Nutrient Best Management Practices for Wheat

Fertilization practices for intensive wheat production in Southern Latin America

Fernando O. Garcia

IPNI Latin America – Southern Cone program

fgarcia@ipni.net
This paper summarizes the main best management practices for fertilizer use (FBMP) in wheat in southern Latin America with an emphasis on the Pampas region of Argentina. More information on wheat FBMPs in the region are available in the reviews of Alvarez (2005), Garcia and Berardo (2005), Garcia and Daverede (2007), and Bianchini et al. (2008). Information on nitrogen management in southern Brazil is available at Amado et al. (2008).
Wheat production in the Southern Latin America region - Description of the region

Wheat production in the Southern Cone countries (Argentina, Bolivia, Chile, Paraguay and Uruguay) and Brazil is shown in Table 1. Argentina is the largest producer in the region with 67% of the total area planted to wheat, and 74% of the total wheat production. The highest yields are achieved in the southern countries (Chile, Uruguay, and Argentina), mainly because of better climatic conditions than in the northern countries of the region (Bolivia and Paraguay). 
Table 1. Area, production and average yield of wheat at the Southern Cone countries and Brazil.
	Country
	Area
	Production
	Yield
	Year and Source

	
	ha
	t
	kg/ha
	

	Argentina
	5600000
	14600000
	2607
	2006/07, SAGPyA

	Bolivia
	129290
	143677
	1111
	2006/07, INE

	Brazil
	1770945
	2464936
	1579
	2006/07, IBGE

	Chile
	282400
	1322357
	4680
	2006/07, ODEPA

	Paraguay
	365000
	620000
	1699
	2005/06, DGEEC

	Uruguay
	193400
	661200
	3160
	2006/07, DIEA-MGAP

	Total
	8341035
	19812170
	2375
	


The Pampas region, located at the east-central plains of Argentina, is the main grain producing area of the country, and includes approximately 90% of the wheat area (Fig. 1). Climate is temperate sub-humid with average annual temperature varying from 14 to 18 ºC, and average annual precipitation increasing from the Southwest (300 mm) to the Northeast (1100 mm).

Mollisols constitute the dominant soils. The humid and semiarid subregions are characterized by Udolls and Ustolls, respectively, with minor occurrence of Aquolls in flat areas (Moscatelli and Pazos, 2000).

In general, soils of the Pampas are deficient in nitrogen (N) and phosphorus (P), but well provided with potassium (K), calcium (Ca), and magnesium (Mg) under native conditions. In recent years, sulfur (S) responses have been observed in several crops, mainly in areas under intensive cropping (high grain yields and longer periods under row crops agriculture).

Crop production in Argentina, Uruguay, Paraguay, and south of Brazil is mainly under no-tillage systems. Estimations indicated that more than 65% of the cropping area is under NT in Argentina (AAPRESID, 2007).

The area of wheat production in Chile is located towards the south of the country, on mollisolls, ultisolls, and inceptisolls of volcanic origin. Climate is of mediterranean type, with most of the precipitation concentrated in fall-winter-spring. 
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Fig. 1. Location of the main provinces that include the Pampas region of Argentina.

Fertilizer use 
Fertilizer consumption in five countries of the Southern Cone of Latin America is over 2.5 million metric tons N+P2O5+K2O (Table 1). The N:P2O5:K2O ratio is of 6:5.8:1. Argentina is the leading consumer of this group with 59% of the total fertilizer in the region, followed by Chile with 21%, Paraguay with 12%, Uruguay with 7%, and Bolivia with 1%.

In Argentina, field crops (wheat, corn, soybean, and sunflower) explain 75% of the total nutrient fertilizer consumption (Melgar, 2005). Current estimations indicate that 95%, 85%, and 2% of the wheat area receives N, P, and K fertilization, respectively, at average rates of 49 kg N/ha, 30 kg P2O5/ha, and 2 kg K2O/ha.

In Argentina and Uruguay, N sources in wheat are dry and liquid fertilizers, mainly urea and UAN. Ammonium nitrate, calcareous ammonium nitrate (CAN), and ammonium sulfate are also used. At the other countries, urea is the main N source, but ammonium nitrate, calcareous ammonium nitrate, ammonium sulfate, and other nitric sources would be used.

Among P fertilizers, di-ammonium phosphate (DAP), mono-ammonium phosphate (MAP), triple superphosphate (TSP) and single superphosphate (SSP) are the most common sources. In the last years, bulk blending has become a common practice at the Pampas. NP fertilizers and blends are commonly applied at planting, and N fertilization could be carried out pre-plant, at planting or top-dressed at tillering.

