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1. Introduction 

A conventional combine harvester collects most of the seeds retained on the weed 
plants at crop harvest and separates the majority of the weed seeds, together with 
the chaff, from the grains. Afterwards, it expels the weed seed fraction mostly in 
the chaff and returns it to the field, where they could potential germinate  and cause 
further weed problems  in the subsequent growing seasons. In recent years, harvest 
weed seed control (HWSC) has been adopted in many places in the world to reduce 
weed infestations on arable fields (Tidemann et al., 2017; Walsh et al., 2018). This 
process takes advantage of seed retention at maturity by collecting weed seeds as they 
pass through the combine harvester. The seeds can then be removed from the field or 
destroyed immediately using a seed destructor, which is an aggregate placed behind 
the combine, pulverizing and destroying seeds (Walsh et al., 2012), or other methods 
(Jakobsen et al., 2019). Problematic weeds like cleavers (Galium aparine L.) retained 
100% of their seeds at wheat harvest in Denmark (Glasner et al., 2019); rigid ryegrass 
(Lolium rigidum Gaud.) retained 85% at wheat harvest in Australia (Walsh, Powles, 
2014), and Italian ryegrass (Lolium perenne L.) retained 58% at wheat harvest in the 
United States (Walsh et al., 2018) showing that they are creating an ideal opportunity 
for seed collection during the grain harvest. In general, there is great potential to 
reduce weed infestation in arable fields by HWSC (Akhter et al., 2023; Bitarafan, 
Andreasen, 2020a; 2020b; 2020c; Walsh et al., 2018).   

Chaff is a by-product of grain harvest comprises weed seeds and husk. Collected 
chaff can be moved into a bulk bin attached to a combine harvester by a transfer 
mechanism that delivers the chaff containing weed seeds. The chaff can then be 
removed from the field and used as a new biomass feedstock (Glasner et al., 2018). 
Chaff can be utilized as a renewable energy feedstock, material for construction (e.g., 
insulating boards, cardboard, bedding), soil improvement (e.g., mulch, mushroom 
compost), and for agricultural purposes (e.g., weed growth inhibitor, animal diet). 
However, chaff has a low bulk density, making it troublesome to handle and store as it 
takes up a large space. Therefore, compressing chaff into pellets improves its handling 
and reduces the storage area. 

Transportation and use of pelletized chaff containing weed seeds may pose a risk 
of spreading problematic plant species, including herbicide-resistant genotypes of 
weeds or invasive plant species. Therefore, it is important to investigate whether 

Abstract: Material exiting the harvester is composed of chaff and straw. 
Chaff is a by-product of grain harvest comprises  weed seeds and husk. 
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low bulk density. Therefore, compressing chaff into pellets can improve 
its handling. In this preliminary study, we assessed how pelletizing would 
affect the germinability of weed seeds in the chaff pellets. Whole wheat 
chaff and fine wheat chaff sieved were mixed with seeds of the two weed 
species scentless mayweed (Tripleurospermum inodorum (L.) Sch.Bip.) and 
cornflower (Centaurea cyanus L.), respectively. While 22% of T. inodorum 
seeds and 59% of C. cyanus seeds in wheat chaff samples were able to 
germinate, no weed seeds germinated from moist pelletized original 
and fine wheat chaff samples. The study indicates a low risk of spreading 
weed seeds with pelletized chaff probably because the heating during the 
pelletizing process kills the weed seeds. 
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pelletized chaff poses a risk of spreading weed seeds. We 
studied two types of pelletized chaff supplied with weed 
seeds of the two species scentless mayweed (T. inodorum) 
and cornflower (C. cyanus) to test whether the seeds in 
the pellets were able to germinate after water uptake. The 
weeds species were chosen because they have different 
seed size and weight and a relative high germination 
percentage. Tripleurospermun inodorum is a common weed 
in Europe while C. cyanus is less widespread (Andreasen, 
Stryhn, 2012; Kraehmer et al., 2020). In this study, we 
examined two types of pelletizing chaff containing weed 
seeds to determine whether the seeds in pellets were able 
to germinate after water uptake.

2. Material and Methods

2.1 Chaff and Weed Seeds

Chaff was collected from a winter wheat field that 
was harvested by the company Claas Selbstfahrende 
Erntemaschinen GmbH, in Germany, and then sealed 
before storage. The chaff had a bulk density of 34 g L-1 and 
consisted mainly of husks with a mean length of 0.8 cm and 
straw with a length of 1–20 cm.

