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Some Soil Factors Affectmg Air Pollution by
: Ammoma Volatlhzatlon from Urea Fertilizer
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Soil Department, Faculty Agr:culture Am Shams University,

Cairo, Egypt.

MMONIA. voiatilization from urea reduces nitrogen fertilizer
efficiency of crops and increased air pollution. Some soil factors
such as clay percent, calcium carbonate content, moisture regime and
organic matter content were studied in two of laboratory ‘incubation
experiments under aerobic conditions at 20 + 2°. Soil samples were

collected from Qalubia Governorate, Ismailia Governorate and

Alexandria Governorate which represerited clay loam, sandy and
calcareous soils, respectively. Ammonia volatilization losses from
urea reached 14.4, 26.7 and 32.6% of the applied urea fertilizer to clay
loam, sandy and calcareous soils, respectively. Whereas, ammonia
volatilization increased as a result of increasing calcium carbonate
content in the soil (calcareous soil) by about 2.3, and 1.2 times
compared to clay loam and sandy soils, respectively. Moreover, the
increases of ammonia volatilization from soil at 50% of water holding
capacity were 38, 76 and 88 % relative to those found at 100 % water
holding capacity after three weeks of applied urea to the investigated
soils, respectively. Also, application of cattle manure at rates of 2 and
5% decreased the amount of NH, volatilization from calcareous soil

by about 43.1' and 53.6 % at full water holding capacity. The

concentration of NH", in the soil solution increased due to application
of urea fertilizer particularly when cattle manure and clay content
were increased along with low water content in soil. Such increases
recorded 57, 135and 165% at the end of experiment (21 days) at low
mwoisture in clay loam, sandy and calcareous soils, respectively. On the
other hand, the values of nitrate concentration decreased w1th
increasing water content in the different soils.

So, the results showed that soil pH, water content and organic
matter content are major factors influencing ammonia losses from
soils compared with the other studied factors.

Keywords: Ammonia, :Volatilization, Urea, Clay. content, Organic
matter,Calcium carbonate, Moisture regime

Most agricultural soils are deficient in nitrogen for the growth of crops. This
deficiency can be overcome by application of fertilizers, but fertilizer nitrogen is
not allways used efficiently. Because of the relatively low manufacturing cost of
urea, and its low transportation cost per unit of nitrogen, there has been a
widespread move to urea as the major form of nitrogen produced and used.
However, there is concem about the efficiency of using urea-nitrogen for
agricultural crops, especially in flooded soil. In general, gaseous emissions of
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nirogen via ammonia (NH;) volatilization and denitrification have been
identified as the dominant mechanisms of fertilizer nitrogen loss in many
different agricultural systems (Peoples er al., 1995). Large losses of NH; from
applied fertilizer have been detected from soil, floedwater, and irrigation water in
many agroecosystems. Other variables which influence NH, volatilization
include the pH-buffer capacity and cation exchange capacity of the soil, levels of
urease activity, soil moisture, nitrification rate, and the presence of plants or
plant residues (Freney & Black, 1988). Losses of NH; measured from different
upland and lowland cropping systems have ranged from negligible amounts up
to > 56% of the fertilizer N applied, depending upon fertilizer application and
environmental conditions (Bacon ef al., 1986; Keller & Mengel, 1986; Black et al.,
1989 and Freney & Denmead, 1992). Some of the most important factors
regulating NH; loss are the concentration of NH'i-N, the temperature, wind
speed and the pH of the soil solution or irmigation water, since all these variables
markedly affect the partial pressure of NH;. (Denmead ef al., 1982 and Fillery
et al., 1984). Levels of N loss influenced by fertilizer compasition, and the rate
or timing of application {Strong et al,, 1992 and Dickmann ef al., 1993).

This investigation aimed to study the effect of clay content, calcium carhonate
percent, water and organic matter contents on ammenia volatilization from the
soil under aerobic conditions.

