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of operating speeds (700…1300 rpm) the high speed impact 
action of this cage mill consistently destroyed greater than 
90% of ryegrass seed present in wheat, barley, and lupin 
grain crop cha�  samples (Fig. 1b). At 700 rpm, ryegrass 
seed destruction was high (>85%) and was further elevated 
with increasing mill speeds to maximum seed destruction 
levels of >94% at the fastest mill speed of 1300 rpm. There 
were no di� erences (p > 0.05) in ryegrass seed destruction 
due to the type of crop cha�  material being processed.

Harrington Seed Destructor System 
Capacity to Destroy Weed Seeds during 
Commercial Grain Harvest
Following the successful evaluation of the stand-alone 
cage mill, a prototype HSD system was constructed and 
attached to a commercial grain harvester (Fig. 2). This 
system was assessed by introducing known weed seed 
quantities directly into the front of the harvester during 
commercial wheat harvest. The resulting processed weed 
seed-bearing cha�  material was also collected during har-
vest to assess the survival of the introduced weed seeds. The 
action of HSD system processing of wheat cha�  resulted 
in over 90% destruction of ryegrass, wild radish, wild oat, 
and brome grass seeds. The largest e� ect was observed on 
the larger seeded brome grass and wild oat, both of which 
incurred 99% (±0.1) seed destruction, followed by rye-
grass with 95% (±0.8). Slightly lower seed destruction, 93% 
(±2.6), was observed for wild radish introduced as seed 
contained within the hardened silique (pod) segments. In 
further studies, 98% ryegrass seed destruction was main-
tained across a wide range of cha�  quantities (0.1…0.5 t ha…1) 
produced during the grain harvest of typical commercial 
wheat, barley, and lupin crops. The range in cha�  quanti-
ties was achieved by varying harvester swath widths while 
maintaining constant harvester speed for 20 m long crop 
strips. For all three crops there was no e� ect (p > 0.05) of 
cha�  quantity on ryegrass seed destruction in wheat 99% 
(±0.1), barley 99% (±0.1), or lupin 99% (±0.1) crops.

Herbicides are the current paradigm for crop weed 
control and the HSD system is envisioned as a completely 
new and complimentary weed control technology for 
modern conservation crop production systems. The 
possibility of an e� ective at-harvest system for targeting 
of weed seeds and preventing their input to seed banks 
has been a long held but unrealized objective (Norris, 
2007). It is the soil seed bank of annual weed species 
that is key to their persistence in all of the world•s 
grain producing regions and there is no doubt that the 
prevention of fresh seed inputs is essential in long-term 
sustainable weed population decline (Cavers and Benoit, 
1989). Although targeting weed seeds by hand control has 
been practiced since antiquity the HSD is a new tool for 
modern industrialized large scale crop production systems. 
Researchers have envisioned the potential for mechanical 

HWSC systems to target crop weed seed but studies did not 
extend beyond the laboratory (Balsari et al., 1994; Gossen 
et al., 1998; Hauhouot-O•Hara et al., 1998). Here, we 
have developed and proved a mechanical HWSC system 
with the ability to destroy very high proportions of crop 
weed seed under commercial grain harvest conditions. On 
very large crop � elds we demonstrated the ability of this 
system to destroy crop weed seeds entering the harvester 
during harvest of major grain crops. A further indicator of 
the potential widespread applicability of the HSD system 
was that consistently high weed seed destruction was 
maintained with varying crop cha�  type and quantity. This 
system with its ability to e	  ciently process large quantities 
of cha�  to destroy infesting weed seeds represents a new 
and unique weed control tool, potentially e� ective for any 
weed species in which weed seeds remain on plants at the 
time of grain harvest.

The HSD system, by retaining in the � eld all crop 
harvest residues, creates the opportunity to realize the 
full bene� ts of a conservation farming system and ethos. 
Current Australian HWSC systems targeting weed seeds 
at harvest (e.g., cha�  carts, residue baling, and windrow 
burning) all result in the loss of valuable crop residues from 
the � eld (Walsh and Powles, 2007; Walsh and Newman, 
2007). The preservation of all available residues in a 
conservation cropping system is critical in delivering the 
full bene� ts of this system for agro-ecosystem productivity 
and sustainability. Residue retention has been demonstrated 
to improve the conservation of soil moisture (Incerti et al., 
1993), enhance soil structure (Díaz-Zorita et al., 2004), 
allow soil organic C sequestration (Potter et al., 1997), and 
reduce soil erosion (Fryrear, 1995).

The introduction of the HSD system as a new and unique 
weed control tool for broad area cropping systems has the 
potential to dramatically improve the management of annual 
weed species in grain production systems. As established 
here, this system destroys very high proportions of weed 
seeds during the harvest operation, preventing their input 
to the soil seed bank. Preventing seed bank augmentation 
is critical to the long-term management of annual weed 
species (Davis, 2008; Norris, 2007; Taylor and Hartzler, 
2000). In Western Australia the annual use of HWSC 
systems, cha�  cart or narrow-windrow burning, have been 
proven to reduce in-crop annual ryegrass emergence by over 
90% in just 4 yr (Newman, 2009). Despite this the adoption 
of these systems is hampered by constraints associated 
with postharvest management of collected cha�  residues. 
The ability of the HSD to e� ectively intercept weed seed 
inputs without interfering with commercial grain harvest 
represents a signi� cant technological advance for the grain 
production industry. Currently, we are conducting extensive 
� eld trials of the HSD system across a broad range of agro-
ecosystems with a view to commercialization of this system 
for Australian and world agriculture.




