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1. INTRODUGTION.

Urea has & higher nitmgen content than most other nitrogen fertilizers,
In comparison the theoretical nitrogen content of urea is about 46 %

as opposed to 35 % in ammonium nitrate, 21 % in ammonium sulphate,

16 % in calcium nitrate and 15 % in Chilean nitrate. The high percen~
tage of nitrogen in urea maekes it a relatively chesper source of nit-
rogen. This is especlally the case in countrles where high cost of

transportation leads to high prices of fertilizers. Urea can ba made

into prills {an advantage over some other nitrogen fertilizers) and

can be granulated, Ursa can be handled with relative eesae and does

not require safety precautions as ammonium nitrete and calcium nitrate

and for thess reasons urea is more preferred in world commerce (Tomlin-
son, 1970),

The technical advantages in conjunction with the high nitrogen content
of uree have focused attention of wany research workers on how the

high percentage of nitrogen caen be used to advantage. In doing so att-
empts are made in verious degrees to find ways and means of improving
the efficiency of urea. These include methods of inhibilting uree decam-
sosition in s0ills ceused by repid hydrolysis of uree to ammonium
carbonate through the activity of urease {Bramner and Douglas, 1971].
The formetion of ammonium carbonate ceuses rise pf soil pH and suhse—
quent liberation of gaseous ammonia particularly when the pH is 7?7 end

above thua, leading to nitrogen losses.

Under favourable conditions the ammonium ions formed during hydrolysis
underga oxldation reactions (nitrification) to form nitrate. The form-
ation of nitrete lends nitrogen to losses by leaching and denitrifica-
tion under aneserobic conditions., However, by prolonging the life time
of emmanium, 1t is possible to eliminate the problem of leaching and
denitrification thus, increasing the efficiengy of urea in crop pro-
duction,In order to bring about this, the use of nitrification inhi~
bitors low in side effects (particularly on hydrolysis} must be sought.



In the work hereafter, the fate of uree when incubated as such, in
presence of some urease inhibitors, s nitrification inhibitar and
in presence of a urease and a nitrificetion inhibitor together was
studiad, The effects of these treatments on the germination of maize
was also examlned, In this work too, the nutritive value of ureas in

ccmparison with some other nitrogen fertilizers was examined.
This study therefore, hes the following objectives:

1)} To study the inhibitory effects of some ureass and nitrification
inhibitors on urea incubated in soils and the effects of thess

treatments on maize germination,

2) To compare the nutritive value of urea with that of some commonly
usad nitrogen Fertilizers including a comparison of nitriuogen as

ures, I\HZ and l\ll!:l'::l in a water culturs.



2. LITERATUHE REVIEW,

As pointed out in the introduction, in this chapter more emphasis
will be placed on the inhibitory effects of urease inhibitors and
nitrification inhibitors than on the fertilizer value of urea.

Urea, when added to the soil first undergoes hydrolysis. This is a
reaction in which urea is transformed into ammonium carbonate. This
reaction is of chemical nature and or acts in presence of the enzyme

urease,

(m2]2m+m20 —_— (NH4]2003
This catalytic reaction is most favourable under normal conditions

of moisture and temperature.

The repidity and extent of hydrolysis of urea in the soil depends on
the microbiological activity of the spil which in turm is related to
soil temperature and pH (@Havanandan, 1970). Related to this fact,
Anderson, 1952; Gibson, 1930; Soulide and Clark, 1358 found that
urea hydrolyses slowly in alkaline, calcareous and sandy soils conta-
ining little organic matter while, hydrolysis occurs most rapidly in

yrassland and forest soils.

Urea is hydrolysed under soil moisture contents varying from nearly
air-dry to water-logged conditions, Delaune and Patrick (1970) in
their study of urea conversion to ammonia under two moisture conditi-
ons of ocne third bar and water-logged, found no apparent difference

in urea hydrolysis under both conditions, The authors further examined
the effect of pH on urea hydrolysis under both water-logged and one
third bar moisture conditions. In their study the pH of the soils

was adjusted over a range of pH units by thoroughly mixing various
amounts of soils with either potassium hydroxide or 2N hydrochloric
acid, Urea was added to the soils and the amount hydrolysed determined,
Their finding pointed out that hydrolysis of urea occurs over a wide



range of pH with no hydrolysis below pH 4 and sbove pH 10, Hydrolysis
undar the two moisture conditions were found to be similar, with both
giving maximum conversion of urea at pH 8. Lack of urea hydrolysis
above the pH 10 wes attributed to the rapid destruction of urease above
this pH, while that below pH 4 was explained on the basls of denatura-
tion of ureass {Thomson et al, 1956}, :
Investigators have shown that urea hydrolysis is greatest in surface
scils and decreases with depth in samples incubated at field moisture
content (Gasser, 1964),

Ureese activity is destroyed by heating the soil and decreased by
adding de-activators or inhibitors. Sources of the snzymes in the

soil are: micro-organisms in which the enzymes may exist intrecellular
(the enzymes are present inside the cells of the ureolytic micro-
orgsnisms) snd crop residues as well as plant parts in which the
enzymes exist extracellular (relaased from disrupted plant end micro-
bial cells), {_loyd and Shesffe (1973) in their study of the activity
of urease in the soil noted that a good number of hacterias can hydro-
lyse ures in the soil. The authors found that about 17 - 30 % of the
total bacterial population including aerobes, micro-asrophiles and
anaarovbes could hydrolyse urea. In their experiment, one of the saoils
used recelved ursa for at least 10 years and yet the proportion of
urenlytic bacteris (24 %) was similar to that found in soils that did
not receive any urea, tloyd and Sheaffe points out that addition of
urea to soile low in available carbon did not iIncrease the total
ursase activity and size of the bacterial population or the ratic of
ureolytic ta non-ureolytic bacteria., They, however, found that on
addition of carbon {&s glucose) with ures to the soil, urease activity
end size of the bacterial population both increased, but the ratio

of ureoclytic to nan-ureolytic bacterla in the entire population rema-

ined unchanged,

The direct effect of urea hydrolysis is the temporary increese in

soil pH. An increese in pH above 7 may leed to release of ammonia
b ]
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from ammoniom carbonate with the formation of the more stable

ammonium bicarbonate [Bhavanandan and Fernando, 1970].

(NH,},00,  ~—> MHCO, + NH,
The free ammonia relsased can damege germination and growth of crnpé
(Cooke et al, 1962). The free ammonia may also volatalize resulting
in the loss of' nitrogen. Bsseous loss of urga-N as ammonia, rise in
pH and damage to germinating seedlings and young plants constitute
zome of the problems in uging urea as a faertilizer,

Ammonia volatalization can be reduced or minimized by mixing urea
with the s0il, Meyer et al found that urea must be incormorated with
the soil for maximum efficiency unless rain falls or irrigation is
given immediately after surface epplicatian. When urea is beslow the
surface of the spil, the ammonia released on hydrolysis could be
absorbed by the aoil., The ability of the soil to absorb ammonium ions
depends on the cation exchange capacity (CEGC} of the soil. Thus, losses
of nitrogen will be greater from soils with low and less from soils
with high CEC. Gasser {1964} in his study of factors affecting losses
of ammonia from urea and ammenium sulphate applied to soils, found
losses of ammonis from surface-aspplied urea to vary from 2 to 30 %

of nitrogen applied and accordingly found that losses were most from
sandy solls and less from clay soila, The amount of ammonia last also
depends on other factors: Anderson, Ermst and Massey in 1960 found
that increasing pH of the s0il, increases losses bscause more ammonie
is lost from limed than from unlimed soils., More ammonia is lost from
dried solls than from wet ones, Basser compared eammonia losses at
25°C and at 5 ~ 10°C and found that at 25°C there was increase in
losses of ammonia from urea applied to some soils and decresse in
loasas from other soils, Also the period of losses was decreased for
s0ils at 5 ~ 10°C from 30 - 70 days ta 10 — 14 days for the soils at
28°G, |

HBoth toxlcity end loss of ammonia to the air can be lassened by mixling
urea with acid salts which neutralize the ammoniea {Low and Piper, 1961).



These authors showed that germination is improved by mixing urea
with mono ammonium phosphate and superphosphate. Cooke in 1962
reported in his work that the best way of improving urea as a ferti-
lizer would be to inhibit the enzymatic transformation of urea to
ammonium carbonate long enough to sllow the fertilizer to be washed
into the soil.

