements iD­
..... ·· f/1 phospbatases ill 811&. ltesults sboweO that the rela-
••1hellel6 oltbe tria elements in inhibition of phosphatase ac-
.., ...... • the soil. \\'hen the trace elements wen compared by 
_ .. ,.. ... ...,~- .. soil, tlK averqe iahibitiou of acid phosphatase iD 

dlat Ba(ll), A$ (V), W(VJJ, and Mo(VI) wen the 
(IP!II'IIII:t iUibitioll >58'~>)- that Ba(U), Co(ll), and 

Je.lt eftedive {aven,e lallllliCioD < lK) Jablhiton. 
.. llllllblted acid ......,... .... lldtrity Ia .... were: 

Cd(ll), Cu(ll), Zo(II), Mn(II), So(ll), Nl(U), Pb(ll), 
Jile(lll), 8(111), -~• V(IV). and Se(IV); dtetr ._ 

....ned ... dlra ....... . 
..... Wirlaldbllenftl ..... ~ lldiYit)·llllllll5 

Cd(D), V(JV), ad As(\'). All the trace elements that iD­
!If!f 1 ....... a. lldhity ... illblbited albliJK pbospbatae 
_,_,... .I eftecth- oltllr trace *-eats ill toblbltioo 
!!IIIJillllll• ldlvlty - clifftnal ,_ dlllt ffL ilddbitioD fill 
......... ldlvlty. ~' the lahiiJitlary dfect of trace 

the,._ oll..S ~~ ....... iD tllr pres-
,.,__rs 1011. a addiCioll tG lilt effect flltncr elements, 

illllllitecl acid and aiWiDe pbospbatllse lldivltics lD 
lllliom such as NO,-, NO,-, Cr-, and SO/- weft aot 

.... pnsentt and ahseln or buffer. 

ta.la: Words: acid phosphat.., lllblioe pholplaatalle, 
.. tmylll5, IIJil pollatioa, ur1hoplaolphate. 

by heavy metal~ and other trace ele­
.il; ~ of the m~Jor environmental problems as­

--•·''Wim some industries. Use of As, Ba, B, Cd, Co, 
Mn, Hg, Mo, Ni, Se, Ag, Sn, V, and Zn and 

t~Pourn:h• have been summarized recently by Page 
• several of these element~ are added to soils a& 

as ·impurities in fertilizers, or as components of 
and industrial wastes (1 ,2,9). In addition, some 

elements (e.g .. Pb, V) are present in fuel oils and 
~ em.itte<l inlo the atmosphere upon burning and de­
~ on soil&, especially near urban areas (9.18). 

·fCsearch dealing with the chemistry of trace elements in 
SQi1s and the toxicity of the various elements to biological 
~. including accumulation in plants, is extensive 
\3~~9), but little i~ kn<•wn about the relative effects of trace 
~!Meat£ on the biochemical processes in soils. Addition of 

dements to soils may affect microbial proliferation 
~\.pleymitbc activities, possibly leading to a decrease in 
•:aa of the biochemical processes in the soil envlron-

Pbosphatases in soil& and plant roots are largely 
~P.ill .. liblle for mineralization of organ1c P in soils (4). lt 
•nlll!a shown that several of these elements (e.g., Cu. 

inhibit potato (Solammr tuberosum) acid phos-
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phat:ase activity (11) and that Mo inhibits acid phosphatase 
activity of tobac-.co leaves (Nicotiana cabacum L.) (13) and 
tomato roots (Lyc(lpersicon esculentum) (15). Recently, 
Tyler (17) found a significant negative regression coeffi­
cient ( -0.81 "'*"')between acid phosphatase activity and the 
sum of Cu and Zn concentrations in spruce (Picea abies L.) 
needle mor coniferous woodland around a brass foundry in 
Sweden. Also, while this manuscript was in preparation, a 
paper was published by Tyler ( 18) showing that V inhibits 
acid phosphatase activity iD mor soils. Review of the litera­
ture revealed little infonnation on the relative effectiveness 
of trace elements in inhibition of activity of soil acid and 
alkaline pbospbatases. Therefore, this study was conducted 
to evaluate the effect of equimolar concentrations of trace 
elements on the activity of these enzymes in soils. Results 
obtained showed that all the 20 trace elements used inhib­
ited the activity of acid and alkaline phosphatases in soils. 

