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TDY REPORT
 

Dr. C.M. Gilmour 

Introduction
 

The primary objective of my TDY vJsit to Egypt has been to develop 

an experimental methodology suitable for the determination ot volatili

zation (N11 3 ) and denitrification (N2 0, NO) losses wit', urea fertilizer 

as the source of nitrogen. During my first week (October 2 - 7) 1 was 

introduced to the EMCIP staff and a number of our Egyptian colleagues. 

After considerable discussion a work p.an was developed. 

Work Plan
 

Study Location: ARC - GIZA, GEMMEIZA and SIDS Research/Extension Centers
 

Objectives
 

A. 	Laboratory Studies
 

1. 	To calibrate the chemical assay methods for the determination of
 

NH3and the detection of Nox nitrogen.
 

2. 	 To conduct laboratory experiments designed to provide preliminary 

data on volatilization and nitrogen losses.
 

B. 	Field Studies
 

1. 	To determine the loss of urea nitrogen under different methods
 

of fertilizer placement (surface, incorporated and drilled).
 

2. 	To evaluate the effect of irrigation timing on soil nitrogen
 

losses.
 

C. 	Report
 

It is expected that both the l'boratory and field data will be
 

used to modify or support current recommendations for the use of
 

urea as a nitrogen fertilizer. In addition, it is hoped that the
 

laboratory tests for vnlatilization and denitrification losses will
 

comrare favorably with the data obtained under field conditions.
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If such proves to be the case then the less expensive and time
 

consuming laboratory tests can become predictive for large field
 

areas.
 

Facilities and Personnel
 

After discussions with Dr. Nabil Alaa El Din it was decided that
 

the ARC Soil Microbiology Laboratory would be used as the central assay
 

laboratory. In addition, Dr. Mohamed Eid Ahd El Meguid would serve as
 

the primary Egyptian co-investigator for the study. In the field
 

Dr. Boyce Williams, Dr. Virgil Smail, Mr. Sayo'l Khalik (Sids),
 

Dr. Rashad Abou El-Enein, Dr. Abd Maboud Shaty, Dr. Fathi Farag
 

(Gemmeiza) and Dr. Abdel Salam Gomaa were directly involved in the field
 

design. Because of his earlier studies and valuable experience in the 

area of volatilization losses, Dr. M. Riyad I'amissa served as a consultant. 

Technical assistance was provided by Mr. Aly abd El Hafiz Ali, Mr. Fathi 

Tewfik Mechaiel and Mr. Htamdy Ahmed Anbar Mustafa. 

Historical
 

In early classical review articles Allison (1955, 1965) called
 

attention to the difficulty in attaining acceptable soil-iltrogen balances
 

and, in doing so, emphasized the vast interlocking system of nitrogen 

loss pathways. Various studies (Allison et al., 1962; Cady and Bartholomew,
 

1961; Clark and Beard, 1960) conducted under laboratory conditions showed
 

that, when non-excessive rates of inorganic nitrogen fertilizer were used
 

and the system maintained in the aerobic state, little nitrogen was lost
 

at optimum moisture levels. Poor rec~veries attribur-bleto ammonia
 

volatilization were normally not enco'ntered. However, the volatilization
 

pathway is now given greater attentior primarily because of increased
 

use of ammoniacal nitrogen sources an- the extensive use of urea. Meyer
 

et al., 1961; Burton and Jackson, 1962: Harding et al, 1963 showed that,
 

when urea is applied as a top dressing on grassu or even bare soil,
 

ammonia losses may range from 15-25% of the input urea nitrogen. Broad

bent et al, 1958, stressed the importance of temperature in respect to
 

rate of urea hydrolysis. Hamissa and Shawaibi, 1962, reported less than
 

1% ammonia loss at a soil temperature of 60C and a 4.2% loss at 310 C.
 

These authors also observed that relatively low volatilization values were
 

obtained on the acid side of thE pH scale (pll 6.2) and that only a 0.02% 
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loss was shown when the urea fertilizer was placed 2 cm below the surface. 
These and other studies make clear that the 
rare and extent of ammonia
 
volatilization increase 
with soil pH, fertilizer concentration, decrease
 

in moisture content and increase in soil temperature.
 