Material and Methods

Surface soil samples {0-15cm) were collected from three different sites; the
first sample was taken from Agricultural Experimental Station of the Faculty of
Agriculture, Ain Shams University, Qalubia Governorate. The second sample was
taken from Agricuitural Research Station, Ismailia Governorate and the last one
was taken from Burg El-Arab, Alexandria Governorate, Egypt (Table 1). The soil
samples were air dried, ground and passed through a 2mm sieve. Two incubation
experiments were conducted to study the effect of clay content, CaCO,, water and
organic matter contents on hydrolysis of urea and ammonia volatilization under
aerobic conditions at 20 + 2 °. The details are as foliows:

A. The objective of the first experiment was to study the effect of clay content
and initial soil- pH on hydrolysis and amemenia volatilization of urea at 50 and
-100% of water holding capacity. The nitrogen fertilizer was applied to the surface
of the soil at a rate of 200 kg fed™ (0.2g kg™' soil) as urea.

B. The objective of the second experiment was to study the effect of water content
and cattle manure application to calcareous soil on hydrolysis and ammonia
volatilization of urea. The cattle manure was applied at three levels, fe, 0, 22and 5 %
by weight of soil. Nitrogen of urea application rate and moisture content were as
previously mentioned in the first exPenmem The organic manure characterized by
ha\mg a total nitrogen of 15 9 gkg”, organic carbon of 258 gkg nitrate of 13.42
kg, ammonium of 3.47 gkg™* and C: N ratio of 16:1.
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TABLE 1. Some physical and chemical properties of the soils used.

[ Property Qalubia Soil  Ismailia soil Burg El— Arab soil |

Particle size distribution

(Vo)
Sand 12998 88.71 4379
Siit ) 36.10 - 7.12 25.99
Clay 3392 417 30.22

~ Texture class Ciav loam Sand - Clay loamn

Ec, {(dS.nm") 0.91 0.48 , ~1.60
pH1:2.5 ) } 7.45 ) 7.86 8.20
OM (%) I 112 0.30 0.73
Total CaCO; (%) - 4.19 - 2.60 31.00
Active CaCO, (%) . 0.53 0.24 12.55
Field capacity (%) . 43.25 , 18.29 39.28
Holding capacity 88.25 4147 82.46
CEC (cmol.igg' 50il) 2534 3.21 20.41
NH," (ing. Kﬁ soil} 28.15 9.76 19.60
NO, (mg Ky’ " s0il) - 19.24 4.58 .23

In the two experiments, Skg portions of soil samples were placed in spherical
flask to allow an ajr draft to help in collecting volatilized ammonia. The
volatilized NH; collection system (Fig. 1) used in this study was based upon
equipment designed as modified by Abou Seeda {1997).

Air pump

Ameaded
Soil
sample

Borie ueid Sulphoric acid

Fig. 1. Schematic diagram for volatilization apparatus.

Representative tested soil samples were taken from spherical flask at zero
time and daily for 21 days of incubation. The collected samples were air dried.
crushed, sieved through a 2-mm sieve and stored for nitrate and ammonium
determinations according to Keeney & Nelson (1982). Some physical and
chemical characteristics of the studied soils and manure were dclcrmmed b\
standard procedures (Black, 1965 and Jackson, 1973).
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Results and Discussion