The idea of Cooke about urease inhibitors was guickly picked up by
research workers who found a good number of compounds to retard more
or less the conversion of urea to ammonium by soil ureasa. Notably
amongst these compounds are certain quinones which include hydroguinone,
p-benzoquinone, 2,3-dimethyl-p-benzoquinone, 2,5-dimethyl-p-benzoguinone,
2,6~dimethyl-p-benzoquinane, 2,5-dichloro-p-benzoguinone, 2,6-dichloro-
p-benzoquinone, polyhydric phenols such as catechol, some esters like
sodium-p-chloromercuribenzoate and phenyl mercuric acetate (Bremner
and Douglas, 1973), Bremner and Douglas compared the effectiveness

of these inhibitors in addition to acetohydroxamic acid, and found

that 2,5-dimethyl-p-benzoquinane had the greatest ability to retard
urea hydrolysis in spils and reduced gaseous loss of urea-N as ammonia,
In one of their experiments with sandy soil incubated at 2000 for 14
days, they found that gaseous loss of urea-N was reduced from 61.1 %

to 0.3 % by addition of 2,5-dimethyl-p-benzoquinone (2.3 parts/100
parts of urea). The use of heavy metals as urease inhibitors has been
reported, Bhavanandan and Fernando (1970) in their work on the influ-
ence of copper on urease activity in soils, listed silver, mercury,
cadmium and lead as knaown inhibitors for urease, In their work inhib-
ition of uresse activity by copper was studied using copper sulphate
or Perenox (cuprous oxide - a fungicide containing S0 % copper) and
they found out that both forms of copper inhibited urease activity

in the soil at concentrations above 100 ppm with the Perenox causing
greater inhibition than copper sulphate at equivalent amounts, Toluene,
an organic compound is also found to inhibit urease activity. Lloyd

and Sheaffe found that toluene although an inhibitor of microbial
activityis known to partly inhibit urease and induce lysis,



Certain compounds elther individually or in combination function as
antimetabolites towards soil bacteria, fungi and actinomycates which
produce urease {Peterson and Walter, 1970). In this way the rate of
hydrolysis aof urea in the so0il is regulated neither by limiting the
solubillty of urea nor by inhibiting the actlvity of the wurease, but
by controlling the microbilal production of the esnzyme,. Pyridine~3-
sulphonic acid, oxythiamine chloride, desthiobiotin, gema-benzene
hexachloride and o-chloro-p-aminobenzoic aclid are known antimetabol~

ites and of these pyridine-3-sulphonigc acid is most preferred,

On the whole, affects of lnhibitors differ markedly for different
so0ils. Study of effects of various urease inhibitors showed that
2,5~dimethyl-p~benzoquinane (DBQ) proved most effective, while aceto-

hydroxamic acid was the least effective.

The ammonium ions formed during hydrolysie may in addition to volati-
lization be fixed in the lattics of clay minerals by the same mechanism
as operative in potascium fixation, thus leeding to low efficiency of

urea,

Under esrobic conditions, howsver, smmonium is readily oxidized into
nitrate,Thls is @ hiological process brought by chemo=-1ithe autotrophic
micro-organisms {mimeograph by A.van Diest, 1975). Ouring the processes
of nitrification ammenium is converted to nitrite by the representatives
of the genus Nitrosomonas while the genus Nitrobsacter is responsible
for the oxidetion of nitrite te nitrate. Both bacteris function most
effectively under neutral to slightly alkaline conditions [pH 6.8 — B.0)
and the limiting ecidity for the activities of thesae bacteria in tha

soil is about pH 4,0 {Weksman, 1927),

Reactions:

2 + BH* + 68 + energy

NH; + 2H,0 > NO

3/20, + it + 687 — 3,0

-+

NH,

+ 3/2 02 e NOE + o0t 4 H,0 + enargy (NLtrosomonas)



/ NG; + HO0 NDE + 2HY + 28" + energy
/3o, + 24" + 287 — H,0
NU; + %02 — NU; + energy (Nitrobacter)

It hasa been reported that the oxlidation of ND; to NU; proceeds at

a faster rate than the oxidation of NHz to NDE . Thersfore, nitrite
accumulation is rnot a common phenomenon in solls except under alkaline
conditions whare the activity of Nitrchacter is retarded by the poisg-
nous effect of h.IH‘.3 (Campbell and Lees, 1967). Since nitrite is phyto-
toxic to plants(Court et al, 1965), accumulation of nitrite in soils
tharefore leads to less sffective use of urea, Under anaernbic condi-
tions, both NO; and NU; can be reducsd or denitrified by certain _
chemical reactions (Soulides and Clark, 1958} and this leeds to losses

of geseous nitrogen,

From the reaction equations above, oxidation of NHZ into NDS is
accompanlied by the production of hydronium ions, a phenomenon which
+

increases the soil acidity, Therefore, nitrification of NHa halts
the local and temporary rise of pH caused by the transformation of
urea into emmonium carbonate. As the process of nitrification continuas,

the pH graduslly decreases,

In general therefore, oxidation of ammonium increases the susceptibi-
lity of mineral nitrogen to losses by leaching and denitrification,
It increeses the s0il acidity end produces nitrite toxicity under
certain conditions. By prolonging the persistence of fertilizer in
ammonium form, chemicel inhibition of ammonium oxidation could increase
the efficiency of a given quantity of nitrogen in crop production,

In such chemicels used a=s inhibitors, sida effects are undesirabla,
Tha use of chemicalz to 1nhibit emmonium oxidation has long been
known., Known nitrifying inhibitors include the following: 2Z-echloryo-
6(trichloromethyl) pyridine which is popularly known as N-serve,
cyanoquamidine, thiourea, 2-aming-4-chloro-6-methyl-pyridine (A.M.),



sulphur thiozele (5.T.)}, 4-amino-1,2,4-triazole (A.T.C.) and 2,4~
diamino~6-trichlorc methyl-8-triazina (&—1580]. 0f these inhlbitors,
2—chlam-—S[trichlommethyl] pyridine has been most extensively stud-
ied. It has been reported that this compound, N-serve appears to he
more or less gpecific for autotrophic ammonlium oxidizing organisms,
Shattuck and Alexander in 1963 found that N-serve affects both Nitr-
osomgnas and Nitrobacter, but the activity of the former organiam

was 1nhibited much more than that of the latter, The authors further
found that the nitrate production by several strains of the nitrify-
ing fungus Aspergillus flavus was unaffected by the concentration

of the inhibitor which effectively controlled emmanium oxidation by
Nitrosomonas and Nitrobacter, The specificity of N-serve in reducing
ammonium oxidation by Nitrosomonas and Nitrobacter as well as the
marked reduction of oxidation that occurs in presence of this inhib~
itor is one of the reasons for supponsing that these becteria erae
predominantly responsible for ammonium oxidation in soils, In addi-
tion to the above named nltrifying inhibitors other workers have
shown that many organic sulphur compounds like methionine, cystine
and others inhibit nitrification of ammonium in spils and several

of thess sulphur compounds retard the growth of Nitrosomonas europasa
{Bremnar end Bundy, 1974). Jensen and others found that the inhibiting
effects of these sulphur compounds are due to the formatlion of volat—
ile sulphur compounds by microbial decomposition of the compounds.
Bremner and Bundy [19’74) studied the effects of some volatile sulphur
compounds like methyl mercaptan, dimethyl sulphide, cerbon sulphide,
dimethyl disulphide and hydrogen disulphide on nitrificetion in the
soil and they found that the fiwve compounds tested retarded nitrifi-
cation when added to the soil treated with 2 mg of NHZ =N as ammanium
sulphate, Thew inhibitory effects decrease in the following order:
carbon disulphide)) dimethyl disulphide > methyl mercaptan > dimethyl -
sulphide> hydragen sulphide, The authors also found that the effect-
iveness of these compounds to inhibit nitrification decreese with
time (days) and explained the Finding on the bmsis that spils have
the ability to sorb volatile sulphur compounds, thersby decreasing
the inhibitory effects of these compounds on nitrification. Work on
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chraomrtography by Banwart and 8remner in 1974 showed that moist soils
hrave the cepacity of sorbing volatile compounds used and the ability
of moist spils to do so decreases in the following order: H2S7GHSBH

CH,SCH, > CH,SCHy > C8,. Bremner and Bundy compared the effacti-
veness of these sulphur compounds as nitrifying inhibitors with the
patented nitrifying inhibitors (N-serve, AM & 8T) and found that 032
was more effective than N-serve, AM and 3T in inhiblting nitrification.
The effect was aven very marked when applied as little as 2 parts

per 106 parts of soil,

Effects of nitrifying inhibitors on urea nitrogen transformation in
soils have bsen studied. Bundy and Bremner (1974) in their studies
with N~-serve, A,.T.C. and CL-1580 found that these compounds have
little if any affect on urea hydrolysis but they retarded nitrifica-
tion of ammonium and increased gesecus loss of urea-N as ammonia,
They found that MNe-serve had no effect on urea hydrolysis when applied
at the rate of 10/«;/9 of so0il but that A.T.C. and OL-1580 of the
same amount slightly reduced the amount of urea hydrolysed. In 1973,
the same authors investigated the effects of some urease inhibltors
on nitrification and compared with those of N-serve, AM and ST which
ara known inhibitors for nitrification. Most of the urease inhibitors
studied had little effects on nitrification in ammonium treated soils
when applied at the rate of 10 4g/g of sail, but had a marked inhib-
itory effect when applied at the rate of SQ/Ag/g of =o0il. Howevsr,
nones of the urease inhibitors tested inhiblted nitrification as
effectively as N-serve. Phenyl mercuric scetats has more sffesctive
inhibltory action on nitrification than AM and $§T and gremtly inhib-
ited nitrification when applied at the rate aof Sgﬁtg/g of soll.

