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Introduction

It appears that the growth of barley seedlings during spring is restricted by moderate internal deficiency of phosphorus (P) and potassium (K) in most cases. This agrees with the well-known increases of growth and grain yields if P and K fertilizer placement is used in spring barley growing.

It is also evident from our earlier work that barley cultivars may differ in the P acquisition from soil (Gahoonia and Nielsen, 2004; Gahoonia and Nielsen, 2003). The existence of cereal varieties differing in the efficiency in P uptake from soil suggests that more nutrient efficient varieties can be identified among the existing varieties.

The aim of this work was to study differences between selected barley cultivars in their soil-P and soil-K acquisition to find indication of moderate P and K deficiency in spring barley seedling grown under organic farming conditions at various soil fertility levels. 

Materials and methods

Experimental

The field experiment included the six barley cultivars Otira, Orthega, Landora, Brazil, Svani and NK96-300 and two mixtures of the cultivars: (Mixture 1: Otira, Orthega, Landora and Mixture 2: Brazil, Svani and NK96-300). Soil characteristics are shown in Table 1. The experiment was carried out in an incomplete block design. Results presented in this reports are based on the simple variety means. More efficient estimates for the experimental design will be included at a later stage.
The barley was grown in a crop rotation either in the first year after incorporation of a second year clover grass or four years after a clover grass. An underseed of clover grass was sown about one week after barley sowing. Four levels of manure inputs were included: None, 60 N and 120 N in slurry and 120 N in deep-litter.  Two cuts of the barley were taken (26-05-03 and 04-08-03) before harvest at maturity. The plant biomass in the second cut was divided into barley and grass + clover + weeds. Only data from the first cut 42 days after sowing are presented. 

Table 1.Soil characteristics (Askegaard et al., 1999).

	Coarse

Sand

%
	Fine

Sand

%
	Silt

%
	Clay

%
	Organic

Matter

%
	pH in

0.01 M CaCl2
	Olsen-P

ppm
	Exch. K

ppm

	33
	46
	10
	8
	3
	6.0
	29
	58


Sampling, sample preparation and analyses

In each plot 0.5 m2 of plant cover were cut at 1 cm from the soil surface to attain a sample.  The quantity of biomass was estimated from the sample weight after drying to constant weight at 80°C. The sample was then ground in a steel mill. 

Digestion of plant material for ICP-MS

0.25 g plant material was digested in an open vessel system using 70 ml HD polyethylene vials (Capitol Vial Corp, Fulton Ville, NY, USA) using a graphite-heating block (Mod Block, CPI International, Amsterdam, Holland). The plant material was digested at 95°C using a slight modification of the EPA (Environmental Protection Agency, USA) Method 3050B, as described below. 5 ml 35% HNO3 (Instra analysed, Baker, Deventer, Holland) was added to the samples and the samples were boiled for approximately 15 minutes. After cooling 2.5 ml 70% HNO3 was added and the samples were reheated. 25 minutes later samples was cooled and 1.5 ml H2O2 (Extra pure, Riedel-deHaën, Seelze, Germany) was applied. When the peroxide reaction ceased 1 ml H2O2 was added and samples were reheated for approximately 40 minutes. During the digestion, vials were covered by watch glasses. Samples were cooled overnight and diluted to 50 ml with ultra pure water. For each digestion five blank samples were included. Furthermore samples of a certified reference material - CRM (Apple leaf, standard reference material 1515; National Institute of Standards and Technology, Gaithersburg, MD, USA) were digested to estimate the accuracy and precision of the analysis. Finally, an in house barley reference material was included in order to compare element concentrations in each individual run on the ICP-MS.

Samples were diluted to the same acid concentration (1.75% HNO3) as standards and quantification was done by external calibration (P/N 4400 ICP-MS, Multielemental calibration standard, CPI-International, Amsterdam, Holland). Dilutions were performed in a class 100 laminar flow bench (KR-170s Biowizard, Kojair Tech Oy, Vilppula, Finland). 

ICP-MS and IR-MS

A total of 11 elements; Ca, Cu, Fe, K, Mg, Mn, Mo, Ni, P, S, and Zn were analysed by ICP-MS (Agilent 7500c, Agilent Technologies, Manchester, England). 

In addition, nitrogen was measured on extra fin-grinded plant material using mass spectrometry (IR-MS, Europa Scientific, Crewe, UK). Approximately 3 mg of pulverized plant material was weighed in tin capsules and introduced to the MS via a combustion interface. 

Results and Discussion

The quantities of biomass of the barley cultivars 42 days after sowing are shown in Table 2. The data indicate that the biomass productions of Otira, Brazil and NK96-300 were higher than biomass productions of Orthega, Landora and Svani. Mixing the cultivars did not seem to increase the biomass production. 

