[image: image1.wmf]11th International Soil Conservation  Organization 

Conference

11º Conferencia de la Organización Internacional para la 

Conservación del Suelo



OFFTAKE OF EXCHANGEABLE BASES AND MICROELEMENTS IN THE GRAIN OF WHEAT AND MALTING BARLEY IN SOUTHWESTERN BUENOS AIRES (ARGENTINA)

LOEWY, T  y  M. M. RON -
INTA EEA Bordenave – c.c. 44 – (8187)  Bordenave Dpto. de Agronomía -  Universidad Nacional del Sur -8000 Bahía Blanca  tloewy@cossma.com.ar
ABSTRACT

Soil degradation in southwestern Buenos Aires started long ago as a result of traditional management. The objective of this paper is to gain knowledge on Ca, Mg, K and microelement grain concentration in wheat and barley and element offtake in different soils and yield levels. Grain samples from 7 field experiments carried out in 1997 were used. For each experiment 2 grain samples were selected from adjacent plots with important differences in yield, mainly due to N-P fertilisation. Grain yield ranged from 2300 to 5700 kg/ha, while yield response in each site was between 1500 and 2900 kg/ha. Local information on concentration of bases and 4 microelements in grains of wheat and malting barley is reported. No overall dilution effect was found in 6 of the 7 experiments. Grain nutrient concentration varied more between sites and yields than between species, except for Cu and Mn. The concentration of these elements in barley was on average 2.5 and 0.5 times that in wheat. In the area annual offtake of exchangeable bases and 4 microelements, from wheat grown in 760,000 hectares is estimated to be around 7000 and 300 tonnes, respectively.
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INTRODUCTION

The south-west of Buenos Aires Province (Argentina) has an area of about 4 million hectares, with a semiarid to subhumid climate. Soils are Molisols with good aptitude for mixed farming. Wheat is the main harvest crop grown under rainfed conditions in rotation with pastures and summer crops. Yields for wheat and malting barley without fertiliser vary within the region and the mean normally falls between 1500 and 1800 kg/ha.

Soil degradation in the region started long ago as a result of traditional management. The general approach was based on short-term profitability and this brought about a widespread acceptance of some environmentally unfriendly practices (Zarrilli, 1998). Some examples are the mining of soil fertility due to the excessive number of annual crops (Loewy and Lopez, 1994), inadequate tillage systems and insufficient use of legumes and fertilisers. Loss of soil structure and soil erosion goes hand in hand with a sustained decrease of soil nutrients.

Yield of winter cereals (in particular wheat) is increasing and so is nutrient offtake. Apart from C, N, and P losses, a significant fall in the Mg, K, Ca, B, Cu and Zn content in soils of the undulating pampas has been reported (Maddonni et al 1999). Nitrogen and phosphorus are being returned to the soil, mainly as mineral fertilisers. Sulphur status is linked to nitrogen and organic matter management. For high yielding farming, however, mineral supply should be adapted to meet the requirements of each crop (Osaki et al., 1991), within a systemic approach to managing soil fertility.

Intensification of agriculture may well lead in the short or mid – term to imbalances or deficiencies in soil exchangeable bases and/or microelements. A preliminary report has warned about possible Boron deficiency in the area (Ron et al., 1999). Grain element analysis is a valuable tool to assess both soil and grain quality (Mc Grath, 1985; Chaudri et al 1993). 

The objective of this paper is to gain knowledge on Ca, Mg, K and microelement grain concentration in wheat and barley and element offtake in different soils and yield levels. 

MATERIALS AND METHODS

Grain samples from 7 field experiments carried out in 1997 were used. The fertilisation experiments were established on 6 sites of the area. In that year favourable climatic conditions allowed a good expression of the genetic material. Cultivars, soil taxonomy and some soil properties for the experiments are reported in Table 1.

Table1  Sites, cultivars and soil characteristics

	Location
	Crop/cultivar
	Soil taxonomy
	pH
	OM %
	P Bray mg.kg-1

	Puan 1

Puan 1

Puan 2

Puan 3

A.Alsina

C.Suárez

C.Pringles
	WN – Buck Cristal

MB – Line advanced

WN – Buck Ambar

WN – Buck Cristal

BW – P. Federal

MB -  B 1215

WN – Buck Cristal
	Typic Haplustol 

Typic Haplustol

Enthic Haplustol

Typic Argiustol 

Typic Argiustol

Typic Argiudol

Typic Argiudol
	6.60

6.60

6.45

7.20

6.45

6.35

6.35
	2.29

2.29

1.86

2.72

2.89

3.66

4.76
	29

29

18

8

17

14

27


  WN : wheat for noodles      BW: bread wheat      MB: malting barley

For each experiment 2 grain samples were selected from adjacent plots with important differences in yield, mainly due to N-P fertilisation. Grain samples were ground and analysed in the laboratory (LANAQUI, Dpto. Agronomía - UNS - B. Blanca). Extraction of bases (K, Mg, Ca) and microelements (Fe, Mn, Zn, Cu) was done by wet digestion (Johnson and Ulrich, 1959). Element concentration in the extract was determined by plasma induced atomic emission spectrometry  (Zhimadzu ICPS 1000 III).