Various authors have discugsed the suitability of urea as a fertili-
zar, Prominent emongst these authors is J,K.R,Gasser (1964),.Also
the fertilizer valus of urea particularly in troplcel regions has
been published in the Annotated Biblilographiss nos. 1589 and 1570
of the Commonwealth Bureau of Scils. Therefore, for general informe-

tion about urea as & fertilizer see Gasser (Uree as a fartilizer:
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Soils and Fertilizers, vol XXVII 175 - 180 (1964) } and Annotated
Bibliography of the Commonwealth Bureau of Solls nos. 1589 and 1570.
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3. EXPERINENTS,

A total of four sxperimentas were conducted for this report. Two of
the chapters 3,1 - 3,4 were directed to the study of effacts of
urgese end nitrification inhibitors end the subseguent effects of
these traatments on germination of meize, while the last two were
to esseas the value of urea as a plant nutrient (chaptar 3.5] or
fertilizer (chapter 3.6] and comparae urea with some other nltrogen

sources or fertilizers, Co

3.1 Effects of N-serve, DBR and CuSD, on Urea Incubated at Room

Temperature (20°C). "Low Level of Urea“.

N—serve is believed to inhibit the activities of nitrifying becteria,
thus preserving the nitrogen in ammonium form, 08Q@ and CuSl]4 retard
the activities of urseasa, thus controlling the rate at which urea is
hydrﬁlysed to ammonium carbonate which may lead to ammonia volatalize-
tion. This experiment 1is designed to see the effects of these inhibi-
tors on urea hydrolysis and nitrificatlon fallowing this hydrolysis

of low levels of urea-N,

3.1, 1 Materials and methods,

|
Two batches of Eng-soll were used, Une batch of pH KCl 3,66 and tha
other of pH 4,64, Eng-soil is a Dutch sandy soil {12 % <16 4 and
soms pabblea] with 2,7 % organic matter. The soll has a high content
of available phosphate due to manuring in earlier times with sheep
manure. The nltrogen, potassium, magnesium and micro-nutrient status
of the soil is low. Befors using, the soil samples were air-dried.
For the incubation trials a low lavel of 100 mg N/kg of soil (3,1)
was used., The samples were lncubated at room temperature (EGOC].

For analysis of urea, nltrate, ammonium and pH wet scil samples were
taken {see 3.1.2)

T
i
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3.1.2 Sample preperations and treatments,

The following treatments were used for the trial with low level of

urea,

(a) BLANK: Blanks were prepared by mixing 2.6 kg of each soil sample
(low and high pH) with 260 ml of distilled water to bring the moisture
content to 60 % of the water holding capacity. From each mixture, 120 g
portions were weighed out into small experimental pots and incubated
at room temperature (2 20“3). Moisture conditions were maintained by
weighing and adding water from time to time. Wet samples from one

pot of each pH level were taken immediately (zero day of treatment)
and analysed for N0, (NH,),CO, m; and pH according to methods given
below., The rest of the pots bearing soil samples, excepting 10 of each
PH level in which maize seeds were sown (see treatment with maize in
3.4), were incubated at the room temperature as above. After 3, 7,

1, 17, 23, 31.and 37 days samples (two pots at a time) were analysed

= +
for NO,, (mz)zco, NH

a and pH,

(b) SOIL + UREA: In addition to 2.6 kg of the dry soil, 560 mg of urea
dissolved in 360 ml of water was added and thoroughly mixed. The weigh-
ing of 120 g portions, incubation and analysis of the samples were

exactly the same as described under (a).

(c) SOIL + UREA + N-SERVE: Preperation as in (b) plus 5.0 ml of N-serve
per 2.6 kg of dry soil. (N-SERVE 24 €, diluted 1:100).

(d) SOIL + UREA + DBQ: As in (b) plus 30 mg of 2,5-dimethyl-p-benzo—
quinone (DBQ] per 2.6 kg of dry soil.

(e) SOIL + UREA + CuS0,: As in (b) plus 50 ml of a CuS0, solution
(Drepared by dissolving 3,250 g CuSlJ4 in 250 ml uatar) per 2.6 kg of
dry soil,

(f) som + UREA + CuS0, + N-SERVE: As in (b) plus additional 5,0 ml
N-serve and 50 ml of GuSO4 solution per 2.6 kg dry soil.
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3.2 Effects of N-serve (Single and Double Dose) and DB@

on Urea Incubated at Aogom Temperature (EDOC). "High Level

of Urea*,

Only the inhibitory actions of Ne-serve and DBR were studied at this
level of urea. The functions of both inhibltors are es described 1n
section 3.1 above. This experiment was carried out first (Nov. 1976).:
The level of 1000 ppm N 1s about ten times the normal application
for arable crops. .

|
3.2, 1 Materials end methods. ;

Again two batches of Eng=soil at two pH KCl levels 4,1 and 6,4 respec—
tively were used, The Eng-soll is as described in 3.,1.1 and also the
reagents, methods of incubation, sampling and snalysis are as describe
ed in 3.1.1. The urea level in this sxperiment is 1000 ppm N.

J.2.2 Treatments.

() SOIL + UREA; 2.8 kg of each soil was weighed out and 352.8 ml
of water wlth 5,6 g of urea was added and tharoughly mixed., The
moisture content of the soil cams in this way to about 60 % of its
water helding capaclty. 200 g portions were weighed into experimental
pots and incubated at room temperseturs. The moisture conditions of
the samples were malntained by welghing and adding water from time
to time., On the very day of these treatments (dey 0}, semples from
twp pots were anaslygsed for urea, nitrate, ammonium and pH., Subsequ-
ently analyzis of the above speciea was done in duplicate after 2,
7, 10, 14 and 21 days of incubation for both pH levels (4.1 & 6.4).

(p) SOIL + UREA + N-SERVE: As in (a), but + 2,5 ml af N-sarve added
with the ures solution after thoroughly mixing.,

(c) solL. + UREA + DBQ: As in (e), but plus 0,14 g DBG {sea 3,1.2
treatment) thoroughly mixed with urea,

(d) SOIL + UREA + DOUBLE DOSE OF N-SERVE: As in (b) plus extra 2,5 ml

af N-serve,
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3.3 Analysis aof Spil Samples,

Analysis carried out included urea-N, NO_, NHZ and pH.
3-3. 1 UI‘BB-'N. .}

The principle of uree analysis in pure solutions and in so0il/plant ’
sxtracte is based on the reaction of uree with diacetyl monoxime

and thiosemicarbezlide under ecidic conditions and specified tempera-
ture to produce a red-coloured caowmpound, the intansity of which can

be deterwined colorimetrically., The method used in this work 1is that
derived from the study of Arni Kyllingsbek and the modified prunadurs?

Discetyl monoxime-potassium nitrate solution [DAM—KNDa) wes prapared
by dissolving 2.5 g diascetyl monoxime and 2.0 g potassium nitrate

in 100 ml water. Thiosemicarbazide (TSC) was prepared by dissolving
0.25 g TSC in 100 ml of water. The acid mixture of 37 % hydrochloric
acid and 85 % phosphoric acid was prepared by mixing 1?5 ml of hydro-

chloric acid with 100-ml of phosphoric acid and meking up the mixture

up to 500 ml, The ecolouring resgent was preparsd lmmedietely before
use and it was obtained by adding 30 ml of diacetyl monoxime-potassium
nitrate solution and 12 ml of thiosemi.carbazide solution to 450 ml

of the acid mixture,

The standard solution was prepared by dissolving 0.2144 g ures in a
500 ml volumatric flask using 1 M KCl-PMA solution {preparsd by dis-
solving 75 g KE1 1n one liter volumetric flask followed by addition
of 100 ml of a 50 ppm solution of phenyl mercuric acetate (PMA) and
making up to the mark with water). The solution contained 200 ppm
ureas-N, Standards were prepared by diluting 5§ ml of the standard
solution to 100 ml with 1 M KCl-PMA solution. From the diluted aol-
ution {coneentration 10 ppm ures-N) D, 5, 10, 20 and 30 ml were
pipetted into 100 ml volumetric flasks and made upto mark with 1 M
KCl1=PMA solution, These solutions contained 0, 0.5, 1, 2, and 3 ppm

urea-N respectively.

