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Effect of nitrogen sources on ammaonia volatilization, grain vield
and soil nitrogen losses in no-till wheat in an Argentine soil
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IstrobDUCTION. — Several factors affect loss of ammonia from nitro-
gen fertilizers; e.g.: 1) soil properties; i) crop management, it} environ-
mental factors and iv) fentilizer management (CLay e al., 1990; Fox and
PierieLer, 1993). Fertilizers applied to soil surfaces can lead to impor-
tant losses of ammonia via volauhzauon (Fice and Saaumi, 1984; Warson
et al., 1994). The most frequent fertilization technology for no-ull crop-
ped wheat in Argentina and elsewhere is just broadeast urea on topsoil
at tillering. Additionally. this cropping svsiem enhances urease actvily
(KakLen e al., 1991 Grant and Laronp, 19945, and consequently, it is
expected that ammonia volatilization losses should be high. Local expe-
riments corroborated high ammonia Tosses (Garcta of al, 199 Sane
Rosas er al., 1997; PaLsa er al., 1998), and these data cavsed concemn 1o
farmers because of economical fusses,

From the environmental point of view, increasing concentrations of
ammonia in the atmosphere can cause agrosols fermations, which are
components of smog and acid rain. Therefore both economic and envi-
ronmental viewpoints, much attention must be given to these losses,
Different technological alternatives may reduce nitrocen volatihzation
losses, such as the use of other fertilizers rather than urea: nilrates or
controlled release fertilizers (Trenker, 1997). The anumonia losses under
field conditions vary between [ and 50 % of nitrogen applied to the soil
surface (GranT ef al., 1996). These nitrogen losscs can decrease crops
vield, but several experiments with wheat in the Argentinean Pampas
showed that yields are not related to the volaulizanon losses of several
nitrogen fertilizers (ALvarez er al., 2000).

Both ammonia volatilization and nitrification are differentially
affected by ammonia concentrations. When the applied ammonia 15
lower than nitrogen critical concentration in soil only nitrification pro-
ceeds. However, when it is higher, occurs ammonia volatilization fol-
lowed by nitrification (Praveen and Accarwarl, 1998). On the other
hand, Lapua er gl (20003 found no residual effects of urea fentilization
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after 14 years of application. Even in some fields N bilance was sligh-
tly negative. We hypothesize that zmmonia volatilization Trown urea was
compensated with higher apparent =il mineralization raie and then,
even with high ammonia volatilization from urea. when vields were nal
affected. Our objective was 10 evaluate this hypothesis.

MateriaLs avp mETHODS. — A field experiment with no-tilled wheat (cv, Cacique)
was carried owl near Chivilcoy {60° 10 W, 15° 3 Sh Provinee of Buenos Ajres,
Argentina. The characteristics of the soil (o Typic Hapludoll) are shown in Table 1. Soil
properties were measured as follows: pH (1:2.5 soil: water ranc), organic carbon
(Walkley and Black); total N (Kjeldahl) extractable phosphorus (Bray and Kune): catio-
mic exchangeable capaciy and exchanpeable Ca, Mg, Mo ond K Gunmoniom scelsie
exteaction and atomic absorption determination) (Pace er al., 1952},

The soil was no tilled for four veurs, proceeding our experiment with corn as last
crop. Sowing was carried out June 24 1906, Pricr o seeding, all plois were fertilized
with 150 kg ha'' diammenium phosphate, Treatmems consisted of contral and three
nitrogen sources: broadcast urea, dribbled AN (30% N) and broadeast IBDU (isobuti-
lidendiurea, panicle size 2.3 mm), Mivogen at 110 kg M ha'! was applied Augus 146,
Treatments were arranged in a randomived commplete block design with three replicites,
The expecimental plots were of 30 m<,

Violatilization was determined in cvlinder chambers (015 m diameter znd 020 m
heighty with non- disturbed sopl samples {Mostaik, 19730 The chambers were protected
against rainfall, Evelved ammenia was tmpped in polyurethane discs soaked in 12 mil of
1M sulphuric acid-glyeerol solution 21 {v/v). Dises and the inner turlace of the cham-
bers were nsed with 50 mi 2 M KO amd the CRITBCT Wik Temoved, Ammonia coneen-
fration was determined using airstreams distillation (PacGe eral, 19523 on days 1,2, 3, 4,
5. 7,9, 11, 14 and 21 afier nitrogen fenilizsion.