MATERIALS AND METHODS 

The soils used (Table I) were surface (~ to 15-cm) samples 
selected to obtain a range in pH, texture, organic matter content, 
and phosphatase activity. Before use. each sample was air dried 
and crushed to pass a 2-.mm screen In the analyses reported in 
Table l, pH Will> determ1ned by a glass electrode (soi!lwater ratio, 
I :2.5), organic C by the method of Mebius ( 10), particle-size dis­
tribution by the pipette analysis of Kilmer and AleKander (7), and 
phosphatase activity by the method of Tabatabai and Bremner 
(16). 

The trace elements used were Fisher certifioo reagent-grade 
chemieals. Of these. Ag{l). Cu(II), Cd(ll), Zn(ll), Fe(ll), Co(II), 
and V(IV) were added as the sulfate; Cu(l), Hg(Il), Sn(II), 
Mn(ll), Ni(ll), Ba(Il), Fe(IIl). Cr(Ill), and Al(lll) as the chloride; 
Pb(ll) as the acetate or nitrate. and As(III). B(III), Se(JV), As(V), 
Mo(VI), and W(VI) as NaAs02 , N&s!BP7• HzSe()3 , N&JiAsO •• 
H,Mo04 , and Na2W04 , respectively. 

ln testing the effects of trace elements on activity ofphojipha­
tases., I g of soil in a 50-ml Erlenmeyer flaslc was treated with I ml 
of solution containing either 2.5 or 25 #'-mole of trace element. 
This soluticm was addt".d drop\\rise to moisten the whole soil sam­
ple. After" 30-min equilibration. phosphatase activiry was deter­
mined by the method of Tabatabai and Bremner ( 16). This method 
involves colorimetric determination of the p-nitrophenol released 
hj phosphatase activity when soil i~ incubate.d with 3 ml of univer· 
sal buffer. l ml of S mM buffered sodiump-mtrophenyl phosphate 
solution, and 0.25-ml toluene at 3-r'C for l hour. Universal buffer 
of pH 6.5 wa~ used for assay of acid phosphatase activity and of 
pH ll was used for assay of alkalme phosphatase activity as 
described by Eivazi and Tabatabai (5). TI1e results of the phospha­
tase activity from trace element-treated soils were compared with 
those obtained With l g of soil treated with ! ml of water. Percent­
age inhibition of phosphatase activity by each trace element was 
calculated from (A - 8/AiJOO. where A is phosphatase activit) of 

Soil pH Orcanic C Clay Silt Sand 

Harpll 7.8 
Okoboji 7.4 
Weboter li.ll 

3.74 
£>.45 
2.68 

44 
60 
19 

26 
16 
18 

Acid Alkaline 

78 
169 
210 

230 
23& 

20 

:~ 

l 
I 
I 
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Fie· 1--Effect oi pH of buffer oo reiase of p-aitropbeool in assay ot 
pbosphatase actmties in !lllill. 

untreated soil and 8 is phosphatase activity of trace element­
treated S()~l. All results reported are averages of duplicate analyses. 