# The extraction procedure and the colnrimatfic determination was
modified by Ameloko{1977) as part of the fulfilment of the minor
thesis Soll and Plant Analysis of the M.S5c.Course.,



]

16 |
N

I

10 ml of the extract obtained by shaking 10 g of the soil sample
with 100 ml of 1 M KCl-PMA solution and 10 ml of each of the
standards were pipetted into S0 ml volumetric flasks followed by
30 ml of the colouring reagent and the flasks were heated in a
water bath at 80°C for 35 minutes. The flasks were cooled and made
upto mark with water and the extinction of the solutions was measured
at S0B8 nm using a 1 cm cuvette, The standards after diluting 10 ml
of sach to 50 ml contained 0, 0.1, 0.2, 0.4 and 0.6 ppm urea-i
respactively, Tha urea-N contents of the soil samples were obtained
by referring to the curve plotted using results of the standerd
series (ses fig A}. In tables 1a, 2a, 3e and 4a the results of the
determinetions are given end in figures 1a, 2a, 3d end 4d the date
are graphically represented.

i

3.3.2 Nitrate.

The nitrate contents of the so0il extracts were measured with the
nitrate specific ion electrode. The nitrate ion electrode of model
no. 476134 (Corning} was used together with a my meter having an
accuracy of * 0.5 mV. The soil was extracted with 0,01 M solutian
of GuSDa. A copper sulphate medium was used to prevent loss of
nitrate by bilological activity, Gopper sulphate solution of 0,01 M
was prepared by dissolving 2.5 g CuSUa.Sl-IzD/liter. A standard solu~

tion of 1000 ppm NO

4 was prepared by dissolving 1.6308 g KNUaflitar.
For the extraction, 20 g of soil was weighed into a polythene bottle
and 50 ml of copper sulphete solutlon was added. The mixture was
shaken mechanicelly for 15 minutes before filtering over fluted
filter paper. About 20} ml of the extract was transfafrsd into a

100 ml beaker for the measurement, |

Standard series were prepared by plpetting from the standard solution
0.5, 1.0, 2.5, %.0, 7.5, 10.0, 15.0, 20,0 and 25,0 ml into 250 ml
volumetric flasks and made upto mark with copper sulphate solution,
20 ml of each of these solutions was pipetted into 100 ml beakers.



1?7

N-Day) wdd «——

30

.doﬁclaﬂlhonr' ®eJIn uou.onaﬂ pIwpuw,s
S0 70 £0 LAY 10

v ¥

L L]

T

-L0
uoiRuNx3



18

The standards have the cancentrations of 2, 4, 10, 20, 30, aQ, &0,
80 and 100 ppm ND; respectivaly. !
The potentials of the standards end the samples were measursd by
bringing the electrudes in the solution and stirring et constant
speed while teking readings within 18 to 30 seconds after the drift
has ceased,

The nitrate contents ware computed hy referring to the greaph of
standards {see fig. B). Results of the determinations are given in
tables 1b, 2b, 3b, 4b and illustratlons in figurea ¢, 2¢, 3b and
do,

i

3.3,3 Ammonium.

Ammonium concentratlons wereg determined according to the method

pf Novozamsky and Houba (1977). Using this method, 20 g of each of
the samples was treated with 50 ml of 1 M KC1 and shaken for 2 hours
at ruom temperature (see also 3,3,4)}. After sheking and filtering

a 5 ml aliguot was pilpetted and the pH raeised by adding 0.1 ml of

10 M NaDH,

Standard solutions with concentrations of 10-“5 ta 10—2 M smmonia
ware prepared using ammonium sulphate [NH4]2504 P.B. Also the pH

values of the standard series were raised using NaOH,

The ammonium contents af the standards end samples were measured
uging a gas diffusion electrode as ammonia sensar, Measurements
were carrled ocut on s Beckman pH ASAR=I1 digltal type potentliometsr
using the mV scale. The contents of emmonium were firmally computed
by referring to the standard curve gbtained from the standard seriesg
(a typicel stendard curve is shown in figure C), Incresse of pH by
addition of MNa(H sets free ammonia gas (NHz < M-la + H+) to
which the electrode is sensitive., Tables 1¢, 2c, 3c end 4c show the

results of the snalysis whils figures 1b, 2b, 3c and 4c give grnphé

jfcal representations,
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Part of the analysis of NHZ was done with the modified indophenol-
blus method {Novozemsky et al, 1974}. This procedura was used becauss
measurement of low NHZ concentrations with the elsctrode was taking

toa much time hefore reaching equilibrium.

' 3.3.4 pH_KG1,

;
For the pH measurement a method used by the Department of Solls and
Fertllizaers of the Agricultursl State Unilversity, Wageningen, was
applied in this study. According to this method 20.0 g of each sample
was shaken for 2 hours with 50 m)l of 1 M KCl {prepared by dissolving
74,5 g KC1 and making the volume upto mark in a 1000 ml wvolumetric
flask). After shaking, the suspension wag left to settle making the
supernatant solution to reach equilibrium with the soil solutian
before measuring the pH potentiometricelly. Tables 1d, 2d, 3e and
4de show the results of the detsmminations., Variation of pH under
various treatments are 1llustrated in figures id, 2d, Je and 4a,
Since the extractant and the procedure for the extraction for pH and
NHY determinations ere the same, the extracts far pH after filtra-

a
tion were ugad for the ammonium determination (3.3.3).



3.3.5 Hesults,

Teble 1 Gontents(based on ppm aven dry (1DSQBJ s0il) of Urea-N
(table 1a), NO-N (0], NH 4N (1c], Urea+NO ;+NH , {(1d} and pH (1e)

in s0il samples incubated with urea at a low level (100 mg N per kg
s01l) in Eng-soil with a low pH (means of duplicates). .

ol it o
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Table 1a. Urea-N
days after
Treatment 0 3 7 "1 17 23 36 39 incubation
a, Blank (without Ureg) 8.5 6.0 1.0 0,6 =% = -~ =
be + Urea 100,5 68,2 10,5 2.2 = = = -
G. + Urea + N-zerve 100,5 72.5 27.5 4.3 -~ - -
d. + Urea + DBQ 100.5 89.6 36,6 22,8 3.0 - - -
e. + Urea + GuBGd 100.5 75,3 31.4 17.9 2.6 - - -
f. +Uraa+Ctﬁ|’.‘14 +N zsrve 00,5 84,3 44,4 9.6 3.4 - - -

& not meesured supposed to be zero,

Table 1b. NUS - N

L)
b.
Cs
d.
8.

fa

208

table 1a

4,0 4,9 7.B 6.3
4,2 .4 8,0 7.5
4.2 5.7 7.9 &.9
4,2 6.2 10,3 6.6
4,2 6.4 6,6 5.0

4,2 5.4 3.0 4,7

7.5
10,3
10.5

7.5

.4

8.5

9.4 9,3 9,7 |
10,6 15,5 18,8
8.5 10.3 10.1
8.4 9.4 12.9
6.6 B.4 6.3

5,4 7,2 4.4
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# ., rresults not reliable.

Table tc.  NH,~N
days after
Treatment O 3 7 1 17 23 31 3%  incubation
a. 1.6 8,6 & 6.6 B,3 6.8 8.2 6.1 :éV
b, see 6.2 47,1 . 91,7 B5,5 97,8 B86.4 74,7 ;?
c, table 1@ 5.2 40,3 . 122,8 93,6 113.6 113,39 98,3 1
d, 5.2 17,9 . 91,4 105,2 111.0 111.1 95,8 ?
- 5.2 19.8 . 92.5 96.3 116.1 109.1 91.3 |
f. 5.2 19,7 . 8s.0 107.5 121.1 122.5 90.6 f;“
| i
% , rasults not reliable,
Table 1d, Ures-N + NO, =N + NH,—N j?
a 14.1 19.5 .# 13,4 15,7 16.2 17.5 15,8 :!
b, ses 109.9 121.6 . 101.4 95.8 108.4 101.9 93.5 f}
c. table 1a 109.2 118.5 .  134,0 104.1 122.1 124,2 108,4 ﬂ
de 109.9 113.8 .  120,8 115.7 119.5 120.6 108,7 i-
. 109.9 101.4 . 115.4 105,3 122.7 118.0 97.5 |
f, 109.9 109,55 . 102,3 119.4 128.3 129,7 95,1 {
Table 1e, pH KCl, é
a. 3,7 4.0 3.9 3.8 3,8 .= 3.5 3.7 é}
b. as table 3,7 4.0 4,2 4,1 3.8 ., 3,8 3.5 |
c. 1a 3,7 4.0 4,3 4,3 3.8 ., 4,0 3,7 f{
d. 3,7 4.0 4.3. 4.3 4,2 , 4.1 3.8 .
. 3.7 3.9 4.1 4,1 4,3 , 4,0 3,7 !
r. 3,7 3.9 4,1 4,1 4.2 . 4.0 3.7




Table 2 . As table 1 but for Eng =oll with high pH.