Al different thmes during wheat prowil, fonr sl sammples rom eacl reatment were
taken ot intervals of 0.2 m 1o 0.6 m depth. Soul contents of nitrates (NOy) and (NH.")
ammonium were determined by steam distillation (Pace eral., 1982) Attillering (August
270 and physiological maturity {December F23 105 m® of plant material was collected in
each experimental plot and dried ar 70 °C, Mitrogen concentration wias measured in senal
biomass (N} and grains (N, by Kjeldahl method (Nesow and Soamers, 1973), consi-

TabLe 1. = Sail average (0 = 4) charactesistics: carbon (C) toral niteagen (M), extractable
phosphorus (P), exchangeable cations and cationic exchangeable capacite (CEC),

Dph  pH € N _ P Ca Mg N K CEC
cm ghg! mgkg! cmol kg

0-2u 57 16.3 151 [N 15 2.0 (1) 1.6 17.4
20-40) 5 Q2 o3 6.8 o7 2.7 0.6 1.4 6.2

A0-60 6.7 S8 (66 4.5 80 0 0.6 1.1 149
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derg N+ N, as N, The nitrogen Tron: mineralization (N, was estimated as the diffe

rence between nitrogen accumulated in the crop 2t physiological maturity (M) and the
changes in available nitrogen in the woil Detween sowing and harvest-Mitrogen [ron sal
and fenilizers (N} was taken into account (HUGSING and Parx, 1993), Temperaiure wis
daily regisiered in the experimental site

The data was subjected 1o a standard analysis of vanance using ANOVA appropria-
te for a completely randomized block design and the Tukey test was used 10 compane
means (p = 0.05) (SAS Inst, 1988). Results for different sampling days were analyzed
separstely.

RESULTS AND DISCUSSION. — a) Volatilization losses. — Figure 1 shows
ammonia losses. Urea and UAN, had the greatest losses, while IBDU did
not differ from the control treatment (p < 0.05), The losses of ammoma
with urea and UAN were significantly different at the beginning of the
experiment (p < 0.05). The urea treatment has peak ammonia volatiliza-
tion the second day after fertilizer application, with volatilization decrea-
sing by the fourth day, bul ammonia losses were significantly higher
compared with all treatments dunng all the experiment. The total losses
at end of study from urea treatment were 24.8 kg N ha'', for UAN were
11.2 kg N ha' and for the control and TBDU treatments 6 kg N ha'l.
These values imply losses of 17.1%: 4.7% and 0.1% of the applied
nitrogen from urea, UAN and IBDU, respectively. In the same crop and
with no till system, in southern Pampean region, Garcia ef al. (1996)
found lower volatilization losses from urea and UAN, Our higher losses
of ammonia can be attributed to the high registered lemperature during
this experiment, averaging 23°C in the studied pernod.

b) Nitrogen evolution during crop cyele. — Soil nitrate contents
showed two extreme patterns (Figure 2): in the control decreased
markedly during crop early stages, increased in spring (southern hemi-
sphere) and fell again at harvest. In the IBDU treatment, nitrates remai-
ned fairly constant during the crop cycle. The treatments with UAN and
urea were intermediate between both of them. The content of ammonia
in soil showed small variations in all treatments (no data shown}, with
the exception of the IBDU treatment in which ammonium was higher
during wheat grain filling stage (November). It reached 53.7 kg N-NH,
ha' against 29.4 kg N-NH, ha! of urea treatment. The IBDU, evidently.
did not release mineral nitrogen in the early stages of the crop.

Two months after fertilization we found neither variations in the
mineral nitrogen in the soils or its accumulation in the crop (29/9). This
hehavior could be related to the initial immobilization of nitrogen in urea
and UAN treatments. In a no-tillage system the stubble decomposes
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slowly, which would increase the mitrogen immobilization (ANDREN ef
al., 1993). Even in conventionally cropped wheat, Sigrga ef al. {[9860)
found up to 45 % of immobilization one month after the fertilization.
c) Apparent recovery of the applied nitrogen. — Al the end of ullering
{August 27) the uptake of nitrogen was 37; 31; 35 and 30 kg N ha' for
urea, UAN, IBDU and control treatments, respectively. This implies 13
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to 19 % of total nitrogen uptake at harvest, The leaf mirogen concentra-
tons in this stage were 4.09% under urea and 3.49 % in the control.
while for UAN and 1BDU showed imtenmediate values. At this nme the
uptake of nitrogen from the feruhizers was low.