Original wheat chaff and fine wheat chaff which was 
pretreated by sieving (see 2.2 Pelletizing of Chaff) were 
mixed with seeds of the weed species scentless mayweed 
(T. inodorum) and cornflower (C. cyanus), respectively. 
They were chosen due to their different seed sizes, 
weights and relatively good germination ability. The mean 
size and weight were 2.3 mm × 1.0 mm and 0.4 mg for 
scentless mayweed, and 3.7 mm × 1.8 mm and 4.5 mg for 
cornflower (Figure 1). The seeds were collected from fields 
at the research station of the University of Copenhagen in 
Taastrup (55°38´N, 12°17´E), Denmark, dried, and stored  
at 5 °C. 

Based on weight, approximately 2,000 seeds of 
each weed species were added to 2,500 g of chaff (20% 
moisture). 5 × 100 seeds were weighed (T. inodorum: 100-
seed weight = 0.03386 g (SD = 0.00112 g); C. cyanus: 100-
seed weight = 0.3407 g (SD= 0.1374 g). The treatment was 
replicated four times. 

2.2 Pelletizing of Chaff

The pelletizing process was carried out at Fraunhofer 
Institute for Environmental, Safety, and Energy Technology 
UMSICHT, Germany. The pelleting press used was an 
Amandus Kahl pelleting press, type 14-175 (Amandus 
Kahl GmbH & Co. KG, Dieselstrasse 5–9, 21465 Reinbek, 
Germany) as shown in Figure 2. The die had a bore diameter 
of 6 mm and a length of 30 mm.

The temperature at the outer side of the die was 
monitored with a thermocouple. The press was manually 
fed from the top and produced pellets were collected on a 
vibrating sieve with a mesh size of 4 mm and a total length 
of 1.3 m.

As pre-treatment, the wheat chaff was initially subjected 
to sieving using a drum screen. The sieve holes in the first 
half of the drum screen were circular, with a diameter of 8 
mm, while the sieve holes in the second half were elongated 
with a length of 21 mm and a width of 8 mm. This pre-
sieving process resulted in the sorting out of 20% (w/w) 
of the original chaff fraction, which consisted mainly of 
straws. The fine fraction, which primarily comprised small 
thin straws of up to 5 cm in length and husks, had a bulk 
density of 50 g L-1.

The pelletizing experiments were conducted using 
both the original chaff and the fine fraction. The fine chaff 
fraction did not require any milling. Starch was used as a 
binder and mixed with dry material  and water to  achieve 
the intended initial water content (20%) for the pelletizing 
experiments. The ingredients were mixed in a conventional 
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Figure 1 -  a. Seeds of scentless mayweed (Tripleurospermum  inodorum) and b. cornflower (Centaurea cyanus)
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cement mixer for at least 20 min. Before each treatment, the 
die was preheated until the thermocouple on the outer side 
of the die registered a temperature above 50  °C to obtain 
the glass transition temperature of the straw (between 53 
and 63 °C) (Whittaker, Shield, 2017). The die was preheated 
by adding pre-ground material to the running pellet press 
until the selected temperature was reached, where after the 
feed was switched to the desired feedstock. After 5–10 min, 
the pellets were collected, ensuring that the initial material 
was completely flushed out. Then the pellets were cooled 
down at room temperature, stored in a sealed box and sent 
to the University of Copenhagen, Denmark, to be tested for 
seed germination. A detailed description of the pelleting 
apparatus and procedure has been published by Weiss and 
Glasner (2018).

2.3 Germination Experiment

Pelletized samples were spread evenly on the peat 
soil surface (Pindstup mixture 2) (Pindstrup mosebrug, 
Ryomgaard, Denmark), in 14 × 16 cm boxes (Figure 3a) 
and covered with a thin layer of sand. Unpelletized chaff 
samples were used as controls. The boxes were placed 
in a greenhouse (mean temperature 20 °C) and watered 
from the bottom. Natural light were supplemented  
with artificial light from HPS SON-T 400 W lamps 16 
hours day-1. Seed germination was recorded over the 

Figure 2 - Amandus Kahl pelleting press, type 14-175 (Amandus 
Kahl GmbH & Co. KG, Dieselstrasse 5–9, 21465 Reinbek, 
Germany) (modified after Weiss and Glasner [2018])

