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ABSTRACT In the harvesting of straw for energy purposes, only the long fraction is 
currently collected. Technological developments have now made it possible to also 
harvest chaff. By mixing in this fraction with the straw swath at combine harvesting 
should be possible to increase the amount of harvest residues collected and the bale 
density could be expected to increase. These considerations suggest that there is potential 
to increase the productivity of fuel straw harvest and transportation. The objective of the 
study was to investigate how simultaneous harvest of straw and chaff influenced yield, 
bale density, field-drying behaviour and combustion characteristics. Field experiments 
were carried out during 2009 for long- and short-stalked winter wheat crops. Combine 
harvesting was carried out with two different types of combine harvesters. Baling of the 
crop residues was accomplished with a high-density baler. It was observed that mixing in 
chaff in the straw swath by combine harvesting compared with straw only gave a lower 
initial moisture content in the swath behind the combine. With respect to baling, the 
density and the weight of each bale were not affected by the treatments. On the other 
hand the added chaff increased the total yield of crop residues by 14 %, showing that 
about half of the biologically available chaff was harvested. Mixing in chaff increased the 
ash content by 1 percentage unit. This did not cause any significant change in net 
calorific value or ash melting behavior. 
 
Keywords: Combine harvesting, residues, straw, chaff, yield, bale, density, field-drying, 
energy, fuel, combustion.  
 
INTRODUCTION In the harvesting of straw for energy purposes, only the long straw 
fraction (i.e. from the straw walker of the combine harvester) is currently collected. The 
chaff fraction, that is the crop residues from the cleaning shoe, is normally left close to 
the ground below the straw swath. If it was also possible to collect the chaff fraction the 
total amount of harvested crop residues in wheat could theoretically increase by up to 
about 30 % (Claesson, 1980).  

The substantial amounts of crop residues in today's agricultural crops, combined with 
implementation of farming practices excluding plowing has created incentives for better 
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cutting and distribution of straw and chaff. For example, straw choppers and chaff 
spreaders are now capable of distributing crop residues across the entire working width of 
combine harvesters, at least 9 metres. With a concept recently developed by the 
manufacturer Rekordverken Sweden AB the chaff spreader, if desired, can be used to 
admix the crop residues from the cleaning shoe into the straw swath, Figure 1. This 
enables the possibility to also harvest the chaff fraction.   

 
 

Figure 1. With the "Combi System” chaff can be distributed across the working width of 
the combine harvester as well as be admixed into the straw swath. Corresponding settings 
are also possible when the straw chopper is running. The Combi System can currently be 
fitted to combine harvesters from Sampo Rosenlew, New Holland (model CSX) and John 
Deere (models W and T). Illustration: Rekordverken Sweden AB.  

By mixing chaff in with the straw swath at combine harvesting it should be possible to 
increase the amount of harvest residues collected and the bale density could be expected 
to increase. These factors suggest that there is potential to increase the productivity of 
fuel straw harvest and transportation. 

Better use of agricultural machinery and transport fleets also increases delivery security 
for straw. In addition, fields are cleaner after harvest, simplifying sowing of the next 
crop, and reducing the subsequent effect of pathogens and spreading of weed seeds.  

A detailed characterization of the content and combustion properties of chaff is not 
known except that the ash content can be up to 3 times higher than the ash content of 
straw. Generally, high content of silicon and potassium in a fuel in combination with low 
content of calcium indicates low ash melting temperature and problems with slagging, 
and high content of chlorine and potassium can cause fouling and high-temperature 
corrosion. Therefore it is important to investigate how an increased proportion of chaff 
influences combustion characteristics so that necessary measures can be taken to avoid 
problems during combustion.  

OBJECTIVE The objective of the project was to investigate how simultaneous harvest 
of straw and chaff influence yield, bale density, field-drying behaviour and combustion 
characteristics.  

MATERIAL AND METHODS The project was conducted as an introductory field trial 
in winter wheat harvest in 2009 on a farm in the middle of Sweden. The studies were 
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carried out in crops with long- as well as short-stalked varieties, Olivine and Kranich 
respectively. The combine harvesting was carried out at normal ripening stages and with 
normal stubble heights.  

Two different types of John Deere combine harvesters were used with somewhat 
different methods of kernel separation. At the harvest of the Olivin variety a conventional 
combine harvester was used, model John Deere WTS 9660i, with a cutting width of 7.5 
metres (25 feet). The harvest of the Kranich variety was carried out with a John Deere T 
560i with cutting width of 6.6 metres (22 feet). The latter combine harvester could be 
expected to carry out a greater mechanical manipulation of the straw because of its extra 
separation cylinders, intended to facilitate the separation of the kernels from the straw.  