RESULTS AND DISCUSSION 

Most soils show the greatest phosphatase at.."tivity near 
neutral pH and usually differenl optimum pH values are ob­
tained by different buffer systems. The distinction be~een 
acid and alkaline phosphatases is based upon the marked 
difference in the pH ranges in which these enzymes are ac­
tive. Therefore, an important requirement for the detection 
of acid and alkaline phosphatases is the use of the same buf­
fer throughout the pH range desired., The universal buffer 
used has a buffering range from 3 tO' l2 and is suitable for 
this type of study. Using this buffer system, Eivazi and 

Table 2-FJrects ef trxe elements «1 acid pbasplaatue 
activity in 10ils. t 

Trace element Percentage inhibition of acid 

Oxidation 
phosphataae activity in soil specilied 

Element state Harps Okoboji Webster Average 

Cu 28 43 51(18) 40.7 
Ac 38 15 9(9) 20.7 

He n 52 53 &3(12) 56.0 
Cd 51 48 <14(14) 47.7 
Cu 26 36 44(111 35.3 
Zn 32 33 3015) 31.7 
MD 16 12 62(11) 30.0 
Sn 15 21 41(12) 25.7 
Ni 19 21 23(11) 21.0 
Pb~tate 19 17 24(3) 20.0 
Pb nitrate 18 15 26(4) 19.7 
Fe 11 18 27(3) 18.7 
Ba 3 8 -3161 6.3 
Co 8 5 l!O) 4.7 

Cr III 25 :~7 :10(5) 27.3 
Fe 5 26 40(7) 23.7 
B 1 ']2 33121 18.7 
.-\1 8 t·t :Mi lO_l l!!.~ 

As 1 16 9(4) ll.7 

v IV 45 55 49(30) 49.7 
Se 39 34 24(16) 32.3 

As lj 39 tl:! ':SO( :~a, 6(l..l 

w VI 45 t)9 J4(75, 69.3 
:\to 41 a a 93(69) 67.3 

t :!5-~moie trace c-lem~nt/g of soiL Figures in parentlu~ses indicate percentage in-
h1b1tion oC acid ~hosphatase activity using 2.5-IJIIlole trace •lement;g ~c soil. 

Tabatabai ( .S) recently showed that acid phctSJKNd!llll! 
is predominant in acid soils and that ............ ... 
activity is predominant in alkaline soils, 
shown in Fig. I and Table I. 

The effects of trace elements on acid ph4o~•hata.t~ 
in soils varied considerably among soils 
ever. Hg(m. Cd(m. V(!V), As(V). W(VU, 
were the most effective inhibitors of the activity 
lyme m ;oils. The average :nhibition observed 
rhree soils by using Z5 ,u.mole trace element/g 
from 48% with Cd(li) ro 6(}% w1th Wf VI). But only 
As(V). W(VD, and Mo(V1) showed average 
>50%. Also. AS(V) was a much stronger 
As< HI). This is of importance because As( III) is readiJ.Y .. 
idized to .~s(V) in soil_s und~r aerobic con~itions. WitltJ 
few exceptions, reduction ot. the a_mount ot trace::ra-.,.·-.·.­
added per g of sml by 10-told (from 25 J,Lmoles .o:; 
J.Lmoles) decreased the degree of inhibition of acid ::.,;·' ·. 
tase act!vity by these elements (Table 21 _ Ot~cr trae~ · · 
ments that inhibited acid phosphatase activity ia. 
Cu(I), Ag(I). Cu(Il). Zn(m. Mn(ll). So(U)~ 
Fe<m" Ba(m. co<m, cn:III). Fe(Ill), B(IH). 
Se(IVi. Of these Ba(ID. Coiii), and As(Ill) 
effective inhibitors (average inhibition < lO'lb}" ·· 
tate inhibited acid phosphatases activity in the 
the same extent as lead nitrate. 