A B C

Figure 3 - a. Boxes with pelletized chaff containing weeds seeds. b. Germinating seeds from unpelletized chaff samples containing 
weed seeds from the field (e.g., grasses) and added scentless mayweed (T. inodorum) seeds. c. Germinating seeds from unpelletized 
chaff samples containing weed seeds from the field and added cornflower (C. cyanus) seeds
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5. Conclusions

None of the weed seeds germinated in pelletized 
original and fine wheat chaff samples, while 22% and 59% 
of T. inodorum and C. cyanus seeds germinated in wheat 
chaff samples (the controls), respectively. The results 
indicated that the pelletizing process probably destroyed 
the germinability of the weed seeds in the pellets. 

However, given that no experiment was conducted to 
test for seed dormancy induced by the pelletizing process, 
it remains possible that some seeds may have become 
dormant, which need to be studied in the future.

Other weeds may react differently on the pelletizing 
process. Therefore, the effect of the pelletizing process on 
other species should be studied, for example, heat tolerant 
species like Portulaca oleracea L. and Amaranthus retroflexus 
L. and grass species (e.g., Sorghum halepense (L.)  Pers.) 
(Egley, 2017). 

Compressing chaff into pellets improves its handling 
and reduces the storage area, and our preliminary results 
indicate that the pelletizing process kill the weed seeds in 
the chaff.

Consequently, our results did not identify any 
significant risk of spreading weed seeds with pelletized 
chaff, even if it is spilt or left on the soil during transport  
and storage. 
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course of one month (2 Februar 2019 to 3 March 2019). 
The seedlings was counted and removed every week.  
No seedlings emerged in the last week.

3. Statistical analyses

The germination percentage was compared between the 
control group and the seeds from the pelletized chaff using a 
logistic regression. Standard errors (SE) of the germination 
percentages were estimated.  

4. Results and Discussion

In all four replicates, no weed seeds germinated in 
pelletized original and fine wheat chaff samples (SE = 0) 
(Figure 3a). In contrast, in the controls, 22% (SE = 9.8) and 
59% (SE = 8.6) of T. inodorum and C. cyanus seeds germinated 
in wheat chaff samples, respectively (Figure 3b, c).  
Hence, the germination percentage of seeds in the control 
group were significantly higher than the seeds from the 
pelletized chaff (p < 0.0001).  

The results indicate that the pelletizing process probably 
destroyed the germinability of weed seeds in the pellets. 
Therefore, we do not expect any risks of spreading weed 
seeds with chaff pellets, for example, during transport  
or storage.

The compression of the seeds during the pelletizing 
process may caused crushing or physical damage. 
Additionally, the temperature required to reach the glass 
transition temperature of straw, which ranges from 53 to 
63 °C (Whittaker, Shield, 2017) could have harmed the 
seeds. For many plant species, high germinability of dry 
seeds is best maintained at low temperatures and declines 
at increasing temperatures (Solberg et al., 2020). 

The weed seeds may have absorbed moisture 
from the chaff during the pelletizing process, which 
could have made them even more susceptible to heat 
damage. When most imbibed seeds are exposed for 
temperatures exceeding 40–43°C, essential enzymes start 
to degrade, negatively affecting the seeds’ germinability  
(Vegis, 1963). 

We cannot exclude the possibility that the pelletizing 
process could have induced seed dormancy in some 
seeds because we did not test seed germination from 
the pellets after storage at low temperatures for a more 
extended period to release dormancy. Neither did we 
conduct any other kind of treatments to release eventual  
seed dormancy. 

The results revealed that the success of pelletizing 
was highly dependent on the water content of the feed, 
underscoring the importance of precise conditioning 
(Weiss, Glasner, 2018). Pre-sieving the chaff was found 
to be beneficial for enhancing its handling properties, 
as evidenced by the analysis of presorted and original  
chaff samples. 

https://en.wikipedia.org/wiki/Carl_Linnaeus
https://en.wikipedia.org/wiki/Pers.