Mean, median, minimum, maximum and coefficient of variation of the concentration of each element in grain were determined. Nutrient offtake per crop was calculated. Annual element offtake through wheat was estimated for the area.

RESULTS AND DISCUSSION

The 6 sites provided a good range of soil properties, with 3 wheat and 2 malting barley cultivars (Table 1). Grain yield ranged from 2300 to 5700 kg/ha, while yield response in each site was between 1500 to 2900 kg/ha. Although there are often differences between cultivars of the same crop (Gooding and Davies, 1997), it was not possible to study this effect.  

a) Grain nutrient  concentration

Grain nutrient concentration varied more between sites and as a result of treatment effects than between species, except for Mn and Cu. Overall statistics for the other elements are shown in Table 2. Except for Fe, values had an approximately normal distribution around the mean. The greatest coefficient of variation and differences were found for the microelements. The minimum and maximum concentrations differed by a factor of 1.4 - 1.8 for exchangeable bases and by 3 - 3.5  for microelements.  

Table 2 Statistics for element concentration in grain of winter cereals (n=7)

	
	Exchangeable bases %
	Micronutrients mg kg-1

	Element
	K
	Ca
	Mg
	Fe
	Zn

	Mean
	0.389
	0.030
	0.085
	71.00
	26.23

	Minimum
	0.300
	0.020
	0.077
	36.56
	14.58

	Maximum
	0.540
	0.037
	0.109
	129.14
	45.56

	Median
	0.366
	0.290
	0.084
	53.32
	25.19

	C.Variation %
	17.74
	16.66
	9.41
	46.96
	32.52


Concentration of bases reported for wheat by McGrath (1985) was around 30 % higher than those found in this study. Zn and Fe concentration were about the same and much lower, respectively. Micronutrient concentrations reported for barley in Canada agrees with those for wheat in England (Gupta, 1989 and 1991).

Grain nutrient concentration can be used for post harvest fertility diagnosis, to assess availability of nutrients for the next crop. In order to do that reference values for different crops and tillage systems in the area are necessary. Together with soil analysis, they can contribute to protecting soil quality. At the same time, the reference values are useful when combined with harvest index and potential yield to apply an adequate range of fertiliser rates in field experiments (Colwell, 1994). This study provides preliminary information which will be furthered in future research.

b) Effect of site, yield and crop on nutrient concentration

Increased growth often leads to growth-dilution effects, i.e. decreases in elemental concentration because growth is more rapid than nutrient uptake. Elements that have small diffusion coefficients in soil move slowly to plant roots and might not meet the demand of a rapidly growing crop, which has been well-supplied with nitrogen and other nutrients. In this study consistent decrease of element concentration in grain was not recorded. Some cases showed the opposite (Fig. 1). 

Figure 1. Concentration of a) bases, b) and c) microelements in grains of wheat and malting barley, as affected by yield level
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The figure shows that concentration of bases in the two crops was approximately the same with the exception perhaps of K.  For the same yield level, variation between sites was otherwise greater than between crops. Similar results were found for Zn and Fe. Crop effect was evident for Cu and Mn. The concentration of these elements in barley was on average 2.5 and 0.5 times that in wheat. The gap widened for Cu when the two species were compared for the same site and year (see below).

Considering the experiments individually, the most important differences between high and low yielding plots were concentration decline of K in one site (Puan 2), attributed to the low capacity of the sandy soil and of Fe for bread wheat (Adolfo Alsina).

Only one site (Coronel Pringles) showed dilution effect for all the elements, except Fe (Table 3). This site is near the Ventania hills and winter is cooler there. Mass flow and diffusion of nutrients may have been reduced by low soil temperature. In the other Udol soil (Coronel Suárez), only Ca decreased. This is accounted for by the lower pH in both Udols, enhanced in the latter by the widely reported effect of no till on soil pH (Blevins and Frye, 1993). Minimum tillage has also been found to reduce micronutrient availability (Carter and Gupta, 1997). In the no till site, grain microelement concentration was below that in the experiments with conventional tillage.

