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Effects of Trace Elements on Phosphatase Activity in Soils!

N. G. JuMa AND M. A. TABATABAY

ABSTRACT

evalaaie the effects on the activity of ackd and alkaline
pes of 20 trace elements showed that all trace elements ip-
ol fhe ictivity of phosphatases in sofls. Results showed that the rels-
ine elfiociiveness of the trace elements in inhibition of phosphatase ac-
sty depends on the soll. When the trace elements were compared by
28 mwsle/y soli, the average inhibition of acid phosphatase in
jalif howed that Bg(D), As (V), W(VE}, and Mo(VI) were the
Fawerage inhibition >50%) and that Ba(ll), Co(Xl), and
 Jeast effective (averape inhibition <10%) inhibitors.
st inkibited acid phosphatese activity in salls were:

1 inhfbitors of alkalime phosphatase activity in sofls
L, Ca(l), V(IV}, apd As(V). Al the trace elements that in-

" soll. In addition tc the effect of trace clements,
e Tox inhibited acid and alkaline phosphatase activities in

¢ fndex Words: acid phosphatese, alkaline phosphatese,
i, sali enzymes, sol! poliution, orthiophosphate.

a5 onz of the major environmental problems as-

[, Mn, Hg. Mo, Ni, Se, Ag, Sn, V, and Zn and
wpounds have been summarized recently by Page
, several of these elements are added to soils as
&8 impurities in fertilizers, or as components of
'and industrial wastes (1,2,9). In addition, some
clkements (e.g.. Pb, V) are present in fuel oils and
emiticd into the aimosphere upon burning and de-
W&d on soils, especially near urban areas (9,18).

h dealing with the chemistry of trace elements in
%alls and the toxicity of the various elements 1o biological
¥~ms, inciuding accumulation in plants, is extensive
‘--?’3,9}, but little 1s known about the relative effects of trace
“Emeats on the biochemical processes in soils. Additon of
RG% clements to soils may affect microbial proliferation
X emrymatic activities, possibly leading to a decrease in
 of the biochemical processes in the soil environ-
Phosphatases in soils and plant roots are largelv
iible for mineralization of orgamic P in soils (4). It
shown that several of these elements (e.g., Cu,
0, W) inhibit potato (Solanum tuberosum) acid phos-
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g e glement is used here to refer 10 elements that are, when
38 saficioat conccatrations, toxic to-diving systems.

i with some industries. Use of As, Ba, B, Cd, Co.

2 amions suck as NO,~, NO,~, CI, and SO~ were not
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phatase activity (11) and that Mo inhibits acid phosphatase
activity of tobacco ieaves (Nicotiana 1abacum L..) (13) and
tomato roots (Lvcopersicon esculentum) (15). Recently,
Tyler (17) found e significant negative regression coeffi-
cient (—0.81***} berween acid phosphatase activity and the
sum of Cu ané Zn concentrations in spruce (Picea abies L.)
needle mor contferous 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 in mor soils. Review of the litera-
ture revealed little information on the relative effectiveness
of trace elements in inhibition of activity of soil acid and
alkaline phosphatases. Therefore, this study was conducted
to evatuate 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 1) were surface (0 to 15-cm) samples
selected to obtain 2 range in pH, texture, organic matter content,
and phosphatase activity. Before use. each sample was air dried
and crushed to pass & 2-mm screer. In the analyses reported in
Table i, pH was determined by a giass electrode (soil/water ratio,
1:2.5), organic C by the method of Mebius (10), particle-size dis-
tribution by the pipette analysis of Kilmer and Alexander (7), and
phosphatase activity by the method of Tabatabai and Bremner
(16).

The trace elements used were Fisher certified reagent-grade
chemieals. Of these. Ag(l). Cu(Il), CAII), Zn(Il}, Fe(l), Co(I),
and V({IV) were added as the sulfate; Cu(ij, Hg(l), SndD),
Mn{ID, Ni{(Il}, Ba(1l;, Fe(Illj. Cr(I1I). and Al(I1l) as the chloride;
Pb{ll) as the acetate or nitrate: and As{III). BAIL}, Se(I1V), As(V),
Mo{VI), and W(VI) as NaAsO,, Na,BO,, H,5¢0,, Na,HAsO,,
B.,Mo0,, and Na,WO,, respectively.

