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Summary--The effects of incubation at 20 . 30' and 40 C and urea concentrations of 0. 50, IX)and 
200 jig N/g soil on urea hydrolysis and nitrificatior were investigated in three Nigerian soils. At constant 
temperature urea hydrolysis and rate of NOj accumulation increased with ihcreasing rate of urea 
addition. Urea was rapidly hydrolyzed within I week of incubation. Nitrilication in Apontl soil in
creased with increasing incubation temperature. Nitrilication was slow in acid Nkpologti soil (pHl 
4'7). Texture, cation exchange capacity and C: N ratios of the soils %%ere not related to urea hydrolysis 
or nitrification. Nitrite accumulation in these soils was insignificant. Soil pFHwas decreased by nitrilica
tion of hydrolyzed urea-N. 

INTRODL'UION series soil were placed in 500rl bottles. Urea solu-

Ammonium sulfate is a widely used fertilizer for crop tions (2 mlibottle) were added to batches of 32 bottles 
production in West Africa. It has an acidifying effectto give 50. lIX) and 2(XW jg N/g soil (low, iedium 
on the soil, which may, with continuous use or if and high rates). Six bottles received only distilled 
applied at high rates, have undesirable elfects on water. To study the effecti of rate of urea and soil 
crops (Bache and Heathcote, 1969). Because acid soils series on urea hydrolysis and nitrification. samples 
already occur in the region practices that lead to in- (100g) of air-dry Ngala and Nkpologu series soils 
creased acidification should be minimized. were placed in 500nml bottles. To sets of 5 bottles 

Urea, with its less acidifying properties and higher for each soil was then added 2 nl distilled water or 
N content, is a preferred N source under thse condi- urea solutions to give 0, 50, 100 or 2(X)ig N~g of 
tions. Field data by Enyi (1965) and from the Interna- soil. The soil and urea solutions wyere thoroughly 
tional Institute of Tropical Agriculture (1973) indicaite mixed, distilled water added to each boitle to bring 
that urea is as effective as ammonium sulfate in in- the soil to 60',, of its water holding capacity, and 
creasing maize yields. mixed again. The bottles were capped loosely. Ten 

The rate of urea hydrolysis in soil is dependent bottles of Apomu soil of each N rate were incubated 
on rate of urea application (Overrcin and Moe, 1967). at 20, 30 and 40 + 0.5 C. All other bottles were incu
temperature (Fisher and Parks. 1958) and soil bio- bated at 30 C. Tl:. relative humidity in the incubators 
chemical status (Chin and Kroontje. 1963). Microbes was maintained between 70 and 80",. Bottles %%were 
and plnts compete for NH.' formed by Urea hydroly- weighed weekly and weight losses compensated for 
sis. The extent and rate of microbial transformation by additions of distilled water. 
of NH. to N0- and NO depends upon this compe- Initially and after I. 2,3. 4 and 5 weeks, one bottle 
tition and on soil type. pH, moisture, temperatture. of untreated and duplicate bottles of treated Aponm 
and the initial population of nitrifiers (Alexander, soil were removed from the incubators. Duplicate 
1965; Sabey. Frederick and Bartholomew, 1959). bottles of Ngala and Nkpologu soils were removed 

Little is known about transformation of urea in initially and after I, 2, 3 and 4 weeks. The soil in 
tropical soils. Because of the increasing use of utrea each bottle was thoroughly mixed. Three 10-g (air-dry 
as an N fertilizer in many parts of the tropics. it is basis) sub-samples were taken from each bottle to 
desirable to understand the factors that may affect determine pH,extractable NH.: + N0- and extract
its hydrolysis and nitrilication of the hydrolysis prod- able NO3. Soil pH was measuted with the glass clec
uct. Such an understanding will permit more effivient trode using a 1:1 soil: water paste; NH' + NO; was 
use of fertilizer urea. extracted with 20N KCI, and NO was extracted 