The both combine harvesters were equipped with the Combi System from Rekordverken. 
As mentioned earlier this enabled them to mix the chaff in the straw swath as well as 
distribute this fraction over the working width, Figure 2. At combine harvesting these 
settings were used alternately in such a way that chaff were admixed in every other straw 
swath. The straw chopper was always shut off.   

 
Figure 2. Distribution of chaff over the entire working width at combine harvesting of 
winter wheat (variety Olivin) with the combine harvester John Deere 9660i WTS.  

Immediately after combine harvesting and then once a day, representative samples from 
both treatments were taken for determination of the moisture content of the crop residues. 
The day after combine harvesting crop residue samples were collected for analysis of 
combustion characteristics.  
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Crop residue moisture content analysis was carried out at JTI by drying in an oven for 3 
hours at 105 °C. Combustion analysis was carried out at SP measuring ash, sulphur, 
carbon, hydrogen, nitrogen and chlorine contents as well as calorific value and main ash 
forming elements.  

As soon as the straw had reached safe moisture content level for storage it was harvested 
with a high-density baler, model Claas Quadrant 1200, Figure 3. This machine produced 
bales with width and height of 120 and 70 cm respectively. The baler allowed for a user-
determined bale length, between 90 and 300 cm, and the machine was set to 
approximately 225 cm for the trials. Immediately after baling, every single bale was 
weighed in the field with a spring balance after which the bale density and the crop 
residue yield could be calculated.  

 
Figure 3. The straw was harvested with a high-density baler, Claas Quadrant 1200.   

RESULTS The outcome of the two combine harvesting occasions is summarized in 
Table 1. Both the winter wheat varieties were ripe and standing at the harvest time. The 
prevalence of weed was judged to be low.  

Table 1. Results from the combine harvesting 
Winter wheat, 
variety 

Date Time Combine harvester, 
model 

Grain moisture 
content (wet base), % 

Grain 
yield, kg/ha 

Olivin August 19 17:00-18:00 JD 9660i WTS  19 6 800 
Kranich August 29 15:00-16:00 JD T 560i  18.5 8 000 

The outcome of the moisture content measurements is given in Figure 4 and Figure 5. As 
shown in the diagrams admixture of chaff decreased the initial moisture content in the 
straw swaths. 



CIGR XVIIth World Congress – Québec City, Canada – June 13-17, 2010 5 

 
Figure 4. Moisture content (wet base) in the kernel and in the crop residues. Winter 
wheat, variety Olivin.  

 
Figure 5. Moisture content (wet base) in the kernel and in the crop residues. Winter 
wheat, variety Kranich. 
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The results from the weighing of the straw bales are summarized in Table 2. As shown in 
the table neither the average bale weight nor the bale density was affected by the 
treatments.  

Table 2. Average bale weight and density 
Winter wheat, 
variety  

Bale weight, kg Bale density, kg/m3 
Straw Straw and chaff Straw Straw and chaff 

Olivin 363 362 192 192 
Kranich 316 309 167 163 

In Figure 6 is reported the amount of harvested crop residues per hectare for the different 
treatments. As shown in the diagram mixing in chaff increased the amount of harvested 
crop residues by about 400 and 700 kg per hectare respectively. This meant that the crop 
residue harvest was increased by an average of 14%.  

 
Figure 6. The amount of harvested crop residues.  
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Analyses of ash, chlorine, sulphur, silicon, iron and net caloric values are shown in Table 
3. Ash melting behavior is given in Table 4. 

Table 3. Content in dry substance of ash, chlorine, sulphur, silicon, iron and net calorific 
value 
 Variety Olivin Variety Kranich 
 Straw  Straw & chaff  Straw  Straw & chaff  
Ash, weight-% ds   8.9  10.1  9.9  10.7 
Chlorine, Cl, weight-% ds  0.21  0.12  0.08  0.07 
Sulphur, S, weight-% ds  0.12  0.12  0.09  0.12 
Silicon, Si, weight-% ds  31.6  34.1  32.8  35.3 
Iron, Fe, weight-% ds  0.15  0.12  0.14  0.11 
Net calorific value, MJ/kg ds  16.5  16.34  16.48  16.29 

