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Chapter 5. Nitrogen Management in Field Crops of the Southern
Cone of Latin America

This chapter describes N management for field crops in representative regions
of the Southern Cone of South America. Part A refers to the Pampas region of
Argentina and includes some references about the western area of Uruguay. Part B
addresses the regions of Southern Brazil and Eastern Paraguay.

ParT A. NITROGEN MANAGEMENT IN THE PAMPAS OF ARGENTINA
A. Bianchini?, F. Garcia®, and R. Melchiori®

sA APRESID (Argentinean No-Till Farmers Association), Rosario, Santa Fe,
Argentina

[PNI, Latin America-Southern Cone Program (International Plant Nutrition
Institute), Acassuso, Buenos Aires, Argentina

°INTA EEA Parand (National Institute for Agricultural Technology), Parana, Entre
Rios, Argentina

1. AGRO ECOLOGICAL CHARACTERISTICS OF THE PAMPAS REGION

_ The Pampas eco-region of Argentina covers an area of approximately
83,000,000ha (INTA RIAP, 2007), including Buenos Aires, Santa Fe, C6rdoba,

- Entre Rios, San Luis, and La Pampa provinces (Figure 1). Central Santa Fe and

east central Cordoba represent the most important and typical productive area of
the Argentinean Pampas. The region is the most developed with 67% of total popu-

} 8 lation of ‘the country and a density of 27.1 inhabitants/km?, higher than the country
- average (13 inhabitants/km?).

? Crops and forest production occupy 84% of this area. In this region, cereal,
’OI‘S_eed, and forage occupy 90%, 87%, and 91% of the national production area.
'.‘s._(’yh‘?ﬂn-(@Lycine max (L)) Merril), wheat (Triticum aestivum L..), maize (Zea mays L.),
t1’Slmﬂ‘ower (Helianthus annus L..) are the most important crop.

b A brief description of the climate and the major soil types is presented to con-
2y ‘“.t? toa bfatter understanding of common management practices.

Fﬁﬁ‘?t:lbhumld and temperate weather prevails in the region. Average annual tem-
Socth f€ ranges from 14°C to 18°C. Average annual precipitation increases from the
; }Vest (300mm) to the Northeast (1,100 mm) (Figure 2).
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Figure 1. Geographical location of the area of interest (colored area) (INTA, 2007), |

Mollisols occupy important areas of the Pampas plains and constitute the domi- B
nant soils among those with the best aptitude for agriculture. The Pampas Region,
both humid and semiarid, is characterized, respectively, by Udolls and Ustolls with
minor occurrence of Aquolls in flat areas utilized for cattle production (Moscatelli |
and Pazos, 2000). The most important soils from the agricultural standpoint s |
developed on the aeolian quaternary sediments. This sediment is known as Pampear
loess. From the mineralogical standpoint, the loess is rich in weatherable miner # |
als with conspicuous amounts of calcium (Ca), potassium (K), phosphorus (P) i |
microelements, and amorphous materials of volcanic origin (Scoppa, 1974). T
physical characteristics of the Pampean loess favor the formation of well-structured: =
deep, dark surface horizons, adequate for root development (Moscatelli, 1991).

In general, soils of the Pampean region are deficient in nitrogen (N) and P,
well provided with K, Ca, and magnesium (Mg) under native conditions. In regeil
years, sulfur (S) responses have been observed in several crops, mainly in are#l =
under intensive cropping (high grain yields and longer periods under row crof’ o
agriculture) (Garcia et al., 2000).