Mortland, 1958, presented a classical review of the fate of ammonium
 
ion reactions in soils. 
 The ammonium ion may be chemically absorbed by
 
clay minerals and organic matter, physically fixed by soil colloids or it
 
may be in -he soil solution. Of special interest is the fact that losses 
areinversely related to soil exchange capacity which places special
 
significance on the nature and amount of 
 clay minerals in the soil. 

Studies by Fenn et al., 1)73, 1976, 1982, again called attention
 
to the volatilization 
 losses encountered with surface applied urea on
 
calcareous soils. Unfortunately these studies were carried out at
 
velatively high soil temperatures 
 and thereby maximized 'he losses. 
However, Fenn et al., 
 1982, did present an interesting approach to effect
 
decreases in volatilization losses. 
These authors offered the hypothesis
 

+ + +that NH4 , Na or K indirectly decrease + 4+fNi14 loss by replacing Ca on 
the exchange sites ;llowing precipitation of Ca +as 
 CaCO 3. Thus, the
 
concomitant use of urea and other fertilizers (NH4 NO3 , NH4 CI, KNO 3 )
 
would decrease losses with surface-applied urea. 
 Their data support 

this recommendation.
 

The above brief comments on past studies 
were not intended to give
 
full coverage of the literature on soil nitrogen losses butrathei- to
 
focus on key aspects of the volatili'ation process particularly in
 
respect to mediating factors. It 
is zlear that temperature. pl, CEC,
 
fertilizer concentration and moisture level are the primary factors which 
determine the process rate. 
 Any one factor can markedly increase or
 
decrease volatili7ation losses and consequently cannot be ignored.
 

Denitrification is a biological process resulting in 
the reduction
 
of NO- N to gaseous N20
 , NO and N2* It should be differentiated from
 
the reduction of NO3 to NO 2 which can be 
termed nitrate reduction. In 
both cases NO3 is being used as the terminal acceptc.r of hydrogen during 
the oxidation of carbohydrate to CO2 Anaerobic conditions are required 
for the complete reduction of NO3 to N2 0 and N2 , whereas can beNO3 

reduced to NO2
- under aerobic conditions (McGarity et al, 1958; 
 Gilmour
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et al., 1964). Many other invesuigators have show that the partial 

pressure of oxygen, the dissolved oxygen content of the soil solution 

and the presence of readily oxidizable carbon represent the key mediating 

fa-ters for denitrification (Allison et al., 1960; Cady and Bartholomew, 

1961; Woldendrop, 1962). Under field condition; denitrification losses 

can be extensive at high moisture levels providod that sufficient ammonia 

has previously been converted to nitrate. Fortunately, thf, oxidjition 

of ammonia and the reduction of nitrate are not complementary processes 

thereby allowing nitrate to accumulate under ;lL'1oh1i c condition.-,. However, 

with the coLsetof the anaerobic state (irrigation), the accumulated NO3 

can be quickly lost in the form of gaseous end products if sufficient 

soluble carbon is present. The hoterotrophic microorganism which can 

use nitrate as the terminal acceptor cf hydrogen must have available 

carbohydrate; otherwise the entire denitriflicat ion process is markedly
 

diminished. For this reason the addition of readily oxidizable organic 

residues can promote denitrification inder aeaerobic conditions.
 

A final loss pathway involves the non-enzymic conversion of nitrite 

to nitric oxide (ullstein and (lmour, 1964). These authors presented 

a conventional half-cell reaction as follows:
 

X + NO - + I+ +N+ 1420 . X can be a transition - like 

metal such as manganese, iron or copper. If soils contain considerable 

quantities of reduced Fe -4and Mn++and NO2 - is present, the reaction could 

account for significant losses of fertilizer nitrogen. 

In summary, it is clear that the avenues whereby urea nitrogen may
 

be lost as a plant nutr-.ent are diverse. Under the right conditions
 

each one: volatilization, denitrification and the non-enzymic oxidation
 

of NO2 can result in significant losses of nitrogen. On the other hand,
 

such losses can be greatly minimized i due attention is given to the
 

factors which mediate such reactions.
 

-


A summary of the reaction sequenccs is given in Figure 1.
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TECHNICAL REPORT 

Laboratory Studies
 

As indicated in the work plan, the laboratory studies were designed
 

to provide data on volatilization and denitrification losses as a guide 

for the )rojected field experiments. It was expected that the results 

would confirm the accuracy of the methodology and thus provide a sound 

basis for the more expansive field trials. The objectives have bocii 

stated in the work plan on page 1 of this report. 