Table 3 shows the effects of trace elements 
phosphatase activity in Okoboji and Harps soils. 
20 elements studied, Ag(D, Cd(m, Hg(II). 
As(V) were the most effective inhibitors. With · 
trace element/g soil, the aver.tge inhibition 
the two soils ranged from 47% with Hg(m to 
Ag(l). But only Ag(D, Cd!If), V(IV). md As(\') 
'average inhibition >50%. Like the acid ph(>S~nat-
ity, reduction of the amount of trace elements 

Trace element 

Oxidatioll 
Element state 

-~ 
Cn 

Cd n 78 IJ.t27) 
He 53 41(3) 
Zn 59 28111 
Sn 25 38(41 
Pb acetate 33 21(9) 
Pb nitrate 38 1~4) 
Cu 20 23(9) 
Mn 25 18(9) 
Fe 22 20(5) 
Ni 22 12(8) 
Co 16 615) 
ila 17 5(3) 

Cr Ul 27 39(14) 1', As 35 19(9) 5.· y. .. 
Fe 19 3214) 
Ai 20 :!5(-l; 
B 14 12(11) 

v !V 61 60(21) 
Se 30 35(15) 

As v 75 :i 71.12) 

w VI 29 :12(51 , .. 
Mo 25 22(12) ,. r,· .. .,:::• 

t 25-IJlllole trace ~iement;g of 'iOil. F:(Ures ln parentheses 1ndicate peromUIGI if. 
ltibition oC alkaline phosphatase activity usinc 2.5·iJIIlole trace ele~4 .... 

t,<· 
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folC (from 25 J.Lmoies t0 2.5 J.Lmoles) generally re­
jy-, E decrease in inhibition of alkaline phO!;phatase ac­
lf' smb. Ai~(,, As: \"1 Wll' more effective inhihnor of 
r: phosphatase than war. Aslill). All other tra:::e ele­
that inhibite(l acid phosphatase activity also inhibited 

-.e phosphatase activity in soils. The orders of effec­
S!> ~,f the trace elemen~' a:, inhibit0rs of acid phospha­
:tivity were different from those a.<. inhibitors of alka­
hosphatase activiry (Table 1 and 2). 
;:a) ions may inhibit enzyme reactions by complexing 
bstrate, by combining with the protein active group of 
nzymes, or by reacting with the enzyme-substrate 
•lex. The mode of inhibition is dependent on the type 
::.trate u~ Little infonnation is available, however, 
r1ibition of phosphatases by various metal ions. Studies 
~effect of metal ions on the action of acid phosphatase 
Jed from tomato leaves have shown that, with p-ni­
ayl phosphate as a substrale, Cu(II), Zn(II), and 
l) art strong inhibitor>. of this enzyme ( 1 3). The inhibi­
;ecms of a noncompetitive nature. Metal ion!. generally 
:ssiiiDeO to inacti"·ate enzymes by reaction with sulfhy­
SfUIIP'. a reaction analogous to the formation of a 

J sulfide(14}. Sulfhydryl grou~ in enzymes may serve 
tteg.-al parts of the catalytically active sites or as groups 
·ived in maintaining the correct structural relationship of 
::nzyme protein. 
he pH values of the trace element solutions varied con­
rably. They ranged from 2.1 for the Sn(IJ) solution to 
i.Jr the As(lll) and B(III) solutions.. Because of this 
ation in pH. the percentages inhibition of phosphatase 
\ify of the Harps, Okoboji, and Webster soils by trace 
neats in the absence of buffer were. in most cases., 
.Iter iban those obtained for aciG phosphatase activity in 
pn::5e.tlce of buffer. ln some instances (e.g., B(III) in 

'PS and Okoboji soils). results showed activation of 
~ activity in the absence of buffer. Measurement 
llldthe trace element-treated soils indicated that the pH 
a.« the soil-trace element-water systems varied con­
~- deviated markedly from the pH of the system 
-~ of trace element, indicating that the increase 
~nh!'"hition and the activation observed in the absence of 
~~due to changes in the pH of the incubation mix­
!1.:: However, test~ showt".d that the acid and alkaline 
"lf.'Pbatase activities of the soils used were not affected 
~ lhe l g soil was treated with I ml of water adjusted to 
:t' "ilrith dilute H2S04 or to pH l 0 with dilute NaOH solu­

r: and allowed 10 equilibrate ar room temperature for 30 
ll·t.efore assay of phosphatase acuvity in the presence of 
•. The results suggested that the pH of the trace ele­
.:nt solutions did no! affect phosphatase activit) and the 
~ inhibitiom by the trace elements in the presence of 

were totally due to the ef'fe(;t o7 these ions on acid and 
phosphatase activities of soils. 
'lhowed that with use of buffer pH 65 for assay of 