The most representative and productive is the Central Santa Fe region. In t8
area, a climatic water balance (WB) calculated as the difference between raiﬂ_f&_l.
(R) and potential evapotranspiration (PET) presents two different periods 2l
the year (Figure 3). Spring and summer rainfalls represent 70% of annual raini
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whereas winter and fall accumulate 30%. A positive balance, in terms of water
accumulation, occurs during the spring and fall months, and a negative one during e
the winter period. Irrespective of positive annual climatic WBs, the variability Clit
of the rainfall regime occasionally causes local short droughts. Droughts in the Eas
December—February, and May—July periods are common in the region and increase

low
the risk of production in drought sensitive crops (i.e., corn). am
Annual global solar radiation, photoperiodic period and temperature evolution
show the possibility of making use of an extended productive season (Figure 4), with
Typ
30 - T 16 clas
sedi
25 T 15 watt
20 - L 14 surf
15 4 L43 | and
How
104 +12 = duet
f - ingl
54 r 11
[ 2. F
0:!1[\"|rr[11r1|||| |r11l5rr"l"‘10
Sep Oct Nov Dec Jan Feb March April  May  June _
1—8— Radiation --{l-- Temperature —&— Photoperiod L iso
. acco
Figure 4. Global solar radiation, photoperiod, and mean monthly temperature in Central 5?'4:;
region of Santa Fe Province (Rafaela). (Unpublished data from Agrometeorology ferti
INTA Rafaela.) L
Tabl
Full season crops are planted in this area and double cropping systems, generaily R App
wheat/double crop soybean, is a very common productive practice. ’-«g betw
The central area of Santa Fe province, named Plain Pampas (Panigatti ané’" E;u“i

Mosconi, 1979), is characterized by a slightly undulated landscape, with norma q’
and subnormal relieves and slopes of 0.3-0.6%. Dominant soils are Mollisolli' Arge
(Argiudolls and Argialbolls) and some soil type variability is associated to topd. ; ;

graphic position. Very high silt content (70%) induces a natural low aggregate St Chil)
bility and susceptibility to soil crusting. Soil fertility levels were naturally very hights Para
(5% organic matter and >50ppm of P; Bray and Kurtz 1). Presently, extensive ara Urug

show soil degradation in moderate to severe grade due to intensive agricultural Us
excessive and continuous conventional tillage without crop rotation and low fert At
lization rates. During the last decade, the adoption of no-tillage (NT) system
been increasing at a rate of 1 million hectare per year, reaching more than 19 mi
lion hectare in the 2004/2005 season, and covering more than 67% of the coun‘I)s A
arable land (AAPRESID, 2007). The adoption of no-till allowed farmers to in
their yields due to higher water use efficiency.
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more than 90% of the wheat area receives an average rate of 45kg/ha of N ferti-
lizer, and more than 85% of the corn area receives an average rate of 50kg/ha of
N fertilizer.

2.1. Fertilizer Sources

Farmers utilize dry and liquid fertilizers as N sources. Dry sources include sim-
ple and composed fertilizers. Simple fertilizers constitute the products that only
contain one nutrient and the composed fertilizers those that contain at least two
nutrients. The composed fertilizers are presented as chemical or physical blends, -
The most common dry N fertilizer sources used in the Southern Cone of South
America for extensive crops (corn, grain sorghum, wheat, barley, oats) are urea |
(46% N), ammonium sulfate (21% N, 24% S), ammonium nitrate (32% N), and
calcareous ammonium nitrate (27% N, 12% CaO) (Figure 5). Also, other fertiliz- -
ers like di-ammonium phosphate (DAP) or mono-ammonium phosphate (MAP) are
used as starters and provide 18% and 11% of N, respectively.

800
1 1
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E< E :
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@ Other N fertilizers @ DAP + MAP [0 Ammonium nitrate + CAN
UAN O Urea

Figure 5. Evolution of consumption of N fertilizers in Argentina between 19932
2005 expressed in thousand metric tones of N. CAN stands for calcium ammonitf &
nitrate. DAP + MAP includes the N applied in di-ammonium and MAP. O

fertilizers include ammonium sulfate, potassium nitrate, ammonium thjosulfé
and others. (IPNI Southern Cone; compiled from data of SAGPyA, Fertilizar A
Fundacién Producir Conservando and fertilizer companies).
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where N; = Fertilizer N

N, = Crop N demand

N, = residual inorganic N at harvest

N; = inorganic N at planting time

Npin = mineralized N

€;» €min, 20d €; = use efficiencies of Nj, Nyp, and Ny, respectively.