Table Za, Urea.
days aft
Treatment 0 3 7 11 17 23 a1 38 iHCUbEh
a. Blank{without Urea} 5.6 0,0 =% - - - - - .
b, + Urea 101.2 37.5 1.1 - - - - - J
cC.+ Urea +N ~ Serve 101.2 43.3 1.4 - - - - -
d.+ Urea + DBQ 101,2 82,5 29.1 21.2 0.7 - - - .
e. + Uresa + CusS0, 101.2 59.8 11.5 0,5 - - - -
f.+Urea+CU504+N-sarue 101.2 468.1 14.9 0.5 - - - -
# , not measured supposed to be zero !
Table 2b,  NO; - N 5
a. 2,5 4.B 8,0 11.B 12,3 12,7 18.8 17.7
b. see table 2a 2,4 5,8 13.6 18.0 38.4 56,56 71.6 100,0
Ca Z.4 3.5 3.9 3.4 5.6 6.7 7.3 5.8
1 2.4 2.8 4,0 3.6 5.5 10.9 14.3 14.0 é
e, 2.4 4,1 10,0 12,2 15,4 34,4 40,7 38,8 #
f. 2.4 3,2 4,5 3,1 4,4 5,9 6,1 5,1
|
Teble 2c. NHj - N
a, .7 4.4 .= 13,3 1.9 0.5 2.0 1,2
bh. see table Za. 8,3 69.6 . 107.1 72,0 51.5 44.6 26.0
Ge 5,3 87,3 .7 101,84 113,2 124,9 115.3 107.4
d. 5.3 34,6 . 116,8 10%.7 103.2 04,7 103.6
- 5.3 37.5 . 100,0 75.6 93.3 90.1 53.0
fe 5,3 54,7 . 125.3 88.4 112,0 105.3 96,0
* , results not reliable i i
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Tabla 2d,  Urea-N + NO,-N + NHZ - N
Traatment 0 3 7 11 17 23 a1 a8

B 9.8 9.7 « 25.8 14,2 13.2 18,8 18,4
b. see table Za 108.7 112.6 . 125.0 1106.4 118.1 116,1 127.0
d. 108,.7 119.9 ., 41,6 11,8 114,92 119,1 117.6
e, 108,7 101.4 . 11¢.,8 921.0 127.6 130.9 1.9
*. 108.7 106.0 . 28,9 92.8 18,0 112.0 101.4
Table 2e pH KCl

a, 4,6 4,9 a,7 4,7 4.5 .= 4.5 4,2
b, see table 2a 4.6 5.4 5.6 5,2 5.0 . 4,1 3.8
Cs 4.6 5.4 5.6 5.4 5,9 . 4.2 4.9
de 4,6 5.3 5.7 5.6 6.1 . 5.2 4,9
S, 4.6 5.0 5.3 5.2 5.9 4,8 4.3
. d.6 5.0 5,3 5,2 55 . 5.0 a,7

#* ., results not reliakle,
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Table 3. Gontents (ppm based on ocvendry (10508) suil] of Urea-N
(tabla.Sa]NUa-N[Bb), NH,-N(3c}, (Urea + NO, + NHa]—N(Bd)
and pH (3e) in soil samples incubated with Ures et a high
level (993 mg N per kg =ail) in €ng soll with low pH.

Table 3a, Urea -~ N days after
Treatment Q 2 “? 10 14 21 28 incubation
a. So0il « Urea 1070 792 871 684 594 327 199
b. +Urea+f-serve single dose 878 832 684 SP) 382 114
c. + Ureas + DBR B92 8B2 823 812 853 708
d. +Hrea+N -serve double dose Bg1 776 €693 520 321 112
Table 3h. NO,; ~ N
8. WM 11 11 12 15 i
b, a= table 3a 10 10 10 11 12 15
Ce 9 10 10 10 10 13
d. 9 10 e 1 11 14
|
Table Qe. NH4 ~ N
a, 114 2598 284 523 650 B96
b, as table 3a ' 78 240 292 415 842 783
Co 3¢ 89 111 183 217 35§ |
ds | 57 211 297 0345 693 B90 N
|
e
Tabla 3d, Urea—N + NO4=N + NdeN ﬁ
a. 916 1140 979 1140 969 1030 il
b. 8s table 3a. 966 1082 9606 1016 1036 912 L
Ce 935 5981 544 975 1080 1076
d. 927 997 999 928 1025 1016
Table 3e pH~-KG1
ﬂ. 4.2 ana 5.1 5-8 E.B ?-D ?.E :I
b. as table 3a 4,6 5,0 S,8B 6,5 7.2 7.5

il
. 4,4 4,7 4,7 5.0 5,2 6.0 |
dl 4‘6 5.0 5.8 6-4 7.1 ?'6 1



Taple 4. As table 3 but for Eng soil with high pH

Table 4e. Urea~N

days after

Treatment a 2 7 10 14 21 28 incubation
a. 8%0il + Urea _ 852 837 S77 231 99 65 64 )
bh. +UreetN-serve single dosse 707 855 317 119 &7 51
C. + Urea + DBQR ' ' B44 794 742 630 5Sa4 418
d, +trea+N--serve double doae 763 B4AZ2 320 164 70 65
Table 4b. NOS - N f
ay , 11 13 12 13 13 16 Y
b as table 4a LRI & B -2 R A ;
c. 0 11 1w 18 12 14
d, 11 11 12 12 10 14 E

+
Tabla dc. NH4 =N
a, 235 347 S78 701 565 559 |
b, as table 4a 208 326 344 637 550 502 2
c. W09 179 208 293 307 355 5
d. 207 316 357 6092 551 540 |
Table 4d. Urea~N + NO3=N + NHj —N
' 1143 957 B21 813 643 8639
b. as table .da 926 892 673 767 629 S66
Ce 963 9685 930 993 863 787
d, 981 969 689 785 631 619
Table 4e. pH KCL, ?}
:!,'

a. 6.6 6.3 7.8 8.2 8,3 8,1 7.9 T
b, as table 4a 7.3 7.7 8,2 8,4 8,0 7.8 i
Ce 6.9 7.0 7,3 7.5 7.8 B,D y
d. 7.3 7.7 B.,2 8.4 8.2 7.9 H
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ppm Urea-N
Fig 1 Fig. 2

100~ (@) as Urea-N {a) as Urea-N

/on—__._____‘._‘_d'_,_,_-'-..______‘ —— . ./ \
a—
—

0= ¥ *— v ¥ —y — — T * - —'r'"____-“-__:';_
3770 7 23 XN 3 3 70 17 23 3 37 days
Fig. 1 and 2 Changes in ures and NN, contents of Eng-eoll with (left) low and
(right) high pH and incubated with (o) 10 mg urea / 100 g-of soil;
(A) ss in the foregoing plus N-serve; (x) as im the foregoing
plus urea inhibitér (DBG see text); (#) ms in the foregoing plua
Cu.SO‘.; (® a8 ia the forsgoing plus Cu.“iol. and N-serve.




29

ppm NO3-N
1007 Fig.!
(c) as N03—N
B0-
60+
40
20+
% _
Jr—d
pH-KCI
M @
6
51
"’l: S
4 ) —
PES S
o 3
1 i i A i B S i L l i ) R Y A i
(e) s Urea+ NOj « NH; (-N) (@) as Ureas NO3 « NH(-N)
140 & <, a d
X ? H s 3 i
lggj"'s . % : i ] e § o
20¥/~.________r____ 1 /U\\\.__.___...---""""_"
| - - 3

I — ol el [_l. A B
37 10 7 23 3 ¥ 3 7 0N U 2B 3 F days

Fig. 1 and 2 Changes in m;. pH and L(urea + MO, + NH,) contents of Eng-soil
with (left) low and (right) bigh pH and incubated with (o)
10 mg / 100 g of soll; A as in the foregoing + N-serve; x as inm
the foregoing plus DBJy # as in the foregoing plus c-so,.‘
@ as in the foregoipg plus Cus0, and N-aerve.