In testing the effects of trace elements on activity of phospha-
tases, 1 g of soil in & 50-m! Exrlenmeyer flask was treated with 1 ml
of solution containing either 2.5 or 25 umole of trace element.
This solution was added dropwise to moisten the whole soil sam-
pie. Afier « 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
by phosphatase activity when soil 1s incubated with 3 ml of univer-
sal buffer. 1 m! of S mM buffered sodium p-nitrophenyl phosphate
sofution, and 0.25-m] toluene at 37°C for ! hour. Universal buffer
of pH 6.5 was used for assay of acid phosphatase activity and of
pH 11 was used for assay of alkaline phosphatase activity as
described by Eivazi and Tabatabai (5). The results of the phospha-
tase activity from trace element-treated soils were compared with
those obtained with | g of soil treated with 1 m} of water. Percent-
ape inhibition of phosphatase activity by each trace element was
calculatec from (4 — B/A)100, where A is phosphatase activity of

Table 1 —Properties of solls used.
Phosphatase activityt
Soit pH OrganicC Clay Silt  Sand Acid  Alkaline
%
Harpe 7.8 3.74 30 4“ 26 18 230
Okoboji 7.4 545 34 80 16 159 235
Webster 5.8 258 23 3% 38 210 20

1 p-Nitrophenal reioased per g sofl fbour.
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Fig. 1—Effect of pH of bufler on reiease of p-aitrophenol in assay of
phosphatase activities in soils.

untreated soil and B is phosphatase activity of trace element-
treated soil. All results reported are averages of duplicate analyses.

RESULTS AND DISCUSSION

Most soils show the greatest phosphatase activity near
neutral pH and usually different optimum pH values are ob-
tained by different buffer systems. The distinction between
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 (o 12 and s suitable for
this type of swdy. Using this buffer system, Eivazi and

Table 2 —Effects of trace elements on acid pbosphatase

voL. 41 77

S
Tabatabai (5) recently showed that acid p ;
is predominant in acid soils and that alkaline ph

activity is predominant in alkaline soils, similar§
shown in Fig. | and Table 1.

The effects of trace elemeants on acid phospha
in soils varied considerably among sotls (Tabl
ever, Hy(T), Cd(ID, VAW, As(V), W(VD), and
were the most etfective inhibitors of the activity of
zyme :n soils. The average inhibition observed
three scils by using 25 wmole trace element/g scif,
from 43% with Cd(1I} 10 69% with W{ V). But onty
As(V), W(VD), and Mo( VT showed average im
>350%. Also, As(V) was a much stronger inhibitof Hhe
As(ilT). Ths is of importance because Asilii) is "ea&ij&_
idized to As(V) in soils under aerobic conditicns. Wity
few exceptions, reduction of the amount of trace elengs
added per g of soil by 10-fold (from 25 wmoles
pmoles) decreased the degree of inhibition of acid
tase activity bv these elements (Table 2}, Other 'ra.ge ele.
ments that inhibited acid phosphatase actuvity im s ;
Cu(D), Ag(D), Cu(1l), Zn(IT), Mn(1D), Sn(iD),
Fe(ID). Ba(ID, Co(), Cr(IIT). Fe(I, B,

tate inhibited acid phosphatases activity in the th
the same extent as lead nitrate. '
Table 3 shows the effects of trace elements
phosphatase activity in Okoboji and Harps soils. 2
20 elements studied, Ag(D Cd( ), Hg(ID, ¥

trace element/g soil, the average inhibition obsery
the two soils ranged from 47% with Hg(Il) to 3
Ag(D). But only Ag(D), Cd(ID), V(IV). and As(V)
‘average inhibition >50%. Like the acid phosphata
ity, reduction of the amount of trace clements :

Tabie 3 —Effects of trace ciementy su afkaline

activity in soils.t activity in soils.t
Trace efement Percentage inhibition of acid Trace element Percentage inhibition of aikaiine
Oxidation phosphatase activity in soil specified Oxidati phosphatase activity in il specified
Element state Harps Okoboii Webster Average Element state Harps Okoboii
Cu I 28 13 51(18) 40.7 Ag 1 33 67(28)
Ag . 38 15 49 20.7 Cu 0 32(8)
Hy n 52 53 &3(1) 56.0 Cd n 78 81427)
Cd 51 48 44(14) 47.7 Hy 53 413)
Cu 26 36 4411y 35.3 In 59 28i 1y
Zn 32 33 30(5} 31.7 Sn 25 38(4;
Mn 16 12 82(11) 300 b acetate 33 21(9)
Sn 15 21 41(12) 25.7 Pb nitrate 38 1%4)
Ni 19 21 23(11) 21.0 Ca 20 23(9)
Pb acetate 19 17 24(3) 20.0 Mn 25 18(9)
Pb oitrate 18 15 26(4) 19.7 Fe 22 20(5)
Fe i1 18 27(3) 18.7 Ni 22 12(8)
Ba 3 3 3(6) 8.3 Co 16 6(5)
Co 8 5 1¢0} 4.7 Ba 17 )
Cr i1 25 a7 '3005) 7.3 Cr 114 27 39(14)
Fe 5 26 Ty 23.7 As 35 1%9)
B 1 22 33(2) 18.7 Fe 19 32(4)
Al 8 1 34110 18.7 Al 20 25¢4;
As 1 16 3 3.7 B 14 12(11)
v v 15 55 49(30) 49.7 v v 61 60(21)
Se 39 M 24(16) 32.3 Se 30 35(15)
As 2 39 52 300330 60.3 As 2 5 37132
w Vi 45 68 34475 69.3 w Vi 29 32(5) s g
Mo 41 48 93(69 67.3 Mo 25 22(12) <5