Estimated crop yield allowed estimating N.. Generally, N, was considered
0 or as a fraction of N;. N; has been determined at 60-cm depth at pre-planting,
Estimations of N, include a fixed percentage of the organic N content, or refer- |
enced values obtained from laboratory incubations or regionalized field experi-
ments (Echeverrfa and Bergonzi, 1995; Gonzalez Montaner et al., 1997; Alvarez, -
1999; Melchiori, 2002). Efficiency factors are highly variable according to crop,
soil, climate, and management conditions and might vary between 0.4 and 0.8. i

In Chile, Rodriguez et al. (2001) have developed an adaptation of the N balance -
methodology in which the soil supply of N is estimated from the N availability of | j
residues of previous crops.

3.2. Soil Available N at Planting or During the Growing Season ]

The evaluation of available (inorganic) N at planting time has been a useful tool
to determine fertilizer N needs in subhumid and semiarid regions of the world. This
methodology has been calibrated in several areas of the Pampas region of Argentina ;
with good success. Critical available N levels at planting vary according to the crop A
(wheat or corn), expected yield, soil and climate conditions of the area, and cropping =
systems. Table 2 shows critical levels for wheat across several areas of the Pampas. :

The N fertilization recommendation is estimated from the critical level and the

amount of NO; -N determined at the pre-planting sampling:

e kL

N, =CL - X

where N is the amount of fertilizer N to be applied, CL is the critical level, and.lf
X is the amount of NO; -N in the soil at 60-cm depth. &

Field experimentation in corn has also allowed determining critical levels of
available N at planting (Ruiz et al., 1997). Figure 6 shows a calibration of thi
methodology for trials carried out between 2000 and 2004 at Cérdoba, Santa e
and Buenos Aires provinces. Recent evaluations indicated that available N critici
levels of 150-170kgN/ha, according to yield potential, maximize economic 1€
of corn N fertilization in the region (Alvarez et al., 2003; Garcfa et al., 2006).

Soil N determinations during the growing season have also been calibrated 1@
estimate N fertilization needs for small grains and corn. In Uruguay, the availabil
of NO; -N (20-cm depth) at two tillers stage (Zadoks 2.2; Zadoks et al., 1974)‘f




Nitrogen in the Environment = Nitrogen Management in Field Crops of the Southern Cone of Latin America 113

Table 2.
Critical levels of available N at wheat planting (NO;-N, 60-cm depth) in different
areas of the Pampas with different expected yields.

Critical leve]l NO;7-N  Expected yield

Area 60cm (kg/ha) (kg/ha) Reference
ad Ny, respectively. = - -
Southeastern 125 3,500 Gonzélez Montaner
rally, N, was considered Buenos Aires etal., 1991.
cm depth at pre-planting, ~  Sierras areas of 110 4,000-4,500 Garcia et al., 1998.
ganic N content, or refer.  Buenos Aires
regionalized field exper. = Western Buenos 90 3,000 Gonzilez Montaner
ner et al., 1997; Alvarey, Aires (pers.com.)
wriable according to crop, South-Central 70 2,500 Gonzélez Montaner
between 0.4 and 0.8. . SantaFe (pers.com.)
japtation of the N balance Northern Buenos ~ 100-140 3,500-4,000  Satorre (pers. com.)
. sy 0§ Ajres
b
from the N availability of = g theastern 175 5,000-5,500  Gonzdlez Montaner
©  Buenos Aires et al., 2003.
.~ Southern Santa Fe  100-150 3,200-4,400 Garcia et al., 2006.
1g Season ©  and Cérdoba

ime has been a useful tool =
regions of the world. This
ampas region of Argentina |

vary according to the crop
s of the area, and cropping
eral areas of the Pampas.
n the critical level and the
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10ws a calibration of thi$ Available N at planting (NO,~-N at 60-cm depth + fertilizer N) (kg/ha)
)04 at Cérdoba, Santa Kl
d that available N criticél
naximize economic re
Garcfa et al., 2006). H
ve also been calibrated 19 8
n Uruguay, the availabilt
2; Zadoks et al., 1974)5 8