Fig.3 FIg.4 =
oNm s Urea + NH, + NO3-(N) opm @5 Ureas NHy « NO3-(N)
12001 . . T .
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L ]
800 ; %o a
x \
600- 4 Sl
400 -
% a = N — 0 N i Y v
b as NO3-N D as NO3-N 2
104 AN K 101
o =) i 0 g 1 ko A

800> as NH4-N / £ as NHy4-N
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] // \r\r
400 : o [ M/lﬂ
|
200+ / { waa
0 L _'__1_ e L ﬂi._ A i
g) as Urea-N d) as Urea-N
1000 :
Bm-l pd A - .
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600 "
400+ i
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P s
pH KCI
f
681013 %6 2 <7 dec’'78 0001316 20 27 dec76

Changes in pH, Urea, NH,  and WO, eontents of 'Eng' scil with (Fig3)
low and (Fig.4) high pR nﬁd lneablt-l with (®) 200 mg Urea per 10O g
of soil. (x) as foregoing plus N serve (single dome); (/) an (@)

+ Urea inhibitor (DBy, wee text) and (o) as (®) plue N serve,

double doae. "
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3.3.6 Results and discussion.

Results obtained in the experiment with low level of urea and low
pH (pH KC1 3.66) (fig.1s and table 1a) showed that between 17 and
23 days after incubation, all the urea added to the soll was comp-
letely hydrolysed no matter which urease inhibitor wes present, It
is also evident from table 1a and figure 1a that all the urea

added to the soil without urease inhibitor was completely hydrolysed
about the 11th day (treatments: urea only and urea + N-serve). At
this pH level, there seems to be no difference in the inhibitory
effects of 2,5-dimethyl-p-benzoguinone and copper sulphate. Since
there is clear evidence of hydrolysis at this low pH, these results
contradict the findings of Delaune and Patrick (1970) who concluded
that at pH values below 4 no urea hydrolysis occurs because of the

denaturation of urease.

The results with the low level of urea and at a spmewhat higher pH
(pH KC1 4.64] presented in table 2e and 1llustrated by fioure ?a
show evidence of a higher rate of hydrolysis. In this case urea
without inhibitors was hydrolysed completely about the 7th day and
urea with inhibitors was completely hydrolysed about the 17th day.
The steeper slopes of the curves in figure 2a compared with those
in figure 1a are evidences of the higher rate of hydrolysis. At pH
4,64 there is also an indicetion that DBQ is a more effective
inhibitor than copper sulphate.

The presence of N-serve presented no obstacle to urea hydrolysis at
both pH levels as can be seen in the figures 1a and 2a by comparing

treatments urea and urea + N-serve,

A close survey of the experiment with the higher level of urea at
pH 4,19 and pH 6,58 reveals also a higher rate of hydrolysis of
urea at higher pH than at lower pH. Inhibitory action of DBQ is
well illustrated (figs.3d and dd). Also the non—-interference of
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N-serve on the rate of hydrolysis of urea lg clearly shown for the
higher N-doses (tables 3a,4a and figures 3d, 4d) for the low as
wall as for the high pH,

The rate of hydrolysis can be assesed sither from the rate of degom-
position of urea as above ar from the rate of formation of ammonium,
Tables 1c and 2c together with figures 1b and 2b give impressions of
the rete of ammonium formetlon resulting from ures hydrolysis, From
these data, it is also clear that the rate of ammonium formation is
greater at higher than at lower pH. The maximum 1s found at about

11 and 23 days raspectively, As can he expected ammonificetion is
slower in the presence of urease inhibitor DBRQ. Tables 2c and 4dc

end figure 3c and 4c also support the faster ammonification at high-
er pH as well as retardation of this process in the presence of
ureasa inhibitor, |

L
!

Since ammonium ions formed will under fayvourable conditions be convart-

ed to nitrate, after some time there will be a reduction in the smount

af NHZ and gradual accumulation of nitrete. Evidences of ammonium
converslion and the building up of nitrate are clearly given by table
2h (treatments with urea and urea + CuSUa) and 11lustrated by figure
2c (1uw level of urea and high pH). At low pH level 3,66, nitrifica-
tion is only indicated for the treatment with urea and even then at
a very slow rate (fig. 1c)., The slow rate of nitrification here is

a result of the low pH whiegh is unfevourable for the micro-organisms
responsible for nitrification. Figure 2¢ 1llustretes so well the
inhibitory action of N-sarve eas nitrification inhibitor and from ths

same figure it looks as if DBR and CuS0, have some inhilbitory action

~on nitrification, At higher level of uria and at pH 4,19 and 6.58,
nitrification is very slow as can he seen from illustration of

figures 3b and 4b, In all cases, nitrification hardly occurred in
presence of N-serve, Both single and double doses of N-serve soem

to produce the same effect and at the same rate,




As a result of the formation of ammoenium carbonate, the pH increases,
The increase is less pronounced in solls which were originally at |
lower pH. In spil samples. that recelved a low smount of ureas, the

NH reeched a maximum of 4.1 and 8.1 starting from 3.7 and 4.6
respectively, The decrease in pH which followed is due to acidifying
@ffect of the nitrification process., For samples that received
higher levels of urea, the pH increased from 4,2 t111 7.6 and from
6,6 till above 8. In the last case a pH decreese followed after the
maximum was reached, The presence of DBR did not stop the incresse
in pH as can he seen from figures 3¢ and 4c, but the rate of ammoni-
ficatlon which leads to increase in pH is less fast than with other

treatments,

Under ideal situations the sum of urea + NO; + NHZ

should equal at any time to the amount of ures N added to the soil

gxpressed as N

at the start of the experiment (assuming no mineralizetion of orgamdic
material of the soil and or nao denitrification of ND; takes placae).
As can be seen from the summation iin the tables, average values of
the original amounts + the values of the blanks are given, In fig-
ures illustrating these deta, there is quite a scettering of points
due to uncontrolled errora in sampling and determinations, The
results of the blanks (for urea, NHZ and NDS] show the picture of

a sopil without substantiael mineralization and nitrification. Never-

theiess it is possible that some NHz ie incorporated in the organic
.'.
4
for their growth). It is obvious that the increase in pH above 7

matter {the micro-orgenisms in the soil might have used some NH

as racorded in samples with a high level of ures and high pH may
cause volatilization of nitrogen es ammonia and this seems a more
likely explanation for the results found,

1
]

3.4 Germination of Maize 1in Soils Incubatadlwith Urea with and
without Uresse and Nitrification Inhibitors.

The main obJective of this experiment 1s to investigats if the treat-

ments as deascribed in 3,1 have any effect on the germinetion of maize,




If it is true that high concentrations of ammonia are injurious
and high levels of urea do not injure germination of seaeds, keeping

urea as such should be favourable under normal cilrcumstances,

3.4, 1 Materials and methods.

Two batches of Eng-soil, low and high pH with low level of urea as
described in the previous chaspter were used. At the start of the
experiment a batch of dry maize seeds and another of wetted seeds
(3 hours in demineralized water) were used. The purpose of wetting
was to accelerate germination. A nutrient solution containing P,K,
Mg, Fwe and the other trace slemenis was vedded to each pot. For
both soil samples (low and high pH), 4 maize seeds were sown in

two pots of each treatment (& - f). This was done on day zero with
wet and dry seeds and in the same way on day 7 and 17 with dry
seeds only. After sowing, the pots were incubated at room tempera—
ture [2003). The moisture contents aof the samples were maintained
by weighing and spraying with water from time to time until measure—
ments of the lengths of the seedlings were taken and these were
done after 11, 15 and 21 days after sowing. The results as the mean
lengths per seedling in cm are given in table 5 (at the time of

measurement there was only one leaf).

3.4,2 Results and discussion,

In this experiment (table 5) there is no regular behaviour of the
plants as a result of differences in treatments. As can be noticed,
there seems to be no evidence of retardation in growth due to high
urea or ammonium concentrations because plants on the blanks are as
good as those on wurea, urea + N-serve and urea + DBQ treated
soils, May be this can be expscted as the pH increase is very modest
and stays well below pH 7. A close examinatlon of the data reveals
retardation in growth in treatments with copper sulphate and copper
sulphate + N-serve, Under this condition, the retardation must be
linked with copper and not with N-serve.