Table 2. Biomass of the barley cultivars 42 days after sowing (preliminary data based on simple variety means).
	No
	Barley cultivars
	Biomass, kg ha-1

	1
	Otira
	523 ( 31

	2
	Orthega
	483 ( 31

	3
	Landora
	485 ( 31

	4
	Brazil
	551 ( 31

	5
	Svani
	463 ( 31

	6
	NK96-300
	545 ( 31

	7
	Mixture 1 (Otira + Orthega + Landora)
	522 ( 31

	8
	Mixture 2 (Brazil + Svani + NK96-300)
	482 ( 31


The concentration of N in the biomass may be considered as an index of the concentration of cytoplasm in the tissue. Increasing P/N ratio and K/N ratio may then be considered as increases of internal nutrition with P and K, respectively.
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The relations between the concentration of N, P/N ratio and K/N ratio and biomass dry matter production can be seen in Figures 1, 2 and 3.  It follows from Figure 1 that the concentration of cytoplasm decreases in the seedlings with increasing biomass production whereas Figure 2 and 3 show that P/N ratio and K/N ratio increase with increasing biomass production. The latter indicates/fits the view that biomass growth of the barley seedlings is restricted by moderate P and K deficiency.
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Figure 4 and Table 3 show that Otira, Orthega, Svani and NK96-300 have a better acquisition of K and P per unit of N than Landora and Brazil. This appears to be associated with high biomass production in Otira and NK96-300 but not in Orthega and Svani. 


The effect of the position of the barley in the crop rotation and the four manure treatments is shown in Table 3. It appears that a higher biomass yield was obtained in barley grown in the 4th year after a clover grass than in the 1st year after the grass.

The position in the crop rotation and the manure treatments differed significantly whereas the differences between the cultivars were insignificant from a statistical point of view.

Table 3. Effects of position in crop rotation and manure application on biomass production of 6 barley cultivars and 2 mixtures 42 days after sowing (preliminary data based on simple variety means). (See Table 2).

	Years from clover grass
	Biomass, kg ha-1
	Manure application
	Biomass, kg ha-1

	
	
	None
	257 ( 32

	1
	339 ( 23
	60 N slurry
	294 ( 32

	
	
	120 N slurry
	436 ( 32

	
	
	120 N deep-litter
	369 ( 32

	
	
	None
	573 ( 32

	4
	674 ( 23
	60 N slurry
	663 ( 32

	
	
	120 N slurry
	851 ( 32

	
	
	120 N deep-litter
	609 ( 32


Conclusion

The data indicate that the growth of the barley seedlings was restricted partly by the capability/possibility for phosphorus (P) and potassium (K) acquisitions. 

It appears that seedlings of NK96-300 and Otira have a high capability of P and K acquisitions and biomass production.

A four year interval between a clover grass and barley increased biomass production and the values of the P/N ratio and the K/N ratio compared to one year after clover grass.

Table 4. Biomass, %N, K/N and P/N in the biomass as a fraction of mean (m) in spring barley sampled 42 days after sowing (preliminary data based on simple variety means).
	Years from clover grass
	Manure
	Cultivar
	Biomass/m
	%N/m
	(K/N)/m
	(P/N)/m