._pmuaJ;e activity, the pH of the soil-buffer mixture 
6.5 with Webster soil to 7.0 with Harps and 

soils. With buffer pH of 1 I for assay of alkaline 
activity, the pH of the soil-buffer mixtures was 
Harps and Okoboji soils. The deviation in pH 

from addition of trace elements in the pre;s-
DDI1ven:.al buffer did not exceed ±0.3 pH unit. 

Expe:iments with 25 JLmole of NaCl or K 2S04 /g soil in­
dicated that the Na+, o-, and SO/- associated with the 
tmce eiements studied did not have any effect on the activity 
of a.:-id and alkaline phospnatuses in soil~. 

Because of the similarity in the ionic structure of wo._2-. 
MoO/·, HAsOl-, and P04

3- and because phosphate is 
added to soils as a fertilizer, we studied the effect of POl­
(as KH2P04 l on the activit) of ac1d and alkaline phospha· 
tases in the three soils used. Result~ indicated that 25 JLmole 
phosphate/g soil caused a marked inhibition of acid phos­
phatase activity. 32o/c in Okoboji soil, 3So/r in Webster soil, 
and 62% in Harp!i soil. The corresponding percentage inhi­
bition at 2.5 JLmole/g soil were 5%, 6%. and 26%, respec­
tively. Weimberg and Orton (19) showed that, like borate, 
molybdate, and arsenate, phosphate ion inhibits the S. 
mellis (yeast) acid phosphatase activity, although higher 
concentrations of phosphate were required for the same 
degree of inhibition as was obtained with eithec arsenate or 
molybdate. Inhibition of acid phosphatase activity by these 
anions seems of a competitive nature because studies by 
Spencer ( 15) have shown the competitive behavior of mo­
lybdate for the active sites of tomato acid phosphatase. Our 
work indicated, however. that the phosphate ion was a less 
effective inhibitor of alkaline phosphatase than of acid 
phosphatase activity in Halps and Okoboji soils. The per­
centage inhibition of alkaline phosphatase activity was 28% 

, in Okoboji soil and 40o/C in Harps soil at 25 #-(.mole phos­
phate!g soil. The results at 2.5 #-'-mole phosphatelg soil were 
2% and 6%. respectively. 

Studies of phosphatase activity in the absence of buffer 
showed that, at 25 #-(.mole/g soil, phosphate ion led to 
inhibition values ranging from 35'* in Webster soil to 69o/C 
in Harp~ soil. The corresponding percentage inhibition at 
2. 5 JLmcile! g soil were ! 4 9f anc 30%, respectively. Related 
anions such as NQ1- and N03- were not inhibitory in the 
presence or absence of buffer. 

The inhibition of acid and alkaline phosphatase activities 
by orthophosphate ion is of particular importance be-.cause 
these enzymes are responsible for hydrolysis of soil orgaDic 
P and because, besides its addition to soils as a fertilizer, 
orthophosphate is the end product of P mineralization in 
soib Halstead (6) found a positive relationship between the 
decrease in phosphata.<it activity of several Canadian soils. 
incubated at room temperature for 9 months and the amount 
of organic P mineraiized rwer the same period. He also 
reported, however, that addition of phosphate (concentra­
tion not specified) before incuhation had no appreciable ef­
fect on phosphmase activi~: in soils. Our result~ clearly in­
dicate that phosphate ion inhibits both acid and alkaline 
phosphatase activities in soils. The degree of thi!> inhibition 
lo dependent on the amount of phosphate added. 
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- -Immobilization of Fertilizer Nitrate Applied to a Swelling Clay Soil in the Field1 