Ammonia volatilization

As for the concentration of urea in soil, data presented in Table 2 show that
the ammonia volatilization rates were generally different from soil to another and
it gradually increased with time following urea application to the soil. This
finding was pronounced in sandy soil (Ismailia soil) comparéd to the other
studied soils, whereas the highest amount of the applied urea loss (6.97% from
the added urea} was found after ¢ days from urea application to sandy soil at 50%
of water holding capacity while at 100% of water holding capacity, the
ammonium volatilization rate was somewhat reduced to about 3.88% from the
added urea. Tt is clear also that the highest ammonia emission from clay loam soil
was found after 12 days following urea addition, where its value reached 3.87 and
2.41% of the applied urea from Qalubia soil and 8.12 and 5.38% from Burg El-
Arab soil at 50 and 100 % of water holding capacity, respectively. This result
indicates that increasing the water content of the soil led to increase the
movement of urea into soil and cause it to disperse and to be less concentrated.
Humphreys et al. (1988} reported that flood irrigation has been used to disperse
the granules of surface applied urea and wash the solubilized urea into the soil.
When this technique was used to apply urea for a subsequently flooded rice crop,
no ammonia was lost to the atmosphere. In this respect, after either 9 or 12 days
from urea application to the sandy soil or clay loam soils, the loss of ammonia
was reduced thereafter until the end of experiment (21 days). So that by the end
of study, 14.3, 26.68 and 32.6% of the urea had been lost at 50% of water holding
capacity for Qalubia, Ismalia and Burg El-Arab soils (clay loam, sandy and
calcareous soils), respectively. This finding was less observed at 100% of water
holding capacity as above mentioned. The total loss probably would not have
exceeded 14.3 to 32.6% of the applied urea to the investigated soils. These results
could be attributed to the consumption of oxygen by aercbic microbes. These
results are in good agreement with those obtained by Zhu (1992} who stated that
m flooded rice, NH; volatilization could account for 20 % to more than of the
total N lost from fertilizer sources. In other words, soil water content has the
greatest effect on the rate of urea hydrolysis and this rate does not change greatly
at water contents that are readily available to plants. These results are accordance
with those obtained by Al-Kanai (1991) who indicated that hydrolysis of urea is
promoted under conditions of elevated soil moisture (as already mentioned),
which can then enhance evaporation losses as Nii; and CO,.

Conceming the effect of soil pH prior to adding urea, it's clear that soils under
investigation vary in their ability to supply hydrogen ions, which are released
from soil clays and organic matter per unit rise in pH. In general, soils with more
hydrogen ion buffering have more clay and organic matter. So, sandy soil, usually
low in both, is typically very poorly buffered. The result is typically a higher pH
when urea is applied to sandy seil. Data given in Table 2, reveal that calcareous
soil (pH 8.2) had the least hydrogen ion buffering. So, the ammonia loss was
greater from it, such values increased by about 2.3 and 1.2 times as compared to
clay loam soil (pH 7.45) and sandy one {(pH 7.86). In other words, the higher pH
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allowed a greater proportion of the ammonia form, which resulted in more loss.
In turn, the Qalubia soil (clay loam soil} with most hydrogen ion buffering had
the lowest pH (7.45) and also the least ammonia loss. These results are in
harmony with those obtained by Tisdale et al. (1985) who reported that ammonia
volatilization 1s significant only if the soil surface pH value is greater than 7
where the urea is applied. These conditions occur'in calcareous soils or where the
urea breakdown creates alkalme conditions neat the fertilizer particle.

TABLE 2. Ammonia volatilization rates (mg Kg*! soil) from urea fertilizer in
- dlﬂ'erent soils.

Days after | - Qalubia (C!ay leam) Ismatia (Sandy) soil Burg El-Arab

application soil ‘ e  (Calcareous) soil
"50% HC | 100%HC | 50% HC | 100%HC | 50% HC | 100%HC
. ) mg.Kg™* soil .

3 0.77 0.52 2.4] 1.31 2.28 1.1t
6 1.46 0.86 3.65 2.19 5.09 339
9 2.41 1.72 13.94 .77 1.37 4.56
12 7.57 4.82 11.53 6.94 16.43 10.76
15 6.45 3.96 8.47 5.22 - 13.04 6.25
18 6.02 3.27 7.88 5.22 11.93 53
21 4.04 267 | 548 | 302 9.06 8.53
Sum | 28.72 17.82 53.36 31.67 65.20 ' 3990

* HC= Water holding capacity:’

Data in Table 3, indicate that increasing the application of organic manure
rates up to 2 and 5% reduced ammonia volatilization by about 43.1 and 53.6,
respectively relative to the control treatment (without cattle manure addition) at
100 % of water holding capacity. This result may be atiributed to increasing the
presence of urease enzyme in organic manure consequently promoted the form of
ammonium ions which can attach soil exchange sites thus slowing or stopped the
reactions leading to ammonium emission from the manured treatment particularly
when it's applied at the high application rate (5%). Rodhe et al. (1996) declared
that in addition to chemical fertilizer sources, NH; volatilization losses from
organic fertilizer can be substantial. But irrigation immediately after spreading
waste may significantly reduce NH; emission from the manured plots. They also
mentioned that the hydrolysis of applied urea increased with increasing urease
enzyme in the soil which highly correlated with the amount of both soil clays and
soil organic matter.