We report work on the effect of soil type, incuba- with water (Bremner, 1965). NH.: was detcrmined by 
tion temperature, ard rate of urea addition on urea nesslerization (Wilson and Knight, 1952). NO; by 
hydrolysis and subsequent nitrification of the product diazotization (Montgomery and Dymock, 1961) and 
in three Nigerian soils. Table I. Properties of soils uLied 

Alochnical analsis 
MATERIALS AND METHODS Soil 0a itU Orqanic Total C:C 

se ies () l 1 pit C M) (nq /lO01(I I 

Tie soils used (Table I) were surface (-15cm) 
samples. p 87 8 6.2 0.78 0.00 2.98 

To study the effects of rate of urea and incubation Jal 18 18 6- 6.5 0.06 0.06 38.84 

temperature ol urea hydrolysis and nitrification. Apoloq'u 78 17 5 .7 0.84 0.06 2.65 

samples (100 g) ofair-dry and sieved (< 2 mi) Apomu 
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NO by tile phenol-disulfonic acid method (Breniner, 
1965). 

Rates of NO.S accumulation were calculated from 
NO; curves as the maximum slopes of the linear por-
tions of the maximum rate phase (Sabey et al., 1959) 
and expressed as jig NO--N/g of soil/week. 

RUSULTS 


In the experiment on the effect of rate of urea and 
incubation temperature, hydrolysis of urea in the 
Apomu soil, as indicated by NH.4 accumulation, was 
rapid and increased with urea addition. Accumulation 
of NH. was maximum within I week of amendment 
(Fig. I). Urea conversion to NH4', as a percentage 
of urea added at the low, medium and high rates 
were respectively 58, 50 and 54',,' at 20'C, 22, 30 and 
39", at 30 C. and 24, 36 and 50% at 40'C. 

NO.1 accumulation at 20'C was constant at the 
three rates of ura applied but at 30' and 40'C nitrifi-
cation increased with increasing amounts of added 
urea. Small amounts of NO- were found in soils 
receiving medium iand high rotes of urea and incu-
bated at 20 C and soil receiving the high rate of urea 
and incubated ait 30 C. 

Soil pH increased initially when soils heavily ferti-
lized with urea were incubated (Table 2). The pH rise 
was temporary. It reached a maximum I week after 
incubation and eventually fell below the initial value, 
regardless of urea concentration and incubation tern-
perature. 

In the experiment on the effect of rate of urea and 
soil series, NI-t.' accumulation in Ngala soil increased 
as 'added urea was increased. Maximum values were 
observed after I week (Fig. 2). NH4 recovered was 
12, 40 and 62',, on the basis of added urea for low, 
medium and high rates, respectively. Significant quan-
tities of 114' remained in urea-amended soil after 
4 weeks of incubation, 

Addition of urea to the Nkpologu soil led to ac-
cumulations of large amounts of NH,: (Fig, 2). Within 

20"C 
40[ 50 MugN/g of Soil 50 ,g 

0A 

20'C 

I week almost all of the added N was in the form 
of NH4.. No N02- accumulated and little NO was 
observed in this soil. 

The pH changes observed when urea was added 
'to Ngala and Nkpologu soils are shown in Table 2. 
Although the pH was not measured immediately after 
urea addition, it is suggested that Nl-1' production 

accounted for the differences in initial pH values in 
the Nkpologu soil. We have no explanation for the 
initial decrease in the pH of the treated Ngala soil. 
In the Ngala soil, nitrification led to decreases in soil 
pH. Amount- of urea added had little effect on the 
pH. There was only a slight change in pH in the 
Nkpologu soil. 