¢ AAPRESID-Profertil 2001 M INTA C. Gomez 2000 [ INTA C. Gomez 2001
A AAPRESID-INPOFOS 2000 < CREA 2000 O CREA 2002
X CREA 2003 + CREA 2004

légill;;ef. Cgr_n yield as a function of available N at planting (NO3™-N at 60-cm
pté i fertilizer N). Field trials carried out between 2000 and 2004 at Cérdoba,
Y€, and Buenos Aires provinces (Argentina) by several research groups.
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utilized with NO;™-N (20-cm depth) availability at planting to determine N fertili-
zation needs in small grains (Bordoli and Perdomo, 2005).

For comn, the pre-sidedress soil nitrate test (PSNT) developed by Magdoff
et al. (1984) has been calibrated in several areas. Critical NO; -N (0-30cm depth)
levels at V5-V6 stage (Ritchie et al., 1993) varied between 16 and 27mg/ kg
according to corn yields, crop and soil management, and soil and climate conditions
(Melchiori et al., 1996; Garcia et al., 1997; Perdomo et al., 1998; Ferrari et al., 2000;
Sainz Rozas et al., 2000; Bianchini et al., 2005 (Figure 7); Bordoli and Perdomo,
2005). Field research has estimated that, to reach the critical level, 8-12kg N/ha

should be applied to increase 1 mg/kg (Bianchini et al., 2005; Echeverria and Sain;
Rozas, 2005b).

Relative yield (%)

0 T T T T T T T i
0 10 20 30 40 50 60 70 80 90 - Tipch

Soil NO;™-N (20-cm depth) at V6 growth stage (mg/kg) B r

T 1

Ll 2001/2002  2002/2003 A 2003/2004 ® 2004/200?‘

Figure 7. Relative corn yield as a function of NO;™-N availability (0-20cm depth}
at V5-V6 stage. Network AAPRESID 2001-2005 (n = 384). Field trials carried
at Buenos Aires, Cérdoba, Entre Rios and Santa Fe Aires provinces (Argentina)
The vertical line indicates NO; -N = 19 ppm and the horizontal one Relafit &

yield = 0.95 (Bianchini et al., 2005). :

SN

ST

3.3. Plant Analysis ' é

Concentration of total N is not frequently used as a diagnostic tool in deciding s
N fertilization in corn or wheat. In Uruguay, total N concentration at Z30 (Zadok =
scale; Zadoks et al., 1974) complements a diagnostic tool in a recommendatité
model for fertilization of malting barley (Baethgen, 1992). )

The determination of sap NO3 ™~ concentration (SNC) in stems of wheat (Gonz
Montaner et al., 1987; Justes et al., 1997) and com has been calibrated for diff
situations of the Pampas region. Critical levels of SNC in pseudo-stems of wheé