Sulfur is applied as calcium sulfate (gypsum), single superphosphate, UAN-ATS liquid solution, or ammonium sulfate among other alternatives. Applications of S are done in blends at planting, broadcasting at pre-plant, or topdressing.

Most of the wheat fertilization in the Pampas is done considering that the wheat crop would mostly be followed by a double crop soybean, and nutrient needs would be supplied for both crops at wheat fertilization time.

Table 1. Apparent nutrient consumption in countries of the Southern Cone of Latin America, between 2003 and 2006. Source: Compilation of IPNI Southern Cone from several local sources.

	Country
	Year
	N
	P2O5
	K2O
	Total

	
	
	--------------------  ton  --------------------

	Argentina
	2006
	785700
	669300
	33240
	1488240

	Bolivia
	2004
	12555
	10565
	2725
	25845

	Chile
	2003
	270380
	180290
	80850
	531520

	Paraguay
	2004
	32768
	194932
	70857
	298557

	Uruguay
	2003
	79318
	92847
	8876
	181041

	Total
	
	1180721
	1147934
	196548
	2525203


Best management practices for fertilizer use (FBMP) in wheat
FBMPs can be aptly described as the selection of the right source for application at the right rate, time, and place (Roberts, 2007). Fertilizer source, rate, timing and placement are interdependent, and are also interlinked with the set of best agronomic management practices applied in the cropping system (Bruuselma et al., 2008). This section summarizes the main FBMPs for N, P, and S of wheat at Argentina and Uruguay.
1. Right rate

Fig. 2 presents the main systems utilized and/or or evaluated in deciding the right rates of N, P and S fertilization in wheat.
1.1. Nitrogen
1.1.1. Balances of N

Nitrogen balances are used as a first approximation to determine N fertilization needs in wheat and corn crops in the region (Barberis et al., 1983; Berardo, 1994). Simplified N balances have used the following equation:



Nf  =   [(Nc + Nr) – ((Ni/ei) + (Nmin/emin))]/ef

where 
Nf = Fertilizer N




Nc = Crop N demand




Nr = residual inorganic N at harvest




Ni = inorganic N at planting time




Nmin = mineralized N 




ei, emin and ef = use efficiencies of Ni, Nmin, and Nf, respectively

Estimated crop yield allowed estimating Nc. Generally, Nr was considered 0 or as a fraction of Ni. Ni has been determined at 60-cm depth at pre-planting. Estimations of Nmin include a fixed percentage of the organic N content, or referenced values obtained from laboratory incubations or regionalized field experiments (Echeverría 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 0.4-0.8.

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 residues of previous crops. 
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Fig. 2. Diagnosis tools for of wheat fertilization evaluated and/or used at the Pampas region of Argentina (Garcia and Berardo, 2005).

1.1.2. Agronomic simulation models (ASM)

The ASM constitute a promissory tool to manage N efficiently since they allow to integrate soil, plant, and climatic factors with management decisions. Work 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 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. 
1.1.3. 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 sub humid 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 (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 NO3--N determined at the pre-planting sampling:

Nf = CL – X

where Nf is the amount of fertilizer N to be applied, CL is the critical level, and X is the amount of NO3--N in the soil at 0-60 cm depth.

Table 2. Critical levels of available N at wheat planting (NO3--N, 0-60 cm depth) in different areas of the Pampas with different expected yields.

	Area
	Critical level NO3--N, 0-60 cm
	Expected yield
	Reference

	
	--------   kg ha-1  --------
	

	Southeastern Buenos Aires
	125
	3500
	González Montaner et al., 1991.

	Sierras areas of Buenos Aires
	110
	4000-4500
	García et al., 1998.

	Western Buenos Aires
	90
	3000
	González Montaner (pers. com.)

	South-Central Santa Fe
	70
	2500
	González Montaner (pers. com.)

	Northern Buenos Aires
	100-140
	3500-4000
	Satorre (pers. com.)

	Southeastern Buenos Aires
	175
	5000-5500
	González Montaner et al., 2003.

	Southern Santa Fe and Córdoba
	100-150
	3200-4400
	García et al., 2006.


Soil N determinations during the growing season have also been calibrated to estimate N fertilization needs for small grains. In Uruguay, the availability of NO3--N (0-20 cm depth) at two tillers stage (Zadoks 2.2; Zadoks et al., 1974), is utilized with NO3--N (0-20 cm depth) availability at planting to determine N fertilization needs in small grains (Bordoli and Perdomo, 2005). 