In this concern, McInnes er al. (1986) stated that the concentration of urease
enzyme was found to be 20 to 30 times higher in crop residue than underlying.
Therefore, urea placed directly on organic manure can rapidly form ammonium if
temperature and moisture conditions are conducive to urea hydrolysis.
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TABLE 3. Ammenia volatilized (mg Kg!' soil) from calcareous soil as 2 function of
urea fertilizer, organic manure and moisture regime.

Days after @ % cattle manure 2 % catile manure $ % cattle manure

application | $0%HC | 100%KC | sowlC | reonc | s0%HC | roevnc
mye kg urea fertilizer

3 228 i 21l 069 | 240 051

6 509 339 [ 375 1.16 294 1.53

9 L 737 4.56 360 233 3.20 207

12 1643 | 107 6.55 4.46 374 - 3188

15 13.04 625 1. 703 5.42 5.62 C491

18 11.93 530 | - 888 4.38 5.39 284

21 206 853 R 426 507 27

! Sum 6520 39.9 12.26 227 2836 | 1352

* [iC'= Water holding capacity.

Transformations of urea in soifls
The changes of NH'; and NO’; contents in clay loam, sandy and calcareous
_soils during the period of 21 days are recorded in Table 4. The obtained data
showed that ammonium and nitrate concentrations in different soils appeared
steadily increasing with time up to 9, 12 and 15 days following urea application
1o clay loam, sandy and calcareous soils, respectively. While after 15 days from
incubation, the ammonium and nitrate concentrations decreased in different soils
with time. On the other hand, the rate of nitrate concentration was higher than the
rate of ammonium concentration in both clay loam and sandy soils at 50% of
water holding capacity. While at 160% of water holding capacity, the opposite
trend was attained. This of course is a result of urea hydrolysis and nitrification
process that occurs in such conditions. It is worth to notice that transformation of
the added urea took an opposite pattern n calcareous soil at both 50 and 100% of
water holding capacity. However, soil factors that strongly influence
denitrification are oxygen, nitrate concentration, pH, temperature and organic
carbon (Peoples et al, 1995). Denirification occurs in soil aggregates and
anaerobic microsites which are heterogeneous by distributed in the soil (Parkin,
- 1987); or only when the soil water content is 76% of the air-jelled pore ‘space
(Linn & Doran, 1984). The obtained results in Table 4, confirmed the theory that
nitrate is the prevailing form of nitrogen in the soil. Addition of urca fertilizer
associated with increasing water content in different soils seemed to have
. retarding action on the nitrification process. The values of NH”; are bit higher in
the treatment with low water content compared to high water percent in the soil.
This finding is taking an opposite trend for nitrate. This phenomenon is well
known and sometimes raiscs the question about the fate of nitrate in soil. It may -
be ascribed to either immobilization by soil” microorganisms or the loss of
reduced nitrate forms. It should be noted that although the current experiment was
conducted under aerobic conditions, there are locations where anaerchic
conditions might prevail especially in clay Joam soil (Qalubia soil). Under such
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circumstances, possible nitrate reduction to various nitrogen oxides and even
nitrogen gases and consequently their volatilization. Similar results were obtained
by Norman et ai. (1987).

TABLE 4. Nitrate and ammonium contents (mg Kg''soil) as affected by urea fertilizer
hydrolysis in different solls. '

Days after Clay soil Sand soil Calcarcous soil

application - 50%11C 100%HC - 50%HC . 100 %HC 50%HC 1060%RC

niv | onor | s | onor | onme | oo | o | ovor | e | oo | e | nox

mg.Kg''soil.