DISCUSSION 
Court et al. (1964a) suggest that if urea of low 

biuret content is applied to certain soils, free NH 3 
or NO2 are likely to be phytotoxic, especially at p1H 
values above 7.This investigation suggests that only 
NH' accumulates to concentrations that are likely 
to be phytotoxic in these soils because cssentially no 
NO; was found. Results from glasshouse work with 
an acid sand showed that NH' could be toxic to 
maize in the later stages of growth (Court et a!., 
1964b). Phytotoxicity by NH.' will most likely be 
observed in the Nkpologu soil, particularly if urea 
is added close to seedlings. It would result in a loca
lized pH increase and formation of free NH 3. How
ever, at high rates of urea addition NH1 can also 
accumulate to toxic amounts in the other two soils. 

Soil acidity appeared more closely related to NH ' 
accumulation than was clay content because the 
highly acid Nkpologu soil accumulated more NH.4 
than the clay textured Ngala soil. This does not agree 
with the results of Court el al. (1963). In our work, 
NH4' accumulation was not related to cation 
exchange capacity, soil texture or C:N ratio. 

Volatilization of NH 3 could be sigaificant at high 
temperatures. Therefore, in assessing the eficacy of 

30C 0 t 
N/g of soil 50 mg NIg of soil 

30C 40'C
100Mig N/g of soil 100Mig N/g of soft 100,ug N/g of soil 

w40

010 

0 201C 30'C 40'C 
S120 200 ug Ntg of soil 200 ug NIg of soil 200 Mg NIg of soil 

Z 

40 080


0 1 3 414 5 0 1 2 3 4. 5 
Weeks
 

Fig. I. Formation of NH4 (0), N0; (U), and N0 (A)in Apomu soil incubated at 20', 30', or 
40C with 50, 100 and 2001ig urea.N/g of soil. 
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Table 2. Effects of incubation temperature and urea con-
centration on pl of Apomu. Ngala and Nkpologu soils 

Soil 

series 


Apomu 


rgala 


incubation Urea added pilof soil at incubation time 
tempera- (.9 N/9 of (weeks) specified
ture(C) soil) T 1 11  ' 

P
 

20 50 6.2 6.6 5.7 5.8 5.3 5.3 


100 6.1 7.4 6.0 5.9 5.5 5.2 


200 6.2 8.5 6.e 6.2 5.0 5.6 


50 6.1 5.9 5.4 5.4 5.3 5.4
30 


100 6.1 6.1 5.6 5.2 4.8 4.0 


200 6.1 7.3 5.8 5.4 4.9 4.7 

40 5d 6.2 5.7 5.3 5.3 5.1 5.2 

100 6.1 6.0 5.7 5.1 4.8 4.8 

200 6.1 0.0 6.0 5.2 4.9 4.8 

30 50 6.4 6.9 6.4 ND- 6.7 ND 

100 1.3 7.0 6.. ND 6.5 JD 

200 6.3 7.2 6.3 11D 6.2 ND 

kpoloq. 30 50 4,7 5.2 5.0 No 4.6 11D 

100 4.8 5.7 5.4 ND 5.1 D 

200o 5.0 6.6 6.1 :, 1.6 : 

-tint d,-trr,,tne. 

urea fertilizers temperatures selected for study must 
reflect the high soil temperatures that can occur in 
the region. Thus incubation temperatures of 20', 30 
and 40C were examined in contrast to studies in tern-
perate regions where maximum temperatures fre-
quently used are between 28 and 30 C (Fisher and 
Parks, 1958: Overrein and Moe, 1967). Although the 
temperatures used in this investigation were highcr 
than those used by others, the results agree with 
observations made by Fisher and Parks (1958), and 
Overrein and Moe 1967) that at constant tempera-
ture the rate of urea hydrolysis is directly propor-
tional to the amunt of urea in the soil. Because 
soil is not a sterile medium, immobilization, volatili 

zation and nitrification may proceed simultaneously 
during urea hydrolysis. For this reason tie amount 
of NH4"-N found at any time is the net outcome of 
these reactions. Itwas also observed that if the con
centration of urea remained constant an increase in 
temperature did not necessarily result in increased 
NH4' accumulation. This may result from NH 3 vola-
tiliZation and nitrification. 