1.1.4. Plant analysis

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

The determination of sap NO3- concentration (SNC) in stems of wheat (González Montaner et al., 1987; Justes et al., 1997) has been calibrated for different situations of the Pampas region. Critical levels of SNC in pseudo-stems of wheat at tillering vary according to growth stage, time of the day, plant density, and soil and climate conditions. Critical levels range from 1000 to 2500 mg L-1 NO3- at tillering stages (González Montaner and Di Napoli, 1997; García et al., 2006). 

1.1.5. Chlorophyll meter readings
Determinations of greenness index (GI) using the chlorophyll meter Minolta SPAD 502 ® have been carried out to determine N status in 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. In order to avoid this variability, a sufficiency index (SI) (SI=GI of the test field/GI of a non-nitrogen limited field) is used.

The SI relates closely to wheat yield at advanced stages (after jointing), thus the potential use of this tool for recommending N fertilization is limited (León 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).

1.1.5. Remote sensing

Crop canopy sensors should sense a large area, which integrates the amount 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 value from an adequately fertilized area provides a measure of relative N status (Schepers, 2002). Several algorithms have been derived that calculate N fertilizer application rates based on the crops yield potential and the response to additional fertilizer (Raun et al., 2004). On-going research by R. Melchiori and collaborators of INTA Parana and AAPRESID, is validating the performance of the sensors/applicators in Argentina, and developing algorithms for its use (see http://nue.okstate.edu/Argentina_Wheat_Algorithm.htm). 
1.2. Phosphorus

The diagnosis of P fertilization is based on soil Bray P at 0-20 cm at pre-plant. Critical levels for wheat are between 15 and 20 mg/kg for the Pampas region (Fig. 3). Rates of P fertilization depend on the criteria of the farmer/consultant: 1) build-up and maintenance (García and Berardo, 2005), or 2) sufficiency levels (Echeverría and García, 1998) (Table 3). Research has indicated that rates of 3 a 10 kg P/ha are needed to increase  Bray 1 P by 1 mg/kg (Rubio et al., 2007; Ciampitti et al., 2008), depending on the initial Bray 1 P level, soil texture, grain or forage P removal, and time from fertilization.
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Fig. 3. P response of wheat as a function of soil Bray 1 P (0-20 cm) in the Pampas region of Argentina. Compiled from data of 53 experiments of several authors from 1998 to 2007.

Tabla 3. Recommendations of P fertilization for wheat according to soil Bray 1 P level and expected wheat yield (Echeverría y Garcia, 1998).

	Grain yield
	Soil Bray 1 P (mg/kg)

	
	< 5
	5-7
	7-9
	9-11
	11-13
	13-16
	16-20

	ton/ha
	-----------------------  kg P/ha  -------------------------

	2
	20
	15
	13
	11
	9
	7
	

	3
	23
	19
	17
	15
	13
	11
	

	4
	27
	22
	21
	18
	17
	14
	10

	5
	31
	26
	24
	22
	20
	18
	14

	6
	34
	30
	28
	26
	24
	22
	17

	7
	38
	33
	31
	29
	28
	26
	21


1.3. Sulfur
Sulfur deficiencies have been detected since the early 90’s in several areas of the Pampas region.  Responses were observed in soils with decreased soil organic matter content, under long cropping history, high soybean frequency, no-tillage management and adequate N and P fertilization (Martínez and Cordone, 2005). These are the best tools to distinguish responding from non-responding sites since there has been low correlation between soil sulfate-S test and S response. In an area of the central region of the Pampas, a critical level of 10 mg/kg sulfate-S has been determined for deciding S fertilization (García et al., 2006). 

1.4. Other nutrients

Responses to chloride (Cl) have been observed in 38% of 26 field trials done between 2001 and 2006 in the Pampas (Garcia, 2008). At responsive sites, Cl increased crop yields by 319 kg/ha with applications of 46 kg Cl/ha (6.9 kg wheat per kg Cl) (Fig. 4). Concentrations of soil Cl (0-20 cm) greater than 35 mg/kg or amounts of soil Cl (0-60 cm) greater than 65-70 kg Cl/ha, always showed yield responses lower than 10%. Below these critical levels, responses to Cl were highly variable.
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Fig. 4. Average wheat grain yield with different Cl rates at 10 field sites in the Pampas region of Argentina. Compiled from 26 experiments of several authors from 2001 to 2006. Source: Garcia (2008).
2. Right source, timing, and placement

2.1. Nitrogen

Nitrogen, as urea, CAN or UAN, would be surface-applied at pre-plant, planting time or tillering. Results of field research have shown similar efficiencies (Fig. 5). Ammonia volatilization losses from surface-applied urea or dribble UAN in wheat were lower than 10% (Garcia et al., 1999; Fontanetto et al., 2006).