Table 4. Ash melting behavior according to CEN/TS 15370-1 
 Variety Olivin Variety Kranich 
 Straw  Straw & chaff  Straw  Straw & chaff  
Shrinkage temp.  SST °C 750 760 780 790 
Deformation temp.  DT °C 850 860 990 980 
Hemisphere temp. HT  °C 1120 1160 1240 1150 
Flow temp. FT  °C 1230 1300 1310 1270 

The four samples differed significantly in ash content. The ash content in the samples 
with straw and chaff was about 1 percentage unit higher compared with the samples 
without chaff; i.e. an ash weight increase of 10 %. The content of silicon increased and 
the content of iron decreased as illustrated in Figure 7 and Figure 8. The net calorific 
value decreased slightly, which may be expected given the previously mentioned increase 
in ash content. 

Ash melting behavior was tested with the new European standard, where DT resembles 
IT in the old standard. When the samples from the same date are compared the difference 
in DT is insignificant.  
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Figure 7. Content of silicon and potassium in the four samples. 

 
Figure 8. Content of aluminum, iron, barium and zinc in the four samples. 
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DISCUSSION The measurements of crop residue moisture content immediately after 
combine harvesting showed that admixture of chaff decreased the initial moisture content 
in the straw swaths. This beneficial effect is coherent with previous studies that showed 
that the moisture content in a cereal crop normally declines with increasing distance to 
the ground (Lundin, 1985). Already some day after combine harvesting the differences 
between the treatments were leveled out.  

It is to be noted that during the time between combine harvesting and baling no 
precipitation occurred. Admixture of chaff could cause the straw swaths to become more 
compact and therefore more difficult to dry after rain.  

The measurements of bale weight and density did not reveal any differences between the 
treatments. It could have been expected that the admixture of the relatively small chaff 
particles would cause an increased density of the bales filling interstitial space between 
the long straw. The observed outcome may be related to the fact that modern high-density 
balers operate at such high pressures that interstitial space between long straw is already 
high limited. Even when only long straw is harvested there is only a very limited space in 
the bales to fill with smaller particles.  

In light of this analysis, it is possible that with other types of baler operating at lower 
pressures than the high-density balers an increased density with admixture of chaff may 
have been achieved. One possible example is round balers. A disadvantage for round 
balers is however that these machines are relatively vulnerable to leakage when 
harvesting material containing small particles.  

The admixture of chaff meant that the amount of harvested crop residues increased by 
14%. This outcome could be compared with the previous mentioned biological potential 
of about 30 %. Accordingly about half of the total amount of chaff was harvested in the 
straw bales. This is coherent with previous experiences as reported by the manufacturer 
of the straw chopper and chaff spreader in question. According to Rekordverken about 
55-60% of the available chaff is admixed in the straw swath when the Combi System is 
applied. It was also pointed out that significant amounts would be lost if the swaths were 
turned over (Holmén, 2009). 

That the increase of harvested crop residues when mixing in chaff was larger with the 
conventional WTS combine harvester than with the T model was not expected. As the 
latter type is equipped with specific separation cylinders, the straw should have been 
subjected to more mechanical manipulation and thus more chaff is generated. Holmén 
(2009) indicates that with the John Deere T-systems the amount of crop residues 
transported to the cleaning shoe is increased by 20% compared to conventional combine 
harvesters. Furthermore, according to earlier experiences a swath of bruised straw has a 
greater ability to retain the chaff than a swath of more intact straw (Persson, 2009). It is 
important to consider however that the combine harvesters were used at different points 
of time and in different wheat crops. The results are therefore not directly comparable.  

The combustion analyses showed a slight increase in ash content when chaff were mixed 
in. This did not cause any significant change in net calorific value or ash melting 
behavior.  
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Finally, it should be emphasized that the present study was introductory in nature. In 
order to draw further conclusions more extensive trials are necessary.  

CONCLUSIONS 

• In an introductory field trial chaff were simultaneous harvested with straw. 
• Admixture of chaff in the straw swath by combine harvesting gave proportional 

low initial moisture content in the swath behind the combine. 
• The bale density and weight was not affected by the treatments. 
• The added chaff increased the total yield of crop residues by 14 %, i.e. about half 

of the biologically available amount of this fraction was harvested. 
• Mixing in chaff increased the ash content by 1 percentage unit. No significant 

change in net calorific value or ash melting behavior was observed. 
• In order to draw further conclusions more extensive trials are necessary.  
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