TS ANNG e T Qe e
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ng to determine N fertili- 4 tillering vary according to growth stage, time of the day, plant density, and soil
. and climate conditions. For wheat, critical levels range from 1,000 to 2,500mg/L
) developed by Magdoff NO,™ at tillering stages, and for corn, from 1,200 to 4,500mg/L NO;~ at V6 stage
NO;™-N (0-30cm depth) (Gonzdlez Montaner and Di Napoli, 1997; Ferrari et al., 2001; Sainz Rozas et al.,
stween 16 and 27mg/kg  2001; Garcia et al., 2006).
oil and climate conditions Concentrations of NO;™ in dry stems of corn at 400-800mg/kg, at physiolog-
1998; Ferrari et al., 2000;  jcal maturity, have been reported as optimal to achieve 90% of maximum corn yield
7); Bordoli and Perdomo,  (Sainz Rozas et al., 2001; Bianchini et al., 2005).
itical level, 8—12kg N/ha
J05; Echeverria and Sainz = 3.4. Remote Sensing
Determinations of greenness index (GI) using the chlorophyll meter Minolta
SPAD 502® have been carried out to determine N status in corn and wheat crops.
The GI varies according to genotype, growth stage, water availability, and soil and
climate conditions, as it has been shown in numerous researches across the world.
To avoid this variability, a sufficiency index (SI) (SI = GI of the test field/GI of a
nonnitrogen limited field) is used.
e In wheat, the SI relates closely to wheat yield at advanced stages (after jointing),
P *  thus the potential use of this tool for recommending N fertilization is limited (Leén
et al., 2001; Gandrup et al., 2004). The SI levels also correlated with grain protein
- content, and its determination could be used in determining the need of late foliar N
. applications to improve protein levels (Bergh et al., 2001; Bergh et al., 2004).
f In corn, the sensitivity of the GI or SI determinations has not been able to dif-
. ferentiate crop N status after V5-V6 stage, limiting its use in dryland conditions. In
70 80 90 t advanced stages, pre- and post-anthesis, critical levels of SI were of 0.97-0.98 to
{  reach 95% corn maximum yield (Sainz Rozas and Echeverria, 1998).
By Crop canopy sensors should sense a large area, which integrates the amount
® 2004/2005 } of living plant biomass into the reflectance reading and subsequent vegetation
© index value (NDVI). Comparing the NDVI value from an area in the field to the
railability (0~20cm depth!®  value from an adequately fertilized area provides a measure of relative N status
384). Field trials caried®  (Schepers, 2002). Research evaluating remote sensing to determine crop N status
ces provinces (Argentina}_xi__ and develop N fertilization strategies is underway. Several algorithms have been
: horizontal one Relati¥® derived that calculate N fertilizer application rates based on the crops yield poten-
B lial and the response to additional fertilizer (Raun et al., 2004). Extensive field tests
: hﬂVe. demonstrated the validity of the algorithm and the performance of the sensors/
- applicator in Argentina. Urricarriet and Zubillaga (2001) demonstrated that aerial
: ,Ehoms could differentiate areas with different corn N status at R4. Also in corn,
- Melchiori et al, (2001) compared uniform and variable N applications with the
N"Seﬂ§0r® of Yara® The site-specific N management allowed obtaining greater
: COm yields and higher N use efficiency (NUE) than the uniform N management.
! & et work by EEA INTA Paran4 and AAPRESID is evaluating the sensors Crop
-ircle® (Holland Scientific) and GreenSeeker® (NTech Industries). Preliminary

ﬁ#ults have shown a great increase in the NUE using variable rate applications
1able 3) (Melchiori et al., 2005).

stage (mg/kg)
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Table 3.
Corn grain yield and components with fertilization at planting, splitted with fixed
rate and with a rate based on the SBNC! (Melchiori et al., 2005).

Yield NUE? (kg
Grain yield Kernel weight Kernels response grain/kg of

Treatments (kg/ha) (mg) (m?) (kg/ha)  applied N) 1'?5
cla

Control 5,595 215 2620 - = s

N.140 8,725 204 4,281 2,474 18 me

N70 +N70 9,219 226 4,075 3,623 26

N 70 + SBNC! 8,660 224 3,773 3,064 44 ap
ac

ISBNRC: Sensor Based Nitrogen Rate Calculator.

i f

2NUE: Nitrogen Use Efficiency. (S) r
~id

3.5. Agronomic Simulation Models (ASM) ;‘;
The ASM constitute a promissory tool to manage N efficiently since they allow for

to integrate soil, plant, and climatic factors with management decisions. Work F

developed by researchers of the Faculty of Agronomy (University of Buenos Aires) -
and AACREA (Satorre et al., 2001; Satorre et al., 2005) resulted in the release of the E U
software Triguero (FAUBA-AACREA, 2005). Triguero is an interactive software
for decision-making support in wheat, N, and irrigation management in the Pampas

region of Argentina. Similarly, Maicero is a corn model currently under develop- - 4
ment (Ruiz et al., 1997; Mercau et al., 2001; Satorre and Mercau 2001). g
4. SYSTEMS FOR FERTILIZER APPLICATION : :2