The period from planting to the end of tillering is usually dry for most of the wheat producing area of Argentina, thus early N applications usually result in high N use efficiencies (Melchiori and Paparotti, 1996; Díaz Zorita, 2000). However in areas towards the east of the Pampas and in Uruguay, winter precipitation could result in nitrate leaching and in several years N use efficiency would be improved with topdressing at tillering compared to pre-plant or planting applications (Barbieri et al., 2008) (Fig. 6).

Late N applications, at pre-anthesis or anthesis, would increase grain protein concentration. Applications of 22 kg N/ha, as low biuret urea solution, has increased grain protein concentration by 1% (Loewy et al., 2004).
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Fig. 5. Wheat grain yield for different N sources and timing of application. Split indicates half rate at planting and half rate at tillering. All applications were broadcast at an equivalent N rate of 60 kg N/ha. Source: Baumer, Divito and Gonzalez, EEA INTA Pergamino, Argentina.
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Fig. 6. Wheat grain yield for different N application times (FP, at planting: and FT, at tillering) at 10 locations in four growing seasons in the southeastern Buenos Aires province, Argentina. The stars indicate significant differences between FP and FP at each location/year. Source: Barbieri et al. (2008).

2.2. Phosphorus
Phosphorus fertilization is generally carried out at planting banding the fertilizer with or close to the seed (2-5 cm below and/or to the side), depending on planting equipment. In recent years, field research has shown that pre-plant broadcast of P fertilizers would be an efficient alternative under no-tillage systems (Bianchini, 2003; Echeverría et al., 2004) (Fig. 6). For this pre-plant broadcast application, the following considerations applied:

· System under no-tillage for the last 5 years

· Broadcast at least 45 days before planting

· P rates of 25 kg P/ha or more

· Precipitation greater of 50 mm between application and planting

The most common P fertilizers used by farmers (DAP, MAP, TSP or SSP), present similar P use efficiencies. Rock phosphate (fosforita) is used at Uruguay with good results as long as it is included in a fertilization program for a period of 3-5 years.
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Fig. 6. Wheat grain yield for different P placement methods under no-tillage at two field experiments of the southern pampas of Argentina. Rates are indicated as kg P/ha. Bd indicates banded at planting, and Br broadcasted 45-60 days before planting. Source: Echeverria et al. (2004).

2.3. Sulfur
Sources of S such as ammonium sulfate, magnesium-potassium sulfate (sulpomag), ATS, magnesium sulfate, has shown similar S use efficiencies. These sources are applied at pre-plant or planting in a single application or blended with P or N fertilizers. Gypsum is the most common source and its efficiency highly depends on particle size. Prilled or standard (2-4 mm) gypsum has shown similar S efficiency as other sulfate sources, but when applied in large particles, the low solubility of calcium sulfate results in a low S use efficiency. These sources would be used under long-term S fertilization programs.

Final considerations

Most of the wheat crops in Argentina and Uruguay are followed by a double cropped soybean crop. In Argentina, it is estimated that 80-90% of the wheat crops are immediately followed by double cropped soybean. Under these conditions, the nutrition management of wheat becomes the nutrition management of the double crop wheat/soybean. Research has shown that P and S BMPs could include the application of the nutrients for both, wheat and soybean, at the time of wheat fertilization, based on the residual effects of P and S (Salvagiotti et al., 2005) (Fig. 7).
Current research and field experimentation on wheat nutrition management is looking at: i) site-specific N and P management under fields of high natural variability because of topography or soil depth, ii) nutrient management for different rotations, iii) N and P alternative sources, iv) responses to micronutrients, and v) response to plant growth promoting microorganisms, among other topics.
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Fig. 7. Double crop wheat and soybean yield with different timing of PS applications: all PS requires for both crops at wheat planting, or PS for wheat at wheat planting, and PS for soybean at soybean planting.Averages of seven field experiments at the northern Pampas of Argentina. Source: Salvagiotti et al. (2005).
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