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INHIBITION OF UREASE ACTIVITY IN SOILS

J. M. BReM1 ___ and L. A. DouGLAs
Department of Agronomy, Iowa State University, Ames, Iowa

Summary—Studies to evaluate more than 100 compounds as inhibitors of urease activity in
soils showed that dihydric phenols and quinones were the most effective organic compounds
tested and that silver and mercury salts were the most effective inorganic compounds. When
the most potent inhibitors were compared using 50 pg of inhibitor per g of soil, their effective-
ness decreased in the order: catechol > phenylmercuric acetate > hydroquinone > p-benzo-
quinone and 2,5-dichloro-p-benzoquinone > 2,6-dichloro-p-benzoquinone > silver sulfate >
1,2-naphthoquinone > henol > mercuric chloride > sodium p<chloromercuribenzoate and
4-chlorophenol > 2,5-¢..«ethyl-p-benzoquinone > N-ethylmaleimide > gold chloride > aceto-
hydroxamic acid and ¢ »er sulfate. The inhibitory effects of most of these compounds on soil
urease activity decreascu markedly with time, but the effect of 2,5-dimethyl-p-benzoquinone
increased, presumably because this compound is decomposed in soils to a relatively stable
product more effective than the parent compound as a soil urease inhibitor. The findings con-
cerning the rates of inactivation of urease inhibitors in soils indicate that, of the various com~
pounds tested, 2,5-dimethyl-p-benzoquinone, 2,5-dichloro-p-benzoquinone, and 2,6-dichloro-
Pp-benzoquinone are likely to prove the most effective for retardation of urea decomposition in
soils and reduction of the problems caused by the normally rapid hydrolysis of fertilizer urea by
soil urease. N-Serve and other compounds used to inhibit nitrification in soils have very little, if
any, effect on soil urease activity.

7N INTRODUCTION

UREA is unique among commonly used synthetic nitrogen fertilizers in that its efficiency
is greatly affected by a soil enzyme. In most soils, urea is rapidly hydrolyzed to ammonium
carbonate through soil urease activity [NH,CONH, -+ 2H,0 - (NH,),CO;], and the
resulting accumulation of ammonium and rise in pH can lead to several problems, includ-
ing damage to germinat ; seedlings and young plants, nitrite toxicity, and gaseous loss of
urea N as ammonia (see Gasser, 1964).

Cooke (1969) has drawn attention to the growing importance of urea as a fertilizer in
world agriculture and to the need for research to overcome the problems encountered in
use of this fertilizer. Attempts have been made to find compounds that will reduce these
problems by effectively hibiting urease activity in soils (Volk, 1961; Hyson, 1963; Moe,
1967; Tomlinson, 1967; Waid and Pugh, 1967; Anderson, 1969; Pugh and Waid, 1969a,
1969b; Sor, 1969), but they have been limited by the lack of a satisfactory method of evaluat-
ing such compounds. In most studies, evaluation has been performed by determining the
effect of the test comp« nd on ammonia evolution from soils treated with urea. Besides
having defects pointed out by Pugh and Waid (1969b), this ammonia-volatilization test is
too time-consuming for evaluation of a large number of compounds. This difficulty in
research to find compounds having potential value as soil urease inhibitors has been over-
come by the recent development of a rapid method of studying the abilities of different
compounds to inhibit  ase activity in soils (Douglas and Bremner, 1971). This method
involves determination  the effect of the test compound on the amount of urea hydrolyzed
by incubation of soils with urea (1000 ppm of urea N) and toluene at 37°C for 5 hr, and it is
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TABLE 5. EFFECTS OF QUINONES AND SUBSTITUTED QUINONES ON SOIL UREASE

ACTIVITY
Compound* % Inhibition of urease activity by compound
Soil 1 Soil 2 Soil 3

p-Benzoquinone 68 61 58
2,5-Dichloro-p-benzoquinone 68 62 56
2,5-Dimethyl-p-benzoquinone 35 33 29
2,5-Dihydroxy-p-benzoquinone 7 6 6
2,6-Dichloro-p-benzoquinone 63 60 52
1,2-Naphthoquinone 48 42 42

* Rate of addition of each compound was equivalent to 50 ppm of soil.

inhibition values obtain¢ with N-ethylmaleimide were 28 % (soil 1), 24 % (soil 2), and 239,
(soil 3). Three of the compounds tested (N-ethylmaleimide, iodoacetic acid, and iodoaceta-
mide) inhibit some enzymes containing sulfhydryl groups (Webb, 1966). Urease contains
sulfhydryl groups and is inactivated by several reagents that react with such groups (see
Varner, 1960).