Table 3  Dilution effect in one site (Coronel Pringles)

	Yield
	Exchangeable bases %
	Micronutrients mg kg-1

	kg ha-1
	K
	Ca
	Mg
	Fe
	Zn
	Mn
	Cu

	2396
	0.371
	0.024
	0.109
	42.96
	30.33
	24.43
	15.79

	4583
	0.336
	0.020
	0.086
	52.35
	20.66
	21.27
	6.42


Absence of dilution effect in the other sites strongly suggests that the elements have not become yield limiting so far.  Results of soil tests for the sites and correlation with grain concentration will be reported elsewhere.

c) Direct comparison between barley and wheat.

Grain samples from control plots from two adjacent experiments, which had the same yields were used for the comparison between wheat and barley (Table 4). The greatest difference in nutrient concentration was found for Mn and Cu. Other authors have also reported higher concentration of Mn in wheat than in barley (Turski et al 1990). 

Table 4: Variations of grain composition, as related to crops 

	Crop          
	Yield

kg/ha
	Exchangeable bases %
	Micronutrients mg kg-1

	
	
	K
	Ca
	Mg
	Fe
	Zn
	Mn
	Cu

	Wheat
	2666
	0.349
	0.025
	0.084
	53.23
	25.32
	18.31
	2.33

	Barley
	2610
	0.373
	0.029
	0.078
	49.55
	22.17
	9.55
	21.01


d) Annual element offtake in the area.

Nutrient offtake can be calculated from Table 2. At present, there is growing concern as regards offtake of soil nutrients, the natural supply of some of which (Ca, Mg and K) is regarded as a strength in the general fertility of soils in the area. The amount of nutrients removed with the grain increased with yield, which in turn increased with the now widespread use of fertilisers containing N, P and S. Thus fertilisation may be masking not only physical but also chemical degradation of soils (Urricarriet and Lavado, 1999).  One tonne of grain cereal removes around 4 kg K, 0.3 kg Ca, 0.8 kg Mg, 70 g Fe and 10 to 20 g Zn, Cu and Mn, each.

For an estimate of the annual offtake in the area, the mean yield of wheat for 1995, 1996 and 1997 was averaged, giving a yearly production of 1,444,000 tonnes. Table 5 shows the amount of nutrients exported from the area through wheat. At present none of these elements are returned to the soils so that it is a net loss from the soil.

Table 5. Annual exportation of nutrients (tonnes) in south western Buenos Aires through wheat (based on mean of wheat experiments, n=5)

	Elements
	K
	Ca
	Mg
	Fe
	Zn
	Mn
	Cu

	Removal
	5300
	419
	1227
	102.5
	41.9
	30.3
	12.8


CONCLUSIONS

Local information on concentration of bases and 4 microelements in grains of  wheat and malting barley from different soils and yields is reported.

Grain elemental concentration varied more between sites and yields than between species, with the exception of Cu and Mn. The concentration of these elements in barley was on average 2.5 and 0.5 times that in wheat

. 

No overall dilution effect was found in 6 of the 7 experiments, which strongly suggests that the elements have not become yield limiting so far.

In south-western Buenos Aires, annual offtake of exchangeable bases and 4 microelements from wheat grown in 760,000 hectares is estimated to be around 7000  and 300 tonnes, respectively.
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		Rendimiento		yield		Wheat		Barley

		2666		2.666		0.349

		3690		3.69		0.362

		3568		3.568		0.327

		5028		5.028		0.3

		2610		2.61				0.373

		5394		5.394				0.462

		2487		2.487		0.345

		4860		4.86		0.392

		3769		3.769				0.48

		5736		5.736				0.462

		2273		2.273		0.54

		5152		5.152		0.343

		2396		2.396		0.371

		4583		4.583		0.336

		2666		2.666		0.084

		3690		3.69		0.085

		3568		3.568		0.078

		5028		5.028		0.077

		2610		2.61				0.078

		5394		5.394				0.09

		2487		2.487		0.086

		4860		4.86		0.086

		3769		3.769				0.087

		5736		5.736				0.083

		2273		2.273		0.08

		5152		5.152		0.078

		2396		2.396		0.109

		4583		4.583		0.086

		2666		2.666		0.025

		3690		3.69		0.029

		3568		3.568		0.034

		5028		5.028		0.037

		2610		2.61				0.029

		5394		5.394				0.035

		2487		2.487		0.03

		4860		4.86		0.037

		3769		3.769				0.037

		5736		5.736				0.029

		2273		2.273		0.022

		5152		5.152		0.025

		2396		2.396		0.024

		4583		4.583		0.02
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		Rendimiento		Fe Wheat		Fe Barley		Zn Wheat		Zn Barley		Mn Wheat		Mn Barley		Cu Wheat		Cu Barley