25-umoie trace element;g of soil. Figures in parentheses indicate percentage in-
mbition of acid phosphatase activity using 2.5-umole trace slement;g of soil.

f 25-umole trace slement;g of soil. ¥igures in parentheses indicate perosniags »
hibition of alkaline phosphatase activity using 2.5-umole trace ekm&‘(“-
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fol¢ (from 25 pmoies to 2.5 umoles) generally re- Experiments with 25 gumole of NaCl or K,SQO,/g soil in-

m & decrease in inhibition of alkaline phosphatase ac- dicated that the Na*, C!~, and SO/~ associated with the
i soils. Adsa. Ast ) was more effective inhibiior of trace eiements studied did not have anv effect on the activity
e phosphaiase than was Asiill). All other trace ele- of acid and alkaline phosphatases in soils.

that inhibiteé acid phosphatase activity also inhibited Because of the similarity in the ionic structure of WQ 2,
v phosphatase activity io soils. The orders of effec- MoO 2, HAsO2. and PO, and because phosphate is

ss of the trace elements as inhibitors of acid phospha- added to soils as a fertilizer, we studied the effect of PO~
stivity were different from those as inhibitors of alka- (as KH,PO, on the activity of acid and alkaline phospha-
nosphatase activiry (Table 1 and 2). tases in the three soils used. Results indicated that 25 pumole
ial lons may mhibit enzyme reactions by complexing phosphate/g soil caused a marked inhibition of acid phos-
‘bstrate, by combining with the proiein active group of phatase activity. 32% in Okoboji soil. 35% in Webster soil,
nzymes, or by reacting with the enzyme-substrate and 62% in Harp& soil. The correspondmg, percentage inhi-

dex. The mode of inhibition is dependent on the type bition at 2.5 pmole/g soil were 5%, 6%. and 26%, respec-
astrate used. Little information is available, however, tvely. Weimberg and Orton (19) showed that, like borate,
nibition of phosphatases by various metal jons. Studies molybdate, and arsenate, phosphate jon inhibits the §.
z effect of metal ions on the action of acid phosphatase mellis (yeast) acid phosphatase activity, although higher

od from tomato leaves have shown that, with p-ni- concentrations of phosphate were required for the same
eyl pbosphate as a substrate, Cu(I), Zn(Il), and degree of inhibition as was obtained with either arsenate or
IV are strong inhibitors of this enzyme (13). The inhibi- molybdate. Inhibition of acid phosphatase activity by these
sems of 2 poncompentive nawse. Metal ions generally anions seems of a competitive nature because studies by
SFMDes 1o inactivate enzymes by reaction with suifhy- Spencer (15) have shown the competitive behavior of mo-

groups, a reaction analogous to the formation of a lybdate for the active sites of tomato acid phosphatase. Our
J sulfide(14). Sulfhydryl groups in enzymes may serve work indicated, however, that the phosphate 1on was a less
tegral parts of the catalytically active sites or as groups effective inhibitor of alkaline phosphatase than of acid
ived in maintaining the comrect structural relationship of phosphatase activity in Harps and Okoboji soils. The per-
nZyme proein. centage tnhibition of alkaline phosphatase activity was 28%
he pH values of the trace element solutions varied con-  , in Okoboji soil and 40% in Harps soil at 25 wmole phos-
rably. They ranged from 2.1 for the Sn{Il} solution to phate/g soil. The results af 2.5 wmole phosphate/g soil were
far the As(Ill) and B(ill) solunons. Because of this 2% and 6%, respectively.