Materials and Methods
 

Bulk soil was collected at both the Sids (field 6) and Gemmeiza 

(field 13) stations. The soil was pul-erized, air dried and passed through 

a 10 - mesh screen. The Sids soil is e:n-saline and non- alkaline. The 

soil texture is clay loam. Cation exchange capacUry is high (> 40 meq/ 

100 g soil). The Gemmeiza soil is also non-salino and :ion-alkaline and 

has a clay loam texture. Cation exchange capacity is hl,'h (> 43 meq/ 

100 g soI). The above information was obtained fron EMCI jJLblication
 

14 (Dr. N.M. El Mowelhi and Dr. B.C. Williams)
 

Fisher 2 L pressure flasks were used as the soil contoiners. These 

flasks were fitted with a rubber gasket and metal spring attachemenL so 

that the glass top provided a closed system. One kg of soil was placed 

in the flask and distilled water added to give 50-60 % of soil WHC for the 

surface-applied urea treatments. Following the addition of water, urea 

(140 mg) wac sprinkled on the soil surface. 'Two plastic vials, one 

containing 0. 1 N H2so4 and the other 0. 1 N NaOH were placed on the soil 

surface and the flask closed. For the deep placement of urea 500 g of 

soil were placed in the flask and water added to give 50-60 % of the W11C. 

Then urea was sprinkled on the surface and 
covercd with an additional 

500 gof soil. The top layer of soil was also brought to 50-60 % of the 

WHC and the absorption vials placed or the soil. All tests were set up 

in triplicate and incubated at 20ai22°C 

' 
The analysis for NH3 - N as the er product of volatilization of urea 

was predicated on the need for a method applicable to field tests. An air 

flow system geared to sweep the evolved Nil 3 into an appropriate absorbant 
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(H2so4) was not considered because of the lack of electrical (pump) power 

at the field sites. Admittedly such a procedure would be preferred. [n 

consequence, vials containing 0.1 N I2SO 4 were used to absorb the evolved
 

Nil 3 in the closed pressure flask. The amount of absorbed Nil 3 was deter

mined by conventional nesslerization of the 0.1 N 12S04 and referlnce 
to a previously prepared standard curve which covered a range of 0-300 lJig 

Nil 4 N/50 ml. 

A similar situation existed for the denitrification end products
 

(NOx). Gas chromatography would have been the method of choice. 

Again,however, the projected field studies dictated that we use an 

alternate procedure. Studies by Wullstein and Gilmour, 1964, had shown 

that a weak base can be used for the absorption of N9 0 and NO. t'herefore 

0.1 N NaOH was used as the absorbant for these gases and the amount 

determined by colorimetry using the NO,) test (011ifanilamide and N

(naphtylethylenediamine) . The range for the NO2 standaid curve was-

0-15 lig NO2 - N/50 ml. In the case of N 0 and NO analysis, the intent 

was no. to obtain a complete accounting of the denitrification ond 

products since N2 was not included. Instead N0 was looked upon as an 

indicator gas by which information could be obtained relative to che 

comparative magnitude of the volatilization and denitrification processes.
 

Three individual phases were studied. The first study was designed 

to test the analysis system for NH 3 & NO gases nd to simulate a wettingx 

and drying soil moisture regime. Phasc one was designed to demronstrate 

potential volatilization losses. The flasks were opened during phase 

two so that nitrification would take place. At the end of phase two 

the flasks were again closed 1o create anaerobic conditions for the 

formation of denitrification end products, No N gases (phase 3). 
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The following time schedule was used:
 

Start
 

October 19 (Flasks closed)
 

I Phase 1 - Volatilization - Denitrification 

October 20 October 24 
 October 26
 

Analysis for Nil3 NO29 NO
 

Flasks open - Ocotber 26 - November 3 

d Phase 2 Nitrification
 

Flasks close - November 3 - November 7
 

Phase 3 - Denitrification 
Analysis for NO, - November 7
 

A second study was carried out for the purpose of determining
 

the influence of urea concentration on volatilization of ammonia.
 