When a fertilizer application method is selected, the general objective is t0 t :;;

maximize the use efficiency of the N applied as fertilizer, reducing energetic and

time costs, and minimizing environmental aspects. To maximize the use efficiency, g ;

N should be available to the crop at the beginning of the highest uptake period. The '.%x‘ 9
i

specific objectives are: L

o To minimize the nutrient losses in the system. ,' 7
e To avoid that the fertilizer affects germination and the following crop devel: =

opment (phyto-toxicity).
e To achieve the most simple and economic application method.

The achievement of these objectives depends on the following aspects:

e Fertilizer characteristics: chemical form of the nutrient, accompanying 60
pounds, acidity or alkalinity, physical form, solubility.
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e Soil conditions and properties: pH, buffer capacity, texture, cation exchange
capacity, surface residue cover, moisture, temperature, and others.

e Phenological stage and root development of the crop.

e Type and availability of the application equipment.

There are important differences between nutrients regarding the mobility and
reactions of the different chemical forms in the soil. In general, the nutrients are
classified depending on the mobility in the soil in mobile and nonmobile. Nitrogen
is the example of the mobile nutrient, because the inorganic form of nitrate, the
most frequent to find in agricultural soils, is very soluble.

The soil and management conditions should be considered when selecting the
application method. For example, reduced tillage and NT result in a surface residue
accumulation that favors the ammonia volatilization losses with surface applications
of urea, mainly due to the high urease activity of the residue (Garcia et al., 1999;
Sainz Rozas et al., 1999; Fontanetto and Keller, 2003). The presence of surface res-
idues also favors microbial immobilization of applied N, P, and S. Other factors like
surface residue quality (C:N ratio, lignin content) and quantity should be considered
because they affect the fertilizer N immobilization. To improve NUE of the applied
fertilizers, the fertilizer incorporation below the residues layer has been suggested
(Fontanetto, 1999; Ferrari et al., 2000).

The most common application methods of N fertilizers in Argentina and
Uruguay are discussed below.

4.1. Surface Applications

Surface applications are associated to pre-plant applications, post-emergence
with the crop under development (i.e., wheat at tillering, corn at 5-6 leaves) or with
the irrigation water. The surface or broadcast applications are more frequent for
mobile nutrients like N. If the surface applications are done with UAN solutions
with the corn at advanced growth stages, the applicator should include devices that
direct the fertilizer to the soil surface to reduce the corn leaf damage.

Dry N fertilizers, mainly urea, are usually applied by broadcasting at pre-plant,
top dressing at wheat tillering and corn at V3-V6 stage (Ritchie et al., 1993), or
SIdg-dressing at V3-V7 corn. Liquid fertilizers, UAN or UAN + ATS blends, are
ma'mly applied by top dressing at wheat tillering, or surface dribbling at wheat til-
lem:ng and V3-V7 corn. These applications of liquid N fertilizers could be carried
out incliiding some pesticides such as herbicides.

7 The actual area under surface irrigation for extensive crops in the Central
:.Rampa.s Re.gion is less than 2% of the total arable land (Martellotto et al., 2005).
g:: dlﬁusmr} of this technology allows to incorporate fertilizers in the irriga-
o Water with the advantage that the nutrients can be applied in growth stages
I:d?{re crop demand, when it will be difficult to apply with traditional methods.
Sol ‘;llonally, the application with the irrigation water reduces the application costs.