ation in pH, the percentages inhibition of phosphatase Studies of phosphatase activity in the absence of buffer
vity of the Harps, Okoboji, and Webster soils by trace showed that, at 25 umole/g soil, phosphate ion led to

nents in the absence of buffer were. in most cases, inhibition values ranging from 35% in Webster soil 1o 69%
sier than those obtained for aci¢ phosphatase activity in in Harps soil. The corresponding percentage inhibition a
presence of buffer. In some instances (e.g.. B in 2.5 umole/g soil were 14% and 30%, respectively. Related
ps and Okoboji soils). results showed activation of anions such as NO,~ and NO,;~ were not inhibitory in the

phatase activity in the absence of buffer. Measurement presence or absence of buffer.
B of the trace element-treated soils indicated that the pH The inhibition of acid and alkaline phosphatase activities

det of the soil-trace element-water systems varie¢ con- by orthophosphate ion is of particular importance because
By and deviated markedly from the pH of the system these enzymes are responsible for hydrolysis of soil orgapic
of trace element, indicating that the increase P and because, besides its addition to soils as a fertilizer,

nhibmon and the activation observed in the absence of orthophosphate is the end product of P mineralization in

ez were due to changes in the pH of the incubation mix- soils. Halstead (9) found a positive relationship between the

5. However. tests showed that the acid and alkaline decrease in phosphatase activity of several Canadian soils .
sphatase activities of the soils used were not affected incubated at room temperature for ¢ months and the amount :
a the 1 g soil was treated with 1 ml of water adjusted to of organic P mineraiized over the same period. He also
2 with dilute H,SO, or 1o pH 10 with dilute NaOH solu- reporied, however, that addinon of phosphate {concentra- 5
+ and allowed to eguilibrate ar room temperature for 30 tion not specified) before incubation had no appreciable ef-
before assay of phosphatase acuvity in the presence of fect on phosphatase activity in soils. Our results clearly in- =
er. The results suggested thai the pH of the trace ele- dicate that phosphate ion inhibits both acid and alkaline ,"
¥ solutons did no! affect phosphaiase activity and the phosphatase activities in soiis. The degree of this inhibition

Brved inhibitions by the trace elements in the presence of 15 dependent on the amount of phosphate added.

f&'-f were totally due to the effect of these 1ons on acid and

a¢ phosphatase activities of soils. LITERATURE CITED
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versal buffer did not excoed +0.3 pH unit.
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ABSTRACT

Low recoveries of N fertilizer by crops oa Homston Black clay
prompted this investigation. Qur objectives were {0 determine how
much fertilizer aitrate can be hologically immeobilized under field con-
ditions when fectilization exceeds crop requirements and to determine
when immobilization occurs during the growing season. Calcium ni-
trate tagged with 9.6 atom % °N was appiied to fieid microplots at 328
kg N/ha and grain sorghum (Sorghum bicolor L.) was planted in rows
across each microplot. The various components of the N balance were
messured by sampling micropiots at different tines during the sesson.

Ouly 2.1 kg N/ha was immeobilized during the Grst 47 days after fer-
tilization and planting. The rate of nmobilization ncreased rapidly
during the aext 60 days and sa additional 50 kg N'ha was immobiized.
This acrease was appareatly i response to an increase in soil temper-
atare above 22°C.

About 91% of the fertilizer N was recovered, indicating that no more
than 9% was denitrified, in spite of ample water that was received as
rain or irrigation water during the study. A aet immobilization (an
increase im so0il organic N relative to an anfertilized plot) of 53 to 73 kg
N/ha was measured on the fertilized plot. This net immobilization
suggests that the organic N content of swelling clay soils that have his-
torically Deen subjected to exhoustive cropping may mcresse gowly
and gradeally reach a higher equilibrium level due to N fertiiizer use.

Additional Index Words: N fertilizer efficiency, N balunce, N cy-
cling, '*N.

MMOBILIZATION of inorganic N has received considerable

attention in recent years, and the principles of im-
mobilization and mineralizatica of N in soils have been
fairly well 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 source to soil (Allison
and Klein. 1962; Winsor and Poilard. 1956). Allison and
Klein (1962) found immecbilization by wheat straw was
maximum about 20 days after the start of decomposition. At
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that time the C/N ratio in the partially decom
was about 25. After the initial rapid decomposi
of mineralization of immobilized N had been #
rather slow (Broadbent and Tyler, 1962; Ba
1965). However, the rate of mineralization of

mobilized N has been from 10 to 15 umes greater
of indigenous organic N (Broadbent and Nakash

N declined with time in these studies.
Allisoa and Klein (1962) concluded that the: |
ment in the decomposition process depended on %
tion of the materials; on environmental conditions’
fect the nature of the flora and rate of decay; and ¢
of incubation.” In this regard, Hiltbold et al. (1
that two to four times more N was immobhilized
than in fallowed soils. Némmick (1968) found
an originally acid raw bumus substantially i
mobilization of mineral N.
Although many studies have been reported on the pryEss
of N immobilization, only a few have studied it pp
and importance under field conditions (Westexs
1972). In a recent N balance field study we obwes)
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
NO,; -N duning the growing season. A relatively b
of N was applied to insure that sufficient NO,~-N was
able for immobilization throughout the cropping se:
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