Only surface-applied urea was used at 
concentrations of 70, 140, 210,
 

280 and 350 mg urea/kg soil. Duplicate flasks were incubated at 200 C
 

for 4 days and 
 the samples assayed for NH3 . A similar experiment
 

was conducted 
to evaluate the effect of temperature and urea concen

tration on ammonia volatilization. In the latter case soil tempera

tures were adjusted prior to incubation by the addition of water and
 

the flasks placed in coitrolled temperature incubation (35 °C, 30 °C,
 
0
20 0 C and 10 C). Ammonia volatilization was determined after 7 days'
 

incubation. These tests were 
set up in triplicate.
 

Results
 

The laborato:y data given in Table I summarize volatilization
 

losses for the Sids and Gemmeiza soils. In the 7-day test period
 

the greatest loss was observed during the 
first 48 hours with far
 

less volatilization noted during the 
2-4 day and 4-7 day incubation
 
2
periods. All three indices of volatilization, total og NH , og NH 3 /cm
3 


and % loss depicted similar trends. Surprisingly enough, the overall
 

percentage losses of urea-nitrogen of 0.64 for the Gemmeiza clay soil 



and 0.68 for the Sids clay soil are low. However, the relatively low
 

urea concentration (140 mg) and moderate temperature (20 0 C) may have
 

combined to give less volatilization f ammonia. Data on fertilizer
 

placement are given in Table 2. It is clear that the procedure used 

(absorption of NH3 in I N H2so4 and nesslerization) showed the marked 

increase in volatilization with surface-applied urea and decrease in 

tests with deep applications of urea.
 

Table 1. 	Ammonia volatilization with surface-appled urea
 

Time Gemmeiza 	 Sids
 
(days) NH _3_ 2
 

g lgc2+ %loss**
 

Pg 	 %loss Ig/cmjig hg/cm %loss 

0 - 2 283 2.50 0.45 356 3.15 0.45 

2 - 4 100 .88 0.15 66 0.58 0.10 

4 - 7 26 .23 0.04 10 0.09 0.02 

Total 409 3.61 0.64 432 3.82 0.68 

* 

Based on an input NH 4 - N of 63 mg
+ 	 asdoasol2 

Based on a soil surface area of 113 cm 

Table 2. 	 Influence of fertilizer placement on volatilization of
 

ammonia.
 

Time Gemmeiza clay Sidc clay 
(days) , 

%loss 

Surface deep Surface deep 

0 - 2 0.45 0 0.56 0.05 

2 - 4 0.15 0 0.10 0.02 

4 - 7 0.04 0 0.02 0.00 

Total 0.64 0 0.68 0.07 

Based on urea N input of 63 mg
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At this juncture in the study it became evident that temperature 

and urea concentration played highly significant roles In the volatili

zation process. Certainly earlier literature had also stressed tem

perature and fertilizer application rates as key mediat ng factors. 

Table 3. 	Influence of temperature and urea concentration on volatili

zation after 7 days' incubation with Cemmeiza soil.
 

Soil 0 1g/cm	 2 
g 	 % loss
 
0
Temperature C	 140 mg urea
 

30 497 4.39 0.78
 

24 317 2.80 0.50
 

18 125 1.10 0.19
 

14 68 0.60 0.10
 

350 mg urea
 

30 1900 16.81 1.20
 

24 840 7.43 0.53
 

18 180 1.59 0.11
 

14 125 1.10 0.07
 

The results showl in Table 3 attest to the aformentioned observations. 

Only 0.1% of the input nitrogen was lost at a soil temperature of 

14 °C with the 140 mg urea level and 0.07% at the higher 350 ng urea 

application rate. Indeed, as the temperature fell below 20 °C , 

volatilization loss decreased rapidly. As might be expected, greater 

total losses of nitrogen were observed with the higher 350 mg urea 

rate. Additional data on the concentration factor are given in 

Figure 2. 
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Table 4. 	 Production of NO, as indicators rof enzymic and
 

non-enzymic reduction of nitrite and niLrate
 

Fertilizer Gemmeiza (13) * Sids (6)
 
Placement % loss
 

- glucose
 

Surface 0.0010 	 0.o010
 

Deep 0.0004 	 0.0007
 

None 0.0007 	 0.0006
 

+ glucose
 

Surface 0.0030 0.0076
 

Deep 0.0010 0.0017
 

None 0 
 0
 

, 
Based on urea N input of 63 mg
 

Denitrification trends and non-enzymic conversion of NO 3 and
 

NO2 to gaseous end products are given :n Table 4. It should be
 

understood that the data do not include N2 and thereby present only
 

a partial picture of the operation of these reduction pathways. In
 

any case the data point to little loss of urea nitrogen in the form
 

of NOx gases. The addition of glucose increased losses 3x and 7x
 

with the Gemmeiza and Sids soils, respectively. The lack of an
 

available carbon source would decrease denitrification and indeed
 

this may be tie key limiting factor in such soils.
 