Al physiological maturity (December 12), the accumulation of nitro-
gen of the feriilized treatments differed significantly from the control {p
=0.01). Towl nitrogen accumulation at harvest is shown in Figure 3. In
the urea treatment nitrogen accumulation was highest in straw. Protein
content in grains was higher under urea and low in the control (p =
(.0001) (Table 2). This is imporant for farmers because several coun-
tries, among them Argentina, favor the wheat prices for protein content.
Although slow nitrogen release fertilizer increased nitrates and ammona
at the last stages of wheat protein content in grains were lowest compis-
red to urea. Yields were not different among the nitrogen sources (p =
0.02), as a yield increased 11.5; 16.6 y 15.9 kg grain kg' N for urea.
UAN and IBDU, respectively.

Figure 4 shows the mitrogen accumulation at harvest. The N supply
was the soil nitrates content al beginning of the experiment, the fertili-
zers and the nitrogen mineralized during the crop growth, The apparent
nitrogen mineralization rates were 22; 17 and 16 ¢ N kg'' soil for urea,
UaN and IBDU respectively, during the 6 months crop period.
However, this estimation 15 a simplification, as the mineralized mitrogen
is the result of the budget between mitrogen leaching. volatilization,
denitrification, immobilization, additions by raimfall, non symbiotic
fixation and so on. Local results indicate the lintle relevance of the N lixi-
viation in rain-feed wheat (Rinvse-Korsakov e of,, 20005, The effi-
ciency of apparent nitrogen uptake (kg N uptake keg' N applied) was
very high. This could be attributed to the fact that plants could take more
nitrogen in fertilized treatments because they have deeper or more effi-
cient root systemns (Goss er al, 1993). Taking those limitations no
account, we estimate that the quantity of mitrogen released from the sml
surpassed in general the nitrogen lost via aminonia volatibzation. For
urea, apparent nitrogen mineralization compensated nitrogen volatiliza-
tion and, in spite of the high losses, the wheat yield was not affected.

Concrusions. — Losses of ammonia via volatlization varied accor-
ding to the nitrogen source. The highest volatilization rate was found
with urea, but this loss did not affect the wheat yields. The nitrogen
exporied from the crop was similar o all ferulized treatments and appa--
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Contril [+3¢ 4580 b
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UanN 16.6 b 6705 a
IRDU 166 b G632 a

rently higher than the applied nitrogen rates, Tha means that the highe-
SLammonia volatilization rate from urea was compensated with higher
Apparent soil mineralization rafe, These phenomena could lead 1o the
impoverishment of the soil native nitrogen.
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SUMMARY. — The ammonia josses upder field comditons vacy widely and these
milrogen losses can decrease orops vicld, However, experiment with wheat in the
Argentinean Fampas shorwed that yields are not related w the volatilization losses of
several nitrogen ferlilizers. We hypushesize that s worlatilization from ures was
compensated with higher apparcnt won) mimeralization rate amd then, even with high
rmenia volatilization Trom orea, wheat viekds were nol altecied. We evaluated ammo-
nin volatilizalion, apparcnl Broegsn mimeralization, apparent nitrogen uptake efficiency.
and their effects on wheat yields, The experiment was carried oul with wheat grown in
s no-till Typic Hapludoll, using ured. AN and [ROLL Aoonia losses wers 17.1% and
475 of N applied as urea and UAN, respectively: IBDL and conrol were low, Wheat
vields were not affected by anonia losses, The Moopiake and N oexport was greaber in
Fertilized wreanents, For urea, the highest valatilization rate was compensated By the
highest soil mineralization rate. Froan the sustainable agricullure point of view, the vola-
Glzation would be dangerous because the soil could tend o compensats thit loss, thus
impoverishing itself in native nitrogen.