Table 5. Length (cm) of maize seedlings grown in s0ll samples with
law and high pH and incubated with Urea with and withgut

Urease end nitrification inhibitors,

days after

Treatment Sowing: 0 W;t ?. 17 dncubation
Soil low pH measuring: 11 1M 15 21 days after
sowing
a, Blank 6.0 5.0 6.0 9.5
b. + Urea 6.0 4,5 6.0 8.0
ce + Urea + N-ssrve 9.0 5.5 6.8 6.0
ds + Urea + DBJQ | 8.0 7.0 3.0 3,0
e, + Urea + GuSU4 J5 3.0 5.0 6.0
f. + Urea + GuSU4 + N—serva J.5 J.0 B.0 1.5
50il high pH
a, 8.0 7.0 5.5 6,0
b, aa for low pH 7.0 6,0 7,0 7,0
Ce | 7.0 8,0 7.5 4.5
d, (see above) 6.0 6,0 B,0 3.0
a, 4,5 3,5 8.0 7,0
f.: 6.5 4,5 5.5 3,0




s
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Looking at ths reaults in columns 1 and 2, no difference in growth
as e result of wetting the seeds can be ssen., A deley in spowing

(on day 7 or 17 after incubation) shows no clear differences between
the treatments. In fasct, there is no difference between the blank
and urea gnly and the negative sffect of copper is more clearly

seen,

3.5 Urea Compared with Nitrogen ms Nitrate and ms Ammonium; Water

Cul ture,

The general belief is that under field culture conditions nitrpgen-
ous fertilizers like urea and ammonium sulphate undergo blological
and chemical changes so that most of the nitrogen is taken up as
NO;. In the case of urea, it is first hydrolysed in presence of
urease into ammonium carbonete and the ammonium ion is then oxidized
into nitrate ion befors being absorbed by plants. Likewise, in
ammonium sulphate, the ammonium ion may be oxldlzed or taken up as

such,

This water culture experiment was done to invaestigate urea as a
nitrogen source and compared with nitrogen as nitrate and ammonium

with maize as & test crop.

-
3.5.1 Materials and methods. !

The experiment was carrled out in three conéainars, one fur.eﬂch
nutrient solution with Radiometer equipment (automatic buratta] to
keep the pH of the culture solutions at a constent level of 5.0,

The nutrient solutions were asrated (ses Slangen, 1971). Maize seeds
were germinated on gravel put in sieves and these were put on top

of the culture solutions so that the roots could rsach the solutians
but the gravel was prevented from being wetted, Tha composition of
the nutrient salutions are given in table &, This experiment will he
evaluated in detail by L.J,MtVan Loon and M,L,ugn_aausiqham*.For this

* The author refers with thanks end pleasure to both workers for
supplying part of the data,



Teble 6. Composition of nutrient solutions (meg/L) used for maize

in watar culture.

Ureaa NH4-N NﬂaﬂN
Urea 5 (rm 01/1) - | -
|
(m4]2504 - ? I -
| -
NH, H_PO4 - 3 l
i
NuNDa - - . 2
KNO, - - ; a
Kzso4 8 8 i -
' i
Nazﬁﬂa & 2 7
MgSO, 2 2 | 2
CaCl2 1 1 i 1
FeEDTA t* ml of stock solution 1 ml 1 ml
} » * »
Trace slements 1t ml of stock solution 1 ml 1 ml
N—sarve 2 ml of atock solution 2 ml 2 ml

& The stock solutlon for the trace elements

following (per 110f stock spluticn).

D.0196 g {NH

2,86
1.55
0.08
.22

contalned tha

g HSBCI3

g Mn Sﬁa—10H20
g CuSDa-SHZD

] ZnSDa-7H20
4)gM0;05,4+8H,0



thesis the dry matter yields of maize for the various treatments
are presented. The plants were harvested (arial parts and roots
separately) weighed, dried and reweighed to determine the dry
matter yields,

3.5.2 Harvest and measurements.

The first harvest was after 12 days, then followed by two other
harvests after 20 and 28 days of treatments. The shoots wers separa-
ted from the roots. The roots were washed and rinsed with distilled
water., The plants were dried in an oven at '?{]nl:: for 48 hours after
which the oven dry weights were taken, Table 7 give the results of
the weights,

3.5.3 Hesults and discussion,

Table 7, Dry weight (g/plant) of maize on water culture,
A = after 12 days.
B = after 20 days.

C = after 28 days.

Nitrogen source

tirea M-la-N Nﬂa—N

A shoots 0.32 0,35 0,29
rmots 0.09 0.10 0.09

B shoots 1431 1. 15 1. 18
roots 0.24 0.21 0,22

C shoots 2.87 3.34 2.88

ronts 0.43 0.52 0,43




39

From these results, it may be sald that uptoc the period of 28 daysa
after sowing there was no significant difference 1n dry matter
yields between the thres treatments. However, NHA—N seemad to produce
mare yield than gthers an the 28th day, but urea and NUS—N showad

no difference at all,

From the results avallable uptill now from thls experiment, it
cannot be said that uree was ebsgorbed by maize plants as such, It
is possible that uree wes hydrolysed {tha prasence of urease in

plant tissue has been reported in the literatura) and that NHZ

formed was used by the plants. Since the system is not sterile,
complete absence of ureesse ectivity cennot be neglected. Besides
this hydrolysis affected by urease, the eguilibrium (NH2]2CD +

2H,0 ——i?'(NH4]2803 !““—ﬁ>2NHz + CDE- gives a more or less

constant buit low concentration of NHZ

Nevertheless the yleld of meize with urea as a N-source is not

in the nutrient solution.

lawer than that with NﬂanN uptil ane month after germination and

under the conditions as given before.

3,6 Comparison of Ures with ather Nitrogen Fertilizers under
Fleld Conditions,

In previous experiments, the trials were dong under more or less
controlled conditions, To be eble to asaeas the value of urea as
a fertilizer 1t Is necsssary to carry out trisgls under natural
field conditions, where plants are faced with many hazards.

|
This experiment was therefors designed to study and compare the
practical significance of & nitrogen fertilizers includlng urea on
crop growth [yield and chemiicel compasition] and the effects on the
soll as regards the pH, The treatment combinations were not complet-
ely rendomized per block, but for statisticel analysis, the trials
were considered as factorial designs in randamized blocks. The
experiment belongs to the permanent field trials of the Department
of Agricultural Chemistry of the Agriculturel State University,
wageningen the Netherlends,



3.6.1 Experimental design; materials and methods.

lhe trials were carried out on the Dutch sandy soil (Eng-soil), the
characteristics which have been described earlier on in the first

chapter, As regards treatments, the followlng fertilizers were used,

a) NPK -~ a compound fertilizer (12 - 10 - 18)
b) Ammonium nitrate + limestone (26 % N)

c) Ammonium sulphate (21 % N)

d) chilean nitrate (15.5 % N)

a) Urea (46 % N)

f) Sulphur coated urea (35 % N)

The fertilizers were applied at three levels viz, B4, 120 and 120+

kg nitrogen/ha,(Explanation for 120% further in this text). The

layout of the experimental field is shown below.

Table 8. Layout of field trigl with 6 nitrogen fertilizers:

Block Fertilizer plot No.Kg N/ha plot No Kg N/ha plot No.Kg N/ha
NPK 12 120% 24 120 36 Ba
Chilean nitrate 11 120* 23 120 as 84

I  Ammonium sulphate 10 s20* 22 120 34 8a
Sulphur coated urea 9 120" 21 120 33 8a
Ammonium nitrate+lime 8 120* 20 120 32 84
Urea 7 120* 19 120 31 84
Ammonium nitrate+lime 6 8a 18 120 30 120*
Urea 5 8a 17 120 29 120*

II  NPK 4 84 16 120 28 120*
Ammonium sulphate 3 84 15 120 27 120*
Chilean nitrate 2 84 14 120 26 120"
Sulphur coated urea 1 84 13 120 25 120+
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The pH of the soil is likely to decrease because of some of the
treatments with nltrogen as NH: and in fairly high emounts, In
order to neutralize the effect of these pH changes, calculated
quantities of lime (GaGD3] or sulphur were applied with 120 kg
nitrogen/ha (treatment 120%). Calculated as GaD, the amounte of
lime added to each fertilizer were 61, 46, 40, 15 and 0 kg per
100 kg fertilizer for ammonium sulphete, ures, sulphur coated
urea, NPK and ammanium nitrate + limestone respectively. 17 kg §
per 100 kg fertilizer was mddad to Chilean nitrate, These amounts
are established From fleld experimenta on arable land with N-fsrt- |
ilizers in Holland, ' |

The trial wes started in 1972 with an initial pH of t 4.4 and in
1973, 1974 and 1975, the pH of the soll of seach treatment was
measured, In 1975 gummer wheat was grown as the test crop and in
1976 two varities of Kele (Bressica olerecea var Sabeuda{L) Schulz
which in Dutch are called "spitskool" and "savooiekool"} were used
as test crops. At the end of each growing season, the yields and
in most cases the chemicel composition of the harvested crops were
determined end recorded. In 3.6.2 part of the data (as far as signi-
fiCant] ara given end sttention is given to the position of urea
compared with other N-carriers. |

|

|

|

3.6.2 Aesulta and discussion,

Only the summarlzed results are presented in the following tables,
The basic datam mand examples of the statistical analysis are aveileble
in the Laboratory of Soils and Fertilizers de Dreyen 3, Wageningen,
The date for 1972, 1973 and 1974 were worked out by Mrs.H.0.Anjorin,
1978,