Field Studies
 

With completion of the laboratory tests, it was decided to design
 

field trials. Two sites were selected,namely, Gemmeiza (field 13)
 

and Sids (field 6). The objectives are given in the introduction to
 

this report. These are limited to measurement of volatilization and
 

denitrification losses and do not include other agronomic objectives.
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Materials and Methods
 

The experimental design was split-strip block with 4 leplirates. 

Plot area was 3.5 M x 2.6M with an area of I!. ". 48 plots were used. 

Fertilizer rates and irrigation schedunIIS werCe as fo Ilows 

PlotsFertilizer Treatments 


1,7 - 60 kg urea-N broadcast 1, 24, 34, 39, 7, 18, 28, 44 

2,8 - 30 kg urea-N broadcast 2, 23, 33, 37, 8, 17, 22, 43 

3,9 - 60 kg urea-N incorporated 3, 22, 31, 42, 9, 16, 25, 48 

4,10 - 30 kg urea-N incorporated 4, 21, 32, 41, 1G, 15, 26, 47 

5,11 - 0 nitrogen 5, 20, 35, 40, 11, 14, 29, 45 

6,12 - 60 kg urea-N drilled 6, 19, 36, 38, 12, 13, 30, 46 

All plots received 15 kg P05and 24 kg K20. 

Irrigation of Plots - Immediately following fertilizer application 

plots 1-6, 19-24, 25-30 and 43-48; 24 hours after frtilizer applica

tion - plots 7-12, 13-18, 31-36 and 37-42. 

Crop - Giza 157 wheat seed planted just prior to fertilizer 

placement.
 

Gas Collection and Analysis
 

As in the laboratory studies, evolved gases were trapped or absorb

ed in 0.1 N 112 S0 4 and 0.1 N Na0H. Metal ccntainers (Egyptian boiling 

pots) were used as the field jars -o trap the gases evolved. These 

pots have a di'.meter of 32 cm and are 46 cm i,, height. After the 

the ;oil s arface and plasticaddition of urea a brick was place,' on 

vials containing the absorbants we .e placed on the narrow edge of th
 

brick. The open end of the metal ield pot was lowered over the brick
 

and pressed 3-4 cm into the soil. Soil was then packed around the
 

bottom of the pot and sprinkled on the top (closed end) to minimize
 

any potential heating effects inside the container. Field pictures
 

are shown in figures 3 and 4.
 

The H 2So4 and NaOH field samples uere transferred to glass tubes,
 

capped and taken to the Soil Microbiology laboratory ac the ARC for
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Figure 3: Alignment of trap system for gaseous evolution
 
in the field.
 

Figure 4: 	 View of trap system showing containers of acid and
 
alkaline so!-tions on brick before covering with
 
baladi boiling pot.
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analysis. Chemical determinations were conducted for Nil and NO× gases 

as described for the laboratory tests. The data are expressed onl
 

a Vg basis and loss indices as nitrogen lost/cm2 and overall percentage
 

loss. The four replicates were combined to give a mean value for eight
 

samples. Samples were taken on day 7 and day 21.
 

Results
 

Volatilization data for the Sids clay soil are given in Table 5.
 

Very low values were obtained for the 0-7 day Interval whereas moderate 

ammonia evolution trends were observed for the 7-21 day period. However, 

in line with the laboratory results, the plots receiving surfac(-applied 

urea produced a much higher loss of nitrogenl than with the other fer

tilizer treatments. The 60 kg drilled fertilizer plot showed only 

a minimal 	 loss of nitrogen (0.12%). In all cases theI oss was s 

than 1.0% 	of the input nitrogen.
 