		2.666		53.23				25.32				18.31				2.33

		3.69		67				27.39				19.67				9.64

		3.568		125.96				28.56				19.64				9.79

		5.028		52.14				26.86				17.85				13.45

		2.61				49.55				22.17				9.55				21.01

		5.394				90.77				25.07				14.88				28.96

		2.487		129.14				45.56				26.84				8.03

		4.86		127.61				41.46				25.06				10.7

		3.769				53.42				17.64				10.33				21.5

		5.736				68.36				14.58				9.59				22.56

		2.273		45.01				20.38				17.08				6.83

		5.152		36.56				21.31				18				5.81

		2.396		42.96				30.33				24.43				15.79

		4.583		52.35				20.66				21.27				6.42
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		Rendimiento		yield		Wheat		Barley

		2666		2.666		0.349

		3690		3.69		0.362

		3568		3.568		0.327

		5028		5.028		0.3

		2610		2.61				0.373

		5394		5.394				0.462

		2487		2.487		0.345

		4860		4.86		0.392

		3769		3.769				0.48

		5736		5.736				0.462

		2273		2.273		0.54

		5152		5.152		0.343

		2396		2.396		0.371

		4583		4.583		0.336

		2666		2.666		0.084

		3690		3.69		0.085

		3568		3.568		0.078

		5028		5.028		0.077

		2610		2.61				0.078

		5394		5.394				0.09

		2487		2.487		0.086

		4860		4.86		0.086

		3769		3.769				0.087

		5736		5.736				0.083

		2273		2.273		0.08

		5152		5.152		0.078

		2396		2.396		0.109

		4583		4.583		0.086

		2666		2.666		0.025

		3690		3.69		0.029

		3568		3.568		0.034

		5028		5.028		0.037

		2610		2.61				0.029

		5394		5.394				0.035

		2487		2.487		0.03

		4860		4.86		0.037

		3769		3.769				0.037

		5736		5.736				0.029

		2273		2.273		0.022

		5152		5.152		0.025

		2396		2.396		0.024

		4583		4.583		0.02
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		Rendimiento		Fe Wheat		Fe Barley		Zn Wheat		Zn Barley		Mn Wheat		Mn Barley		Cu Wheat		Cu Barley
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		3.69		67				27.39				19.67				9.64

		3.568		125.96				28.56				19.64				9.79

		5.028		52.14				26.86				17.85				13.45

		2.61				49.55				22.17				9.55				21.01

		5.394				90.77				25.07				14.88				28.96

		2.487		129.14				45.56				26.84				8.03

		4.86		127.61				41.46				25.06				10.7

		3.769				53.42				17.64				10.33				21.5

		5.736				68.36				14.58				9.59				22.56

		2.273		45.01				20.38				17.08				6.83

		5.152		36.56				21.31				18				5.81
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Hoja1

		Rendimiento		yield		Wheat		Barley

		2666		2.666		0.349

		3690		3.69		0.362

		3568		3.568		0.327

		5028		5.028		0.3

		2610		2.61				0.373

		5394		5.394				0.462

		2487		2.487		0.345

		4860		4.86		0.392

		3769		3.769				0.48

		5736		5.736				0.462

		2273		2.273		0.54

		5152		5.152		0.343

		2396		2.396		0.371

		4583		4.583		0.336
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		4583		4.583		0.086

		2666		2.666		0.025

		3690		3.69		0.029

		3568		3.568		0.034

		5028		5.028		0.037

		2610		2.61				0.029

		5394		5.394				0.035

		2487		2.487		0.03

		4860		4.86		0.037

		3769		3.769				0.037

		5736		5.736				0.029
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		Rendimiento		Fe Wheat		Fe Barley		Zn Wheat		Zn Barley		Mn Wheat		Mn Barley		Cu Wheat		Cu Barley

		2.666		53.23				25.32				18.31				2.33

		3.69		67				27.39				19.67				9.64

		3.568		125.96				28.56				19.64				9.79

		5.028		52.14				26.86				17.85				13.45

		2.61				49.55				22.17				9.55				21.01

		5.394				90.77				25.07				14.88				28.96

		2.487		129.14				45.56				26.84				8.03

		4.86		127.61				41.46				25.06				10.7

		3.769				53.42				17.64				10.33				21.5

		5.736				68.36				14.58				9.59				22.56

		2.273		45.01				20.38				17.08				6.83

		5.152		36.56				21.31				18				5.81
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		4.583		52.35				20.66				21.27				6.42
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