ihe effects of temperature on the rate of N03 ac-
cumulation (Table 3) were not consistent, probably 
because the 40 C temperature exceede the optimum 
temperature of 30-35C for nitrification (Alexander, 
1965). Amounts of urea added significantly affected 
the rate of NO accumulation at 30 C. As amount
of urea increased the rate of NO3 accumulation alsoincreased. Addition of high amounts of urea to the 

sandy Apomu soil is likely to lead to considerable 

leaching of N03 during the rainy season. 
Delay rate constants, which are a measure of the 

lag period in N03 production and, among other 
things, indicate the level of tile initial population of 
nitrifiers ina soil (Sabey et al., 1959) were calculated 
as I-2 weeks for the Apomu soil and 2-3 weeks for 
the Nkpologu soil. both incubated at 30C. Ngala 
soil incubated at 30 C or Apomu soil incubated at 
20' or 40'C either showed no measurable lag periods 

Table 3. Effects of incubation temperature and urea con
centration on the maximum rate of NO3 accumulation 

in three soils 

;lol 
series 

Incubation 
tempera-
tureC) 

Apomu 

,igala 

tikpoloqu 

20 

30 

40 

30 

30 

N0j-N found at urea-N treatment
 
-- iL4 o -soil) specified

O
100
 

.q NOj-N/q of soil/4eek'
 

10.0 9.0 4.0 

12.0 14.0 25.0 

12.0 14.0 14.0 

3.0 6.0 16.0 

0.0 0.0 6.0 

$Calculated from N1O-N data in Figs. 1 and 2 frim the 
Plaximum slope of the linear portion of the maxlnu rate 
phase (Sabey et al., 1959). 

or accumulated no NO 3 . Lag periods of from less 
than I day to more than 32 weeks were reported for 
soils that differed in initial numbers of nitriliers, if
the incubation temperature was decreased from 25 
to OC (Sabey et (l., 1959). High soil acidity also in
creases the lag period ()ancer et fil., 1973). 

Slow nitrification in the Nkpologu soil may be due 
to three factors: (a)toxicity of NI-13 to Nirrosomnonas 
(Alexander, 1965): (b) inhibition of nitriflication by 
extreme acidity (Alexander. 1965: Dancer etci., 1973) 
or soil factors related to low pH or (c) absence of 
nitritiers (Ishaque and Cornfield. 1974). Ayanaba and 
Omayuli (1975) report that Nkpologu sandy loam 
and Nkpologu sandy clay loam soils contain few 
nitrifiers. Thus, any one or combination of these three 
factors may have led to the slow nitrilication in 

Nga
 

40- °g Ntg ofSl Nkpologu
80


50- g Nog of soil 

o1
 
Nga ila
 

y 100mg N/g of soit 
80- Nhc~ou 

10Do gNIg ot 

40 

1 " 

200 Ngala 
Ag NIg ofsoil200 .

E Nkpou 
200og NIgl of sod 
2 o 

1m0
 

80 

40
 

o 1 2 3 4 0 1 2 3 4 
Weeks
 

Fig. 2. Formation of NHg (0). N02 (I), and NO (A) 
in Ngala and Nkpologu soils incubated at 30 C with 50. 

100 and 200pg urea-N/g of soil. 
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Nkpologu soil. We think the third factor is the most 
significant, 

The addition of high rates of urea close to seedlingsgrowing inacid tropical soils may cause NH2 toxicityto the seedlings. in soils in which nitrification of NHpoctheeedlngs ,n preile re pchyiticiy oul
proceeds at an appreciable rate phytotoxicity would
not be a problem. The results of this work suggest
that slow nitrification could be a widespread problem, 
There is a need for more extensive investigations to
help optimize the use of urea in acid tropical soils. 
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