Table 5. 	Observed volatilization of ammonia with the Sids clay soil 

after 21 days' incubation (Nov. 10 - Dec. 1, 1982) 

Treatment wg - Ni 3 Total gig/cm 2 % loss 
Kg urea-N ____days_______ g - Nil3 

0 -7 7 - 21 

60 - surface 210 5000 5210 8.68 0.61 

30 - surface 170 1600 1770 2.95 0.41 

60 - incorporated 185 1900 2085 3.47 0.24 

30 - incorporated 105 1400 1505 2.50 0.35 

60 - drilled 80 960 1040 1.73 0.12 

None 	 75 540 615 1.02 -

2
% loss -ed on input of 854 mg N/600 cm urea nitrogen for the
 
9 

60 kg plots and 427 mg N/600 cm2 for the 30 kg plots.
 

Data on the enzymic (denitrification) and non-enzymic reduction 

of nitrate and nitrite are shown in Table 6. Very small losses were 

observed in the Sids plots. As with the volatilization readings, grea

ter nitrogen losses were found wich surface-applied urea, an indication 
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of some oxidation of NH4 + to NO and NO3-, particularly during the2 

7 - 21 day incubation period. However, on a comparative basis,
 

volatilization losses were over lOOx greater than either denitrifica

tion or non-enzymic losses.
 

Table 6. 	Observed conversion of nitrate and nitrite to NOx gases
 

with the Sids clay soil after 21 days incubation (Nov. 10 -


Dec. 1, 1982)
 

Treatment ig - N20 No Total .ig/cm % loss , 

Kg urea-N 	 days _ ig - N2 0, NO 

0 - 7 7 - 21 

60 - surface 7.5 24.7 32.2 0.05 0.0037
 

30 - surface 5.4 8.9 14.3 0.02 0.0032 

6C - incorporated 5.8 16.8 22.6 0.04 0.0026 

30 - incorporated 5.5 13.3 18.8 0.03 0.0044 

60 - drilled 4.6 6.8 11.4. 0.01 0.0013
 

None 
 1.2 0.3 1.5 0.002 --

* 	 2 
% loss based on input of 854 mg N/600 cm - urea nitrogen for the 

60 kg plots and 427 mg N/600 cm2 for the 30 kg plots.
 

The Gemmeiza nitrogen losses via the volatilization pathway are
 

presented in Table 7. As with the Sids data, far greater release of
 

ammonia occurred during the 7-21 day period. Total loss of nitrogen
 

during the 21- day test period was over 4x greater with the surface 

application than with the drilled fertilizer. Tfhe other fertilizer
 

treatments also showed less volatilization than the 60 kg surface 

treatment. Losses expressed in term of vig/cm 2 and on a percentage 

basis clearly indicate that the incorporation or drilling of the ferti

lizer markedly decreases the volatilization of urea nitrogen. However, 

as was observed at the Sids site the Gemmeiza volatilization losses 

cannot be regarded as extensive even though the loss for the 60 kg 

surface application exceeded 1.0% 
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Table 7. Observed volatilization of ammonia with the Cenuneiza clay
 

soil after 21 days incubation. (Nov. 16 - Dec. 7, 1982)
 

Treatment pg - Total 1jg/cm 2
NH3 % loss

Kg urea-N
 

Kg days 
 jig- NH3
 

0 - 7 7 - 21
 

60 - surface 2400 7600 10000 16.6 1.17
 

30 - surface 1440 2240 3600 6.0 0.84
 

60 - incorporated 960 4000 4960 8.2 0.58
 

30 - incorporated 1040 2480 3520 5.8 
 0.82
 
60 - drilled 640 1600 2240 3.7 0.26
 

None 320 
 40 360 0.6 --

Based on 
a input urea nitrogen of 854 mg, for the 60 kg application
 

and 427 mg for the 30 kg rate.
 

Comparative denitrification and non-enzymic data are shown in
 

Table 8. Only low level releas,, of NOx gases was detected. As with 

the volatilization data, higher losses were found for the 60 kg 

surface application which indicated that nitrification had provided
 

nitrite and nitrate. Yet, on a comparative basis, volatilization far
 

exceeded (> 100x) denitrification and non-enzymic losses.
 

Irrigation timing (immediate versus 24 hours after seeding and 

fertilizer additions) had no significant effect on the volatilization
 

and denitrification of the urea.
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Table 8. 	Observed conversion of nitrate and nitrite to NOxgases
 

with the Gemmeiza clay soil after 21 days incubation.
 