	1
	None
	Otira
	0.563
	1.111
	0.620
	0.816

	1
	None
	Orthega
	0.533
	1.188
	0.694
	0.822

	1
	None
	Landora
	0.424
	1.245
	0.525
	0.818

	1
	None
	Brazil
	0.458
	1.256
	0.545
	0.784

	1
	None
	Svani
	0.446
	1.086
	0.670
	0.855

	1
	None
	NK96-300
	0.557
	1.227
	0.637
	0.809

	1
	None
	Mixture 1
	0.522
	1.179
	0.638
	0.870

	1
	None
	Mixture 2
	0.553
	1.185
	0.741
	0.848

	1
	60 N slurry
	Otira
	0.632
	1.088
	0.680
	0.917

	1
	60 N slurry
	Orthega
	0.656
	1.104
	0.686
	0.875

	1
	60 N slurry
	Landora
	0.539
	1.192
	0.620
	0.816

	1
	60 N slurry
	Brazil
	0.622
	1.205
	0.567
	0.893

	1
	60 N slurry
	Svani
	0.433
	1.069
	0.530
	0.892

	1
	60 N slurry
	NK96-300
	0.645
	1.076
	0.783
	0.864

	1
	60 N slurry
	Mixture 1
	0.607
	0.962
	0.614
	0.887

	1
	60 N slurry
	Mixture 2
	0.515
	1.093
	0.562
	0.923

	1
	120 N slurry
	Otira
	0.657
	0.998
	0.781
	0.924

	1
	120 N slurry
	Orthega
	0.723
	1.208
	0.757
	0.857

	1
	120 N slurry
	Landora
	0.941
	1.161
	0.910
	0.852

	1
	120 N slurry
	Brazil
	1.157
	1.126
	0.899
	0.871

	1
	120 N slurry
	Svani
	0.905
	1.154
	0.923
	0.932

	1
	120 N slurry
	NK96-300
	0.916
	1.228
	0.863
	0.864

	1
	120 N slurry
	Mixture 1
	0.868
	1.093
	0.791
	0.893

	1
	120 N slurry
	Mixture 2
	0.719
	1.128
	0.801
	0.838

	1
	120 N deep-litter
	Otira
	0.854
	1.125
	0.954
	0.972

	1
	120 N deep-litter
	Orthega
	0.645
	1.010
	0.816
	0.919

	1
	120 N deep-litter
	Landora
	0.698
	1.168
	0.782
	0.871

	1
	120 N deep-litter
	Brazil
	0.862
	1.153
	0.811
	0.886

	1
	120 N deep-litter
	Svani
	0.715
	0.969
	0.744
	0.913

	1
	120 N deep-litter
	NK96-300
	0.777
	1.099
	0.925
	0.952

	1
	120 N deep-litter
	Mixture 1
	0.693
	1.202
	0.857
	0.942

	1
	120 N deep-litter
	Mixture 2
	0.595
	1.141
	0.876
	0.916

	4
	None
	Otira
	1.371
	0.813
	1.152
	1.112

	4
	None
	Orthega
	1.040
	0.804
	1.219
	1.096

	4
	None
	Landora
	1.088
	0.980
	0.996
	0.994

	4
	None
	Brazil
	1.172
	0.837
	1.046
	0.998

	4
	None
	Svani
	0.912
	0.935
	1.245
	1.018

	4
	None
	NK96-300
	1.111
	0.736
	1.418
	1.266

	4
	None
	Mixture 1
	1.278
	0.850
	1.194
	1.068

	4
	None
	Mixture 2
	1.082
	0.898
	1.097
	1.021

	4
	60 N slurry
	Otira
	1.336
	0.889
	1.156
	1.018

	4
	60 N slurry
	Orthega
	1.237
	0.946
	1.291
	1.043

	4
	60 N slurry
	Landora
	1.226
	0.916
	1.181
	1.030

	4
	60 N slurry
	Brazil
	1.399
	0.912
	1.080
	0.902

	4
	60 N slurry
	Svani
	1.326
	0.924
	1.228
	1.017

	4
	60 N slurry
	NK96-300
	1.507
	0.839
	1.261
	1.107

	4
	60 N slurry
	Mixture 1
	1.281
	0.904
	1.135
	1.036

	4
	60 N slurry
	Mixture 2
	1.168
	0.885
	1.118
	0.924

	4
	120 N slurry
	Otira
	1.755
	0.847
	1.190
	1.081

	4
	120 N slurry
	Orthega
	1.539
	0.791
	1.510
	1.247

	4
	120 N slurry
	Landora
	1.413
	0.910
	1.253
	1.101

	4
	120 N slurry
	Brazil
	1.900
	0.849
	1.312
	1.156

	4
	120 N slurry
	Svani
	1.455
	0.853
	1.354
	1.198

	4
	120 N slurry
	NK96-300
	1.873
	0.812
	1.481
	1.266

	4
	120 N slurry
	Mixture 1
	1.870
	0.872
	1.418
	1.184

	4
	120 N slurry
	Mixture 2
	1.655
	0.924
	1.312
	1.129

	4
	120 N deep-litter
	Otira
	1.097
	0.837
	1.346
	1.208

	4
	120 N deep-litter
	Orthega
	1.255
	0.886
	1.375
	1.216

	4
	120 N deep-litter
	Landora
	1.337
	0.870
	1.413
	1.288

	4
	120 N deep-litter
	Brazil
	1.136
	0.860
	1.299
	1.247

	4
	120 N deep-litter
	Svani
	1.123
	0.844
	1.367
	1.288

	4
	120 N deep-litter
	NK96-300
	1.223
	0.806
	1.354
	1.299

	4
	120 N deep-litter
	Mixture 1
	1.135
	0.825
	1.342
	1.240

	4
	120 N deep-litter
	Mixture 2
	1.328
	0.852
	1.253
	1.122
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Figure 1.  The relation between % N and biomass production of 6 cultivars and 2 mixtures of cultivars 42 days after sowing (preliminary data based on simple variety means).








Figure 2. The relation between P/N ratio and biomass production of 6 cultivars and 2 mixtures of cultivars 42 days after sowing (preliminary data based on simple variety means).








Figure 3. The relation between K/N ratio and biomass production of 6 cultivars and 2 mixtures of cultivars 42 days after sowing (preliminary data based on simple variety means).








Figure 4. Biomass, K/N ratio and P/N ratio as fractions of means 42 days after sowing (preliminary data based on simple variety means).
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