The data support the well known fact that Chilean ﬁitrnte has a"'
pH raising effect which 1in thlis cese ia an average of 0.2 pH unit

(the data for 1974 are not very reliable). The compound fertilizer
{NPK), urea and ammanium nitrate + lime sesm not to have any signi-

ficant influence on pH under the conditions in question, Ammonium
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Table Ja, Changes in pH KG1 from 1973 =1975 in Eng-s0il dressed
with different nitrogen fertilizers {pH KGl in 1972 4.a)

Fertilizer 1973 1974 1975
NPK 4,6 4,3 4,5
Armmonium nitrate + lime 4,3 4,2 4,5
Ammonium sulphate 4,2 4.0 4,2
Chilean nitrate 4.7 4,0 | 4,8
Urea 4,4 4,1 4.4
Sulphur coated urea 4,3 4,2 4,3

Teble BSu, Yields of grain end astraw {(kg/plot) of summer wheat in
1975 with different nitrogen fertilizers,

Fertilizer grain atraw
NPK S 4,73 7.52 .
Ammonium nitrate + lims 4,80 7,97 .
Ammonium sulphate 4,74 722
Chilean nitrate | 4.07 7.10
Ursa 5,24 7.63

Sulphur coated urea 4,32 7.07'
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sulphate as can be seen has a pH decreasing effect, This holds also
for sulphur coated urea (with the extra effect of the sulphur), In
general it is known that the finel pH decrease for urea is less
than for ammonium sulphate - the widely used N-fertilizer before

urea was introduced,

Results in table 9b show no significant difference in yields of
straw. There is, however, a significant difference in yields of
grain, The differences of the means were not tested, but it is
quite clear that urea belongs to the group of Fertilizers that
gave the higher yield of grain as well as straw,

From the summarized data of table 9c¢ the chemical composition of
the grains (the data for straw are not yet available), it can be
seen that the effects are very small and are related to the amount
of fertilizers, Only for chloride it is shown that there is a
slight influence of the type of fertilizer.

Table 9d, Yields of two varities of Kale, Brassica oleracea (called
"spitskool™ and "savooiekool") under six N-fertilizers,

Fertilizer Fresh weight {kg/100 p1)

"Spitskool™ "Savooiekool™

NPK 43,5 37.7
Ammonium nitrate + lime 46,4 38,5
Ammonium sulphate 41,7 313
Chilean nitrate 45,7 323
Urea 49.4 37.4
Sulphur coated urea 43.0 34,2

It can be seen from this table that the yields of both types of
kale are better or among the best when urea is used as a fertilizer,
(It is only for spitskool that the fertilizer effect is significant
at 5 % level).
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Table e (i) Chemicel composition (meqg/kg) of Brassica's in Netvpes
trials 1976: mean values of observations with no

effects of treatments,

Mg H2P04 N03 504 Sum anions N totel N-organic
X an? 172 4p9 344 1341 3271 2864
Cx 6.7 1.1 27.3 9.3 31.8 55,6 37,1

Table Be (i1) As in Se(1i), but Ca and C~A contents{meqg/kg)8ignificance

of the amounts of nitrogen.

8a 120 120* (kg N/ha)
Ca 914 853 980
c-A 900 1018 1091

Table 9e(iii) As in (1}, but sum of cations{C) and C-A contents(meq/kg) .
Significance of types of fertilizers.

NPK AN-L Amm=3 Chilean=N Urea S=Urea
Sum of cations 2297 2310 2275 2540 2182 2286
G 1071 1013 829 1244 a43 1014

. ’ i - - '
Table 9e {iv} As in (1) for Na & Gl contants (mag/kg).8ignificance of
types and emounts of fartilizers and of the interactlon.

. [
Fertilizer Level of fertilizers Levels of fertilizers

Na B4 120 1207 X cL 84 120 120t X
NPK 46 58 B85 53 319 187 174 226
AN-L. 44 B0 47 47 397 428 359 394 o
Amm—A 36 .35 44 38 478 576 524 525
CheN 385 536 621 514 297 269 266 277
Urea 38 44 40 49 482 541 340 455
Sell 52 80 37 46 472 aB1 382 435
x 100 129 181 123 407 413 235 385
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The results of the chemical analysis of “savooiskool” (table Fe)
also give no idea about an extraordinary behaviour of urea as a
fertilizer, The somewhat lowsr C~A valua for urea {the same for
ammonium sulphate) compared with that for Chilean nitrate and
other fertilizers, supports the idea that most of the nitrogen 1s
taken up mas NH;. This is also in good agreement with the results
of the incubation trials {chapter 3.1) whare no nitrification was
found at pH values around 4. |

The high contents of Ne with Chilean nitrate are guite understand-
able because the amount of thls compound was not campensated for
in the other treatments., The same holds for chloride in NPK compound
in which potassium is given as potassium sulphate end there is na
correction for Gl in which form potassium ia given in other treat-

ments,
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4, SUMMAHY AND CONCLUSIONS.

Hydrolysis of urea is affected by the pH of the =oil and can bhe
limited to a slight extent with inhibitors such as 2,5-dimethyl—p-
benzaquilnone and copper sulphate with the former belng more effect-
ive than the laiter, ; |

The faormation of NHZ and increase of pH which sccompenied hydrolysis
did not show injurious effects on germinetion of mailze. However, it
has to be emphasized that the amount of nitrogen, 100 mg N (as urea)
per kg of soll is comparable with the normal dressing [1 ha = 2,5 =
10° kg ~——» 250 kg N/ha), but in most experiments described in
literature, higher levels of urea-N were used, With this moderate
level of urea, the pH increese and the NHZ accumuletion will like—
wise be moderate (as shown in chapter 3) so that losses of nitrugen
are no problem., That losses cen occur, is shown in the incubation
trial with 1000 mg N {as urea) per kg of soil (chapter 4). Even at
pH lavels arpund 7, the values are below those st which according

to equilibrium, free eammonia cén be expected in substantial amounts,
Haowever, losses are substantial in our experiment uptil 40 % with

na doubt that they were ceused by volatilization.

As sald before, uremse inhibitors have some effects, but in this
axperlment, withiln a periocd of 17 days all urea was hydrolysed so
that only seeds that germinete very fast can profit from the low
awmonium concentrations, Besldas functioning es urease inhibitors,
2,5-dimethyl-p-benzoquinone (0BR)} and copper sulphate acted as
nitrification inhibitors (comparsble to N-serve). On the other hand
N-serve a wall known nitrification inhibitor is more specific end
does not 1limit hydrolysis of urea, Since urease inhibitors described
in the literature ars related to elther DBQ (guinones likse hydro-
quinone; p-benzoquinone; 2,3~dimethyl~p-benzoguinane; 2,6~dimethyl-
p=henzoquinone and 2,S—dichlnro—pubanzuquinone] or to copper (as a
heavy metal), it seems reasonable to conclude that these inhibitors

when used in the soil are not specific enough and are less effective



than expected. Nevertheless there is no clear evidence about the
chemical and or the enzymatic part of urea hydrolysis. Of course
the accumulation of the products of hydrolysis of urea could be
limited if nitrification tekes place as quickly as the hydrolysis.
This is not, however, the case and in this respect a very conclu-
sion of the experiments is that st low pH values (4.0 - 4,5) even
after 30 days of incubation no nitrification in Eng-soil took
place (fig. 1c]. Even under more favourable conditions of higher
pH the process is relatively slow and cannot be accelerated subs-—
tantially by adding a carbon source like glucose to stimulate the
growth of micro-organisms as was seen in a small scale experiment
not described here, In that experiment addition of glucose stimula-
ted the hydrolysis of urea, but not the nitrification,

Connected with the beshaviour of urea in soils which is the main
subject of study here, it is clear from the water cul ture experiment
(chapter 5) that urea can be used as & source of nitrogen at least

for a period of 28 days as was tested for maize,

#hen urea was tested under field conditions, evidences from yields
of crops proved that urea could be as good as other commonly used
nitrogen fertilizers and could even be slightly better in some cases.
This conclusion, however cennot be a general one beceuse it 1is a
well known fact that effectiveness of a fertilizer differs according
to a number of factors not discussed here and this also holds for

urea,

Nspect of upteke of urea or NH; by plants and the transportation
together with the incorporation in plants are left out of discussion
in this work,
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