3 4 Jim 204 5 Joe |ow [ ba? |3 Jan | a7 | ow
6 | s 2 P24 |36 Jam |2m [ [ J3m {75 |2
9 o0 fom fsw e |m Joe|ws e | [ |2
12 2w | Bst [ |ew oo |wor | e |40 [ | s |
15 s | am [ 26 | pe | nz o las o |0 | we | as
18 T oMz | o1Em 1748 wun | 42 937 ne | 8 | &R | 58 1757 | 33
2 am | sos | ue |en Jas |eer fost |ao [s0 Lawr | ms | am
Sin @» | Bs | e | @» | 2w | s | wo | e | oo | o | wwo | e

“*HC= Water holding capacity o

Concerning the effect of organic manure under different water contents on
transformation of urea in calcareous soil, data presented in Table 3, show that the
relative increase in both NH', and NO'; was noticed as a result of organic manure
application, regardless of soil water content. Such increase reached a maximum
rate after 12 days from urea application thereafier it gradually decreased. The
lotal increase at the end of experiment (21 days) when 2 and 5% organic manures
were used at 309 of water holding capacity were 75.4 and 72.9% for NH*, and
310 and 364% for NO'; as compared 1o the control treatment (without cattle
manure addition). These values represented about 29.5% of total applied urea lost
as NH', and from 44 to 50% as NO'y. These results confirmed the role ol organic
matter in reducing NH; volatilization from urea due to supplying protons and
electrons for the reduction process. It is also clear that under 100% of. water
lolding capacity, the total NH", ions were more than NO'; ones at both 2 and 5%
cattle manure application rate but the obtained values were stitl higher than the
corresponding ones obtained for the control treatment. This indicates that organic
mapure plays a vital role in increasing the nitrogen availability through
microorganisms activities, besides decreasing nitrogen losses by leaching and
volatilization (Mary er al., 1996). Moreover, urea is holding on the soil colloids
by weak forces giving a better chance for hydrolysis and nitrification.-

'3 Egypr. J.'S3il Sci. 44, No. 3 (2004)




448 - M. M. ELBORDINY

TABLE S. Nitrate and ammonium contents (mg Kg” soil) in calcareous soil as
affected by urea fertilizer hydrolysis as a function of ¢attle manure and

moisture regime.
:)l'::: 0% cattie manure T 1% .tallvi'é‘I.IllﬂlVl’C 5% catite manore
applhi:al-  S0%MC’ [ wewHC | sewmC. | wisne | sovnc 100%HC
ne Inoi o P nosl e psos e | soc] e | vor e | oy
3 i |en fasr jow | 2w 147 {246 | 0% s | ow } 20 | om
6 as |am s m: 2.35 oz {13 13 o Los | enl o
9 a3 ae [ a7 fza1 | 560 | use { yas0 fas3 f 256 }oasar | oassy | 53
12 20 (160 | 1we las fuw | wu | om na oo e | nsjom
15 636 [s68 | 1757 $a6 azss | wmss foaess fire ] zes [ | nes s
18 s 497 { 1am | | se | 2ot foss | om | 2 14.5; 634
a aw  fass se J100 | um | e | v a7 | an wn | 2 | sm
sm | 3% (%) oo [o1s) ve | @mx o ags | s | wosi f1arse | an

* HC= Water holdmg capamly

From the above mentioned results, it can be concluded that soil water content,

soil texture, soil pH and organic matter content played dominant roles in
. controlling the amount of ammonia loss. from surface applied urea. Moreover, the

management of nitrogen is of concern to farmers engaged in agricultural

production and to researchers and. environmentalists concerned with the effects of
- the lost nitrogen on climatic change. This aimed also at increasing the efficiency
of nitrogen fertilizer use by crops and pmwdes an, incentive . for reducing the
impact on the environment, -
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