Wheat baking quality: The effect of catch crop strategies and species
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Abstract - In organic farming winter wheat is typically grown after good pre-crops, as it pays well for this in terms of yield and quality. However, winter wheat develops slowly during the autumn, and much nitrate may be lost by leaching before spring. System with catch crops followed by spring wheat, or maybe catch crops intercropped with winter wheat could improve the utilization of the pre-crop effects in wheat cropping. In this experiment we studied  wheat and catch crop root growth, crop and soil N dynamics, and effects on yield and baking quality in wheat cropping systems with catch crops.  The results showed that the combination of catch crops and spring wheat increased the yield and decreased the gluten content, but the bread volume was unaffected by the decrease in gluten Intercropping systems with catch crops and winter wheat showed some promising results, but they are also very difficult to manage.  The gluten content of winter wheat with intercropping decreased, however, as for spring wheat the bread volume was relatively higher for intercropping. 

Introduction

Production of high quality bread wheat in organic farming is a challenge, especially with respect to winter wheat production. Wheat is a valuable crop in organic farming, and much effort has been put into optimizing yield and quality of organically grown wheat. It is well known that the bread-making quality of wheat is mainly related to the protein and gluten content of the grain and the flour. Therefore, the nitrogen (N) availability during growth and seed development must be optimised in relation to the crop rotation. A good pre-crop is typically one that leaves much available N in the soil. However, winter wheat is established in the autumn, at the beginning of the main leaching period, and winter wheat develops slowly during the autumn. This means that there is a high risk of leaching loss of the N released from the pre-crops.

This problem can be solved by shifting to spring wheat, as this may allow better management of N during the autumn. Catch crops can be established to reduce N leaching losses. If the pre-crop crops such as clover grass leys, the incorporation can be delayed until winter or early spring, to prevent autumn mineralization and leaching losses. 
The bread-making quality of the wheat is supposed to be affected by the catch crop system. In addition to the amount of gluten proteins in the grain, the composition of the gluten proteins have a great impact on the dough properties as water absorption, mixing stability, and bread volume. Therefore, it is of great interest to study the effect of different catch crop strategies on N-leaching and the resulting bread-making quality of the wheat.

Based on this, the objectives of this project was to test wheat cropping systems including catch crops. Growing catch crops in the autumn, followed by spring wheat in the next season is a well known method, expected to be effective in reducing nitrate leaching losses and increasing wheat yield. Alternatively, we established catch crops in wide spaced rows in early August, and sowed winter wheat approximately 5 weeks later. This was compared to growing spring wheat or winter wheat without catch crops. In addition to baking quality, root growth, N-leaching, wheat yield, N and S uptake, and baking quality of the harvested wheat were also studied. 
Methods

The experiments were located in Aarslev, Denmark and in Kiel, Germany. We established catch crops (cereal, crucifer or legume) in early August during three years.  We used these three types, but changed the choice of species from year to year in our attempt to optimize the intercropping systems with winter wheat. 


Before spring wheat, the catch crops were established in a normal stand, but where they should be intercropped with winter wheat, they were sown at a row distance of 0.48 m. Winter wheat was then sown at around 15 September, in normal pure stand, or in double rows between the already growing catch crop rows. The catch crops were incorporated into the soil during March next year. 

After harvest, the wheat was milled to flour with approximately 65 % yield. Protein and gluten content of grain and wheat flour was determined, and breads were produced from the flour using a standard laboratory baking test followed by measurement of the bread volume. Beside the bread volume it is also interesting to evaluate the sensory properties of the bread. For this purpose, we selected breads baked from spring and winter wheat from two different catch crops. The sensory analysis was done by a trained panel of 10 persons, and included textural and flavour attributes.

    
Results and discussion

The results of the gluten measurements are shown in Figure 1. Generally, % gluten was lower for wheat grown with intercrops and after pre-crops, and the difference between the crop species was non-significant. Oil radish as catch crop specie seemed to give the lowest value of gluten in the wheat.
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Figure 1. Gluten content of winter and spring wheat with different catch crop species (2003).
However, the winter 2002/2003 was extremely dry, and this favoured a high N-availability also in the reference with no catch crops. When gluten contents are related to the bread volume obtained from the baking tests, the influence of catch crops appeared to be different (Figure 2).
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Figure 2. Bread-volume of winter and spring wheat with different catch crop species (2003).
Most of the catch crops resulted in the same bread volume as the reference without catch crops, with exception of oil radish in winter wheat.  The same relationships were observed for the wheat from Kiel. 
This indicates that the catch crop system affected the functional properties of the wheat gluten in a way, which results in a better proofing of the dough, and a better retention of CO2. This effect was also observed in spring wheat following cultivation of grass clover (Eriksen et al., 2006). The sensory analysis of bread showed significant differences between winter and spring wheat for almost all the properties, and furthermore differences among catch crop species in textural properties as bread porosity and elasticity of the crumb were measured. 

The intercropping systems tried in this experiment were not successful, but the results showed that the normal winter wheat cropping system was better in using soil N than expected. Consequently, the winter wheat obtained appropriate bread-making quality. Pre-cropping and spring wheat gave a considerably increase in wheat yield, and the bread volume was almost equal for all treatments despite a lower gluten content of spring wheat with pre-crops. 
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