% loss
Treatment pg - NH3 	 Total lig/cm 
Kg urea-N
 

_g days __ g-N 20-NO 

7 7 - 21 

16.2 0.027 0.0018
60 - surface 2.8 13.4 


10.7 0.017 0.0025
30 - surface 2.4 8.3 


60 - incorporated 1.6 9.5 11.1 0.018 0.0012
 

30 - incorporated 2.4 6.4 8.8 0.014 0.0020
 

60 - drilled 2.0 
 8.1 10.1 0.016 0.0011
 

0.8 0.001 ---

None 	 0.5 0.3 


Based on an input of urea nitrogen of 854 mg for the 60 kg applica

tion and 427 mg for the 30 kg rate.
 

The laboratory (Table 1) and field data (Tables 5and 7) call 

attention to the overall similarity of the results for surface

applied urea. If fertilizer concentration and temperature are ignured, 

essentially identical 
percentage losses were obtained (laboratory 

0.68% and field - O.o%) in the Sids clay soil. However, the Gemmeiza
 

field tests showed higher volatilization losses (1.17%) than were
 

observed in the laboratory (0.64%). In general, both the laboratory
 

and the field studies provided evidence that only minimal volatilization
 

had occurred.
 

Discussion
 

A primary objective of the study was to develop a procedurc whereby
 

volatilization and denitrification losses could be measured and
 

evaluated under field conditions. The laboratory experiments provided
 

the necessary procedural information. One important constraint was
 

sites
the lack of an electrical power source at both the Gemmeiza and Sids 


In consequence,
which prevented the use of an air flushing system. 


the absorption technique was adopted with the realization that complete
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capture of evolved gases might not occur. It was hoped, however, 

that the absorption technique would pr. vide comparative data. The 

results of the laboratory and field tests supported this contention. 

The observed differences in volatilization between surface, incorpora

ted and drilled fertilizer amply attested to the validity of the 

absorption method. Thus, valid treatment comparisons were possibIt,. 

Early literature (Hamissa and Shawari, 0i'2) demonstrated that 

greater volatilization losses occur with sUrface-applied trea. Our 

study supports this observation, particularly i, the case of the 

field data. Thus, the current recommendation that urea should be 

either incorporated or drilled into calcareous soils is indeed valid. 

This point takes on added significance when calculations are made 

involving total feddans planted to wheat and the net loss in fert-ilizer 

investment. A loss of 1. 17% of urea nitrogen with surface-appliod 

urea (60 kg) at Gemmeiza would mean approximately 1 kg lost per feddan. 

With a total of 1.4 million feddans in Egypt planted to wheat and the 

cost of urea L.E. 6.40/50 kg, nerly .. . 40),OO0) are lost per seaaon 

by surface volatilization. 

Other questions arising from the current study require considera

tion. Although the volatilization losses rarely exceeded 1.0% in our 

study, other published papers have- reported losses ranging as high as 

10-20% of applied urea nitrogen. Such losses should be deifined in 

turns of the conditions under which they occurred. For example, high 

soil temperatures (300-40°C) undoubtv '- increase volatilization rates. 

In addition, as the calcium carbonate content of a soil rises so does
 

the volatilization process. These and other chemical and physical 

factors must be considered when attempting to prtdict the overall 

percentage loss of nitrogen. In the present study, the soil tempera

tures at the Cemmeiza and Sids stations ranged from 12 0C to 16 °C. 

Such low temperatures would tend to decrease both the rate and the
 

magnitude of the volatilization of urea. The observed lag (0-7 days) 

in the release of NH3 , NOc gases followed by a marked increase in the 

7-21 day period may also reflect the low soil temperatures at both test
 

sites. It is not surprising, therefore, that relatively low volatili

zation of urea nitrogen was found with both the Gemmeiza and Sids clay
 

soils. Nevertheless, the volatilization problem cannot be ignored
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during the Egyptian winter crop season but can be minimized by incor

poration of the urea.
 