“iuble dry or liquid fertilizers are the most used. The dissolved fertilizer is injected




118 Nitrogen in the Environment  Njtrog

in the irrigation line using a centrifuge or high-pressure pump. Security systems that  apd ¢
avoid the return of the fertilizer to aquifer should be used. It is very important that N apj
the fertilizer is injected in the area with highest turbulence to optimize the mixture the cr
with the irrigation water.

4.2. Subsurface Applications 43.]

Application of N fertilizers in bulk blends with P and/or S fertilizers at planting 1
is a very frequent practice in Argentina and Uruguay. These applications could be ~ canof
considered as starters, but the rates used are commonly higher than those considered diatr?]
in starter applications in the United States. Fertilizer applications close to the seeds nutrie
and roots can generate phyto-toxicity problems. These effects are mainly due to the gram

salt effect and the presence of toxic compounds for the crops like ammonia, applied F
as anhydrous ammonia or generated by the hydrolysis of the urea in the soil. de"?l
tratio

Due to the toxic effects of the high ammonia concentrations generated around
the urea granule, it is not recommended to apply high rates of urea with the seed
at planting. In wheat, rates up to 25-30kgN/ha as urea applied with the seed can |
be used in soils of medium to fine texture without toxicity problems, and in soils - 5. Fl
of coarser textures more than 15-20kgN/ha should not be applied as urea with the

seed. In corn, the maximum N rates vary between 20 and 10kgN/ha, in row widths - 65 ‘71
of 70cm, for soils with fine and coarse textures, respectively. These maximum xf
reference rates decrease rapidly when the soil moisture content decreases (Gude}j :I_ nze ]
et al., 2001) (Figure 8). The DAP also produces ammonia in the reaction zone zorn
250 - tially
year!
feed.
200 1 . crop
— .  men
N { .
E 150 . righl
e ~ mnth
& 100 -
o \\
. . RE]
50 A ‘\_\
0 T ] T T 1
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Rate of urea-N (kg/ha)

-~~~ Without irrigation —#— With irrigation

Figure 8. Wheat plants emerged at 25 days after planting with different N rales.
applied as urea in the furrow with the seed, with and without irrigation (Guddl
et al., 2001).
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p. Security systems that  and the same maximum N rates should be considered. The side-dress fertilizer
t is very important that N applications in post-emergence generally do not generate toxicity problems to
'0 optimize the mixture  the crop.

4.3. Foliar Applications

The foliar applications involve the use of soluble liquids in sprayings over the
canopy. The nutrients are rapidly absorbed, so the nutrient deficiency can be imme-
diately corrected. The foliar fertilizers do not permit to apply great amounts of
nutrients, so it is considered as a supplemental application in the fertilization pro-
gram. High salt concentrations in the fertilizer can result in leaf burning.

Foliar applications are not commonly used in Argentina and Uruguay. Recent
developments have shown promissory results in improving wheat protein concen-
tration using a liquid urea (20% N) of low biuret content (Loewy et al., 2004).

S fertilizers at planting
e applications could be
:r than those considered
itions close to the seeds
ts are mainly due to the
s like ammonia, applied
urea in the soil. _
itions generated around
s of urea with the seed =
plied with the seed can
problems, and in soils
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ntent decreases (Gudelj
ia in the reaction zone

5. FINAL COMMENTS

The Southern Cone of Latin America has adopted NT systems in more than
65% of the arable land, and the trend shows that this adoption will continue in the
next years. The presence of crop residues in the soil surface increases the water
use efficiency and thus, grain yield potential of extensive crops. Average soybean,
corn, and wheat yields have been significantly increased during the past years, par-
tially due to higher fertilizer consumption (N, P, and S use was tripled in the last 10
years). The challenge for the next decades is to produce a higher amount of food,
feed, fuel, and fiber by increasing the use efficiency of all the resources involved in
crop production (nutrients, water, etc.), and minimizing the impact to the environ-

e

1
T * ment for the well-being of future generations. Management of N through right rates,
& fight timing, and right applications is a challenge in developing sustainable systems
;.. in the NT agriculture of the Southern Cone.
€
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