Studies with most effective inhibitors

Table 6 shows the averages of the results obtained with soils 1-3 when the most effective
of the various organic and inorganic inhibitors studied were compared using 50 pg of inhi-
bitor per gram of soil. T :data show that, when compared at the 50 ppm level, the effective-
ness of these inhibitors « >reased in the order: catechol > phenylmercuric acetate > hydro-
quinone > p-benzoquinone and 2,5-dichloro-p-benzoquinone > 2,6-dichloro-p-benzo-
quinone > silver sulfate > 1,2-naphthoquinone > phenol > mercuric chloride > sodium
p-chloromercuribenzoate and 4-chlorophenol > 2,5-dimethyl-p-benzoquinone > N-ethyl-
maleimide > gold chloride > acetohydroxamic acid and copper sulfate.

The finding that the inhibitory effects of 50 ppm of silver sulfate, mercuric chloride, gold
chloride, or copper suli e on soil urease activity were less than those of 50 ppm of catechol,
hydroquinone, or p-benzoquinone (Table 6) is noteworthy, because preliminary work to
evaluate inorganic and organic compounds as urease inhibitors in the absence of soil
showed that small amounts of Ag, Hg, Au, or Cu salts had a greater inhibitory effect on
urea hydrolysis by jackbean urease than did the same amounts of catechol, hydroquinone,
or p-benzoquinone. For example, we found that treatment of a urea solution with 10 ppm
(solution basis) of silver sulfate or mercuric chloride gave almost complete (>99 per cent)
inhibition of urea hydrolysis by jackbean urease, whereas 10 ppm of catechol, hydroquin-
one, or p-benzoquinone gave less than 70 per cent inhibition. The ability of soils to deactivate
smal]l amounts of urease inhibitors is evidently greater for inorganic inhibitors such as Ag
and Hg salts than for organic inhibitors such as catechol, hydroquinone, and p-benzo-
quinone.

A study of the effects of different amounts of various inhibitors on the urease activity of
Webster soil (no. 3) owed that none of the inhibitors studied gave complete inhibition
of urease activity even when the rate of inhibitor addition was equivalent to 300 ppm of
soil (Table 7). The percentage increase in inhibition effect when the level of inhibitor was
increased from 50 to 300 ppm was greatest with the compound having the smallest effect
at the 50 ppm level (acetohydroxamic acid).
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TABLE 8. EFFECT ON SOIL UREASE ACTIVITY OF INCUBATING SOILS WITH UREASE INHIBITORS AT
30°C FOR VARIOUS TIMES*

Inhibitor Soil Time of incubation of soil with inhibitor (days)
No. 0 3 7 14

% Inhibition of soil urease activity

Catechol 1 77 - 46 —_
2 71 — 44 —_
3 73 54 39 30
Hydroquinone 1 69 — 31 —
2 63 — 25 —
3 60 42 14 12
p-Benzoquinone 1 68 -— 30 —_
2 61 — 32 —
3 58 38 23 18
Phenylmercuric 1 71 — 49 —
acetate 2 65 — 46 —
3 64 51 39 9
1,2-Naphthoquinone 1 43 28 —_
2 42 — 26 —
3 42 28 16 8
Mercuric chloride 1 39 — 38 —
2 37 — 36 —
3 35 34 33 32
4-Chlorophenol 3 30 21 10 3
Phenol 1 43 —_ 18 —
2 41 — 16 —
3 41 28 16 8
Sodium p-chloro- 1 38 — 23 —
mercuribenzoate 2 36 — 21 —
3 32 27 14 6
2,5-Dimethyl-p- 1 35 — 73 76
benzoquinone 2 33 — 72 —
3 29 66 71 74
2,5-Dichloro-p- 1 68 — 56 —
benzoquinone 2 62 — 53 —
3 56 — 49 —
2,6-Dichloro-p- 1 63 — 56 —
benzoquinone 2 60 —_ 51 —
3 52 — 47 —
N-Ethylmaleimide 1 28 — 23 —
2 24 — 22 —
3 23 21 19 8
Acetohydroxamic 1 16 —_ 0 -
acid 2 14 — 1 _
3 13 5 0 0
Copper sulfate ] 14 — 12 —_
2 14 — 12
3 13 — 10 —

* 10-g samples of soil treated with water or with water containing 500 pg of inhibitor were
incubated at 30°C  stoppered 8-oz French square bottles for time specified (amount of
water added was equivalent to 50 %; of water-holding capacity of sample). Samples were then
treated with 1 ml of toluene, 5 ml of a solution containing 10 mg of N as urea, and enough
water to bring tot volume of water to 10 ml, and were incubated at 37°C for 5 hr and
subsequently analyzed for urea.
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