Weed seeds in chaff pellets

5Adv Weed Sci. 2023;41:e020230002https://doi.org/10.51694/AdvWeedSci/2023;41:00015

References

Akhter MJ, Sønderskov M, Loddo D, Ulber L, Hull R, Kudsk P. Op-
portunities and challenges for harvest weed seed control in Eu-
ropean cropping systems. Eur J Agron. 2023;142. Available from:  
https://doi.org/10.1016/j.eja.2022.126639

Andreasen C, Stryhn H. Increasing frequency of weed species in Dan-
ish beet, pea and winter barley fields. Crop Prot. 2012;36:11-7. Available 
from: https://doi.org/10.1016/j.cropro.2012.01.012

Bitarafan Z, Andreasen C. Harvest weed seed control: seed production 
and retention of fallopia convolvulus, sinapis arvensis, spergula arven-
sis and stellaria media at spring oat maturity. Agronomy. 2020b;10(1):1-
10. Available from: https://doi.org/10.3390/agronomy10010046

Bitarafan Z, Andreasen C. Seed production and retention at maturity 
of blackgrass (Alopecurus myosuroides) and windgrass (Apera spi-
ca-venti) at wheat harvest. Weed Sci. 2020a;68(2);151 -6. Available 
from: https://doi.org/10.1017/wsc.2020.7

Bitarafan Z, Andreasen C. Seed retention of ten common weed 
species at oat harvest reveals the potential for harvest weed 
seed control. Weed Res. 2020c;60(5):343-52. Available from:  
https://doi.org/10.1111/wre.12438 

Egley GH . High-temperature effects on germination and surviv-
al of weed seeds in soil. Weed Sci. 2017;38:429-35. Available from:  
https://doi.org/10.1017/S0043174500056794

Glasner C, Vieregge C, Robert J, Fenselau J, Bitarafan Z, Andreasen C. 
Evaluation of new harvesting methods to reduce weeds in arable fields 
and collect a new feedstock. Energies. 2019;12(9):1-13. Available from: 
https://doi.org/10.3390/en12091688

Jakobsen K, Jensen JA, Bitarafan Z, Andreasen C. Killing weeds with 
exhaust gas from a combine harvester. Agronomy. 2019;9(9):1-13. 
Available from: https://doi.org/10.3390/agronomy9090544 

Kraehmer H, Andreasen C, Economou-Antonaka G, Holec J, Kali-
vas D, Kolářová M et al. Weed surveys and weed mapping in Europe: 
state of the art and future tasks. Crop Prot. 2020;129. Available from:  
https://doi.org/10.1016/j.cropro.2019.105010

Solberg SØ, Yndgaard F, Andreasen C, von Bothmer R, Loskutov 
IG, Asdal Å. Long-term storage and longevity of orthodox seeds: 
a systematic review. Front Plant Sci. 2020;11:1-14. Available from:  
https://doi.org/10.3389/fpls.2020.01007 

Tideman BD, Hall LM, Harker KN, Beckie HJ, Johnson EN, Stevenson 
FC. Suitability of wild oat (Avena fatua), false cleavers (Galium spuri-
um), and volunteer canola (Brassica napus) for harvest weed seed 
control in western Canada. Weed Sci. 2017;65;769-77. Available from:  
https://doi.org/10.1017/wsc.2017.58

Vegis A. Control of germination, bud break, and dormancy. In: Evans 
LT, editor. Environmental control of plant growth. New York: Academic; 
1963. p. 269-70 

Walsh M, Powles S. High seed retention at maturity of annual 
weeds infesting crop fields highlights the potential for harvest weed 
seed control. Weed Technol. 2014;28(3):486-93. Available from:  
https://doi.org/10.1614/WT-D-13- 318 00183.1 

Walsh MJ, Broster JC, Schwartz-Lazaro LM, Norsworthy JK, Davis AS, 
Tidemann BD et al. Opportunities and challenges for harvest weed seed 
control in global cropping systems. Pest Manag Sci. 2018;74;2235-45. 
Available from: https://doi.org/10.1002/ps.4802 

Walsh MJ, Harrington, RB, Powles SB. Harrington seed destructor: a 
new nonchemical weed control tool for global grain crops. Crop Sci. 
2012;52(3):1343-7. Available from: https://doi.org/10.2135/crops-
ci2011.11.0608

Weiss BD, Glasner C. Evaluation of the process steps of pretreat-
ment, pellet production and combustion for an energetic utiliza-
tion of wheat chaff. Front Environ Sci. 2018;6:1-10. Available from:  
https://doi.org/10.3389/fenvs.2018.00036

Whittaker C, Shield I. Factors affecting wood, energy grass and straw 
pellet durability: a review. Renew Sustain Energy Rev. 2017;71;1-11. 
Available from: https://doi.org/10.1016/j.rser.2016.12.119 