A large number of microbial species can reduce nitrate to nitrite
 

(nitrate reducers) and selected species have the enzymes requisite for
 

the complete reduction of nitrate to gaseous end products (denitri

fiers). Under the right conditions these biological reductive path

ways (Figure 1) can result in extreme nitrogen losses. Two key soil
 

states must exist. Since nitrate is being used as the terminal acceptor 

of hydrogen during the oxidation of soluble carbon, it is imperative 

that sufficient carbon be present. Otherwise little or no microb ial 

utilization of nitrate as a terminal hydrogen acceptor will occur and 

thereby far less nitrogen will be lost as diMors of N gases (NOx) . It is for 

this reason that the addition of glucose (Table 4) increased the loss 

of nitrogen in both the Sids and Cewmeiza clay soiis. A second con

straint when using urea as the fertilizer is that the oxidation (nitrifica

tion) of NI! 4 to NO and NO must supply adequate quantities of the 

terminal acceptor to meet the respiration demands of the denitri fiers. 

The observed increase In the release of NO ,: es (Tables 6 an" 8) 

during the 7-21 day period undoubtedly reflects the buildup of nitrate 

or nitrite in the test system. However, low temperatures and a low 

partial pressure of 02 will inhibit the nitrification process. On the 

other hand, anaerobic conditions favor the utilization of nitrate as 

a terminal acceptor of hydrogen. When all these factors are considered, 

it is not surprising that little evidence of extensive biological 

conversion of nitrate to gaseous end pronucts was found. AdmitLedly, 

N2 was not determined and furthermore The use of No.. gases as indi

cator gases cannot establish the denitrification potential of the test 

soils. Yet, if all these factors are considered, namely, low levels 

of soluble carbon, low temperatures, moderate 02 tension and insufficient 

nitrate, we are led to the conclusion that at least during the winter 

period, denitrification is not a major loss pathway. 

The aon-enzymic reduction of nitrite to nitric oxide could not be 

accurately eval,,ated. However, preliminary laboratory experiments 

involving the addition of NO2 and reduced iron to the Gemmeiza clay 

soil indicated that nitric oxide was formed. The relatively high iron
 

and manganese content of the test soils provides at least one reaction
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component and, if nitrite appears, the reaction may proceed. Certainly 
low level and often non-detectable quantities of evolved nitric oxides 
could, over long periods of time, constitute an important loss pathway, 

particulan,- in soils with high transition metal contents. 

,- I Jpoilat for dis cussion relates to the physical and chemical
 

natUrt of the (;Oeme iza and Sids clay 
soils. Wit soil incorportLted
 
urea, the 
 i)igh clay content of 1oth soils provides maximumn exchange 

+sites for holding the Nil4 cation on tie base exchange complex, in
 

addition, the mootrnorii 
Ionite cl iv and l-o.1l'td expandIli clay la ttice give 
ample opportunit. for fixation of the NIl,+ c;t iOn. BOLetuse of the
 
relatively low en ic ur carbonate le l (1-2,,) 
 tho ;e :;oils cannot hi
 
characterized as calcart,ous. Tho immobil i at ion of 
 ammonium nitrogen
 
in both the organic matter fract ion 
 of :soi 1 ;11nd in the form of
 
microbial protein also reduces the potnt i.1 1 
 m i vl ;tt:Ii lization. AI11
 
such factors should be considered 
 in the ovalunation of volatilization
 

and denitrification 
losses.
 

Suttmltar 

1. 	A laboratory and 
field procedure was developed to evaluate
 

volatilization and denitrification p.thways of niltragen 
loss
 

with urea as the source of nitrogen.
 

2. 	With the Cemmeiza and Sids clay soils, volatilization losses
 

rarely exc.eded 
1% of the input urea nitrogen. This rather low 
volatilization value is explained primartly on the basis of low 

soil temperatures characteristic of the Egypt Ian 
winter period. 

3. 	 Surface-applied urea showed far greater volatilization losses than
 
were found for drilled or incorporated urea. 
 On a fertilizer
 

management basis, surface application 
of urea should be avoided.
 

4. 	Under the conditions of this study, 
non enzvmic and enzytic ,e.n
itrification did not constitutte a 1taor less pthwy sinc 
leases
 

rarely exceeded 0.002% of the input 
urea iii troen. These very low 

values are explained promartly on the basis of the low soil tem

peratures and 
the lack of nitrate and oxidizable carbon.
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5. Non-enzymic losses relating to the oxidation of Fe - to Fe+ and

+ 44 


concomitant reduction of NO2 
 to NO were not resolved but deserve
 

further study.
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