D. E. KISSEL, S. 1. SMITH, W. L HARGROVE, AND D. W. Dillow2 

ABSTRACT 
Low recoveries of S fertilber by crop11 !Ill BGII!IlGII Blacl day 

prompted this invesdpdoll. Our objedlfts 1Nft to determine llow 
IIIUCB rertiJiar aitrate am be ~ immollili:led IUider field CCIII· 

.... wllea feni.llzadoa exceeds crup ~ ud to detentdDe 
1fben immobolizadoo OCClll'S duriDc die ar-iuc _.. Caldum ai­
lrate tllged with 9.6 atom ~ '"N wu appfied to lidd Olicroplots at 328 
q Nlba and p-aiD ...pam f,Sorglllllfl bU:. L.) w• planted ill ,_, 
.:na eKillllicroplot. The ..-anoos ~ et die N balance were 

-ed by 1lllllpiiDc mknlplots at differed times duriDa tbe -· 
OaJy 1.1 .. NJba .. .iauaoblll:lt!d duriac tile tnt .n 4ays aftao .... 

dlzadoll ud ......... Tile nee Ill~ t.rased rapidly 
4llria& die ~~at aea,s lad ... -.ttou~ "'q Nllul-.luunollilbed. 
1'1lis ~~~~erase-~ .. ~ to aD illcnalle in JOB temper­
ature above :U'C. 

About 91~ ot'tbe fa1iiUel' N was recovend, indicating that oo more 

dum 9'lr wa deaitri&ed. ill .Jpite ot ample water tlult - ~ as 
raJa or lnipdalll water darinc die Jbldy. A aet ~ (aa 
I~ ill lllil Ol'pllic N relatift lilt aa •alenflized plat) ot !3 to 73 q 
NJba was Cllei&5Ul'ed on the fertilized plot. This oet Immobilization 
sugesas tllat the orpoic N conteut of swelliac clay !Oils that laan hi5-
torically '-tl Sllbjec:ted to eldwasdve ~ aaay IDcrua dowly 
and p-adully radl alliper eqailibrium lnel due to N rmot.&er use. 

.4tldiliiHud INID& Woni.r: N fe:tillzer edideDc:y, N balance, N cy­

cling, "'N. 

I MM081LJZATION of inorganic N has received considerable 
attention in recent years, and the principles of im­

mobilization and mineralization of N in so1Is have been 
fairty weJI established. 

Net immobilization of N during the process of plant resi­
due decomposition has been shown to reach a maximum 
very quickly after the addition of a C illurce to soil (Allison 
and Klein. 1962; Winsor and Pollard. 1956). Allison and 
Klein ( 1962) found immobiliz:mon by wheat srraw was 
ma'<.imum about 20 days after the start of decomposition. At 

that time the C/N ratio in the partially de~::on:qJQ 
was about 25. After the initial rapid dec:orrtpositi• 
of mineralization of immobilized N had been 
rather slow (Broadbent and Tyler, 1962~ 
1965). However, the rate of mineralization of 
mobilized N has been from 10 to 15 times 
of indigenous organic N (Broadbent and Nal<a!illllma 
·t..egg et al., 1971). The relative availability of 
N declined with time in these studies. 

Allison and Klein ( 1962) concluded that 
ment in the decomposition process depended 
tion of the materials; on environmental c01¥liltiollld 
feet the nature of the flora and rate of decay~ 
of incubation." In this regard, Hiltbold et a.L 
that two to four times more N was immobilized 
than in fallowed soils. Nommick (1968) found 
an originally acid raw humus substantially · 
mobilization of mineral N. 

Although many studies have been reponed on the 
of N immobilization, only a few have studied its. 
and importance under field conditions (Westlem~P~ 
1972). In a recent N balance field study we 
considerable applied N was immobilized during 
ing season (Kissel et al., 1976). The purpose of the 
study was to measure the rate of immobilization of 
N03- -N during the growing season. A relatively 
of N was applied to insure that sufficient N0:1--N 
able for immobilization throughout the cropping · 
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