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PROJECT REPORT

Executive Summary

Burning crop residues to destroy weed seeds is one of the oldest cultural weed control
measures in agriculture. While information exists on annual ryegrass and wild radish,
very little is known about the potential efficacy of burning other weed species that
impact on low rainfall cropping systems in southern Australia. A study was conducted
to simulate stubble burning by treating weed seeds to high temperatures for differing
durations. Seeds of all species could be killed with heat, however there were differences
in tolerance to heat. Duration of heat treatments had a significant impact on the efficacy
on weed seeds in all species. Seeds of most weed species could be killed by simulating
conditions similar to burning narrow windrows that can achieve high temperatures for
prolonged durations. Variation in the efficacy of narrow windrow burning observed in
the field is likely to be related to the differences in weed seeds that can be collected at
harvest and placed into harvest windrows.

Project Objectives

e Determine temperature thresholds for killing the seeds of common weeds for
low rainfall farming systems in South Australia.

e Enable farmers to assess the value of narrow windrow and other burning
strategies as integrated management tools for these weeds and ultimately to
manage weeds more effectively.

Overall Performance

The project was successful in determining temperature (and time) thresholds for killing
the seeds of the following weed species from low rainfall farming systems:




The information has beon presented to farmers via articles in regional compendinms of
Fyre Peninsula [Attachment 2, 3], SA/VIC/NSW Mallee and Upper North, Information
has been presented to farmers al Harvest Report farmer meetings across the upper Eyre
Peninsula and the SA/VIC/NSW Mallee,

Difficultes:

{o-operators:

Lincoln weed

Indian Hedge mustard
Onion weed

Rarley grass

Lrome grass

Statice

Annual ryegrass

Witd turnip

Mallow

Delays in delivery due to issues with obtaining the kiln from the TS in a timely
manner and hard wiring of kiln took longer than anticipated.

Changes of personnel within MSF meant the opportunity to gather burning
temperature data in that region was missed.

Wild oats secds had issues with germination [even witheut burning}, and so
were excluded from the burning trials.

»  SARD (Naomi Scholz, sub-contracting and project coordination; Amanda Coak,
collection of weed seeds from EP, development of field burning measwrement
protocols [Attachment 1], collection of field burning data) :

o University of Adelaide (Ben Fleet, determining temperature /time thresholds,
provision of report {Appendix 1]) lr

o MSF (Stuart Putland, collection of weed seeds for burning) :

» UNFS {Ruth Sommerville/Barry Mudge, collection of weed seeds for burning, i
collection of field burning data)

Key Performance indicators ?t"l__{P-.l'] T LT T
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i exposed to kiln temperatures
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Kleeman weed seeds exposed Y 10 wwd species tested. ‘3 species
to kiln temperatures and reported {Wild cats excluded from
germinated results, issues with germination).
F5 gproups and SARDI collected Y MSF, HNFS and SARDI (upper EF)
wead seads | supplied weed seeds for tosting,

' Project collectnd sceds ¥ 10 weed species tesled.




. Dormant weed populations were not:
used in this study as they would have
confounded weed seed kil results, The
effect of heat on weed seed germination
woere examined aver Lhe range of
temperatures and durations. Only barley
grass and brome grass showed small
increase in gerinination when exposed
Loy shoet durabions of heat treatment, lut
this was non-significant,

Changes of personael within MSEF meant
the npportunity to gather burning
temperature data in that region was

[ield burn measurements conducted by
SARDT {upper ETY and 1INFS.

All weed seed samiples _ I r
L assossed for changes in |

dormancy : |

: |
IS groups and SARDI Partial
monitored field burns
missod.
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Table 1, Paddock details, crop type, stubble and weather conditions af burning in autiami

“11 mm received between 20-27 April
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Figure 1. Burning temperatures (°C) over time (seconds) of windrows (wheat and canola)
prior to seeding in 2017 at Minnipa Agricultural Centre,
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Figure 2. Burning temperatures (*C) over time (seconds) of windrows (wheat and canola)
prior to seeding in 2017 in the Upper North, SA.

[SOURCE: Attachment 2 Burning temperatures of harvest windrows and standing stubbles]




Table 2, Ranking of weed seed tolerance to heat friom {eost to the mast tolerant,
Rank Weed X for HE(SEM}  HIR? r
1 Lincofn weed 6231 (325) (.78 F0.000)
2 Indian Hedge Mustard 10021 me29) 0.70 Pl A e HI v :
3 Cinten weed 15028 £397) 0.77 P a00f :
4 Barley sy 16043 /373) 042 P eI |
5 Brome grass 16070 £62) 0.F3 P00 :
3] Stalive 16618 [205) (l.BE P aind ;
;7 Annual rycgrass LTR05 (474) 078 P i :
1 8 Wild 'Lurnip ERADS f84) .74 P 0 !
., MWallogy 21197 (1443) .44 Fr il
SEM - Stendard ereor neewn
Toble 3. Effect of heat an Barley grass seed viability (% survival).
Temperaiure ')
Pruration (s) 2810 250 300 350 400 d 50
20 07 o VOO o a7 e BT e O o 57 be
41) 6 a 100 o 100 & fi2 & 104 (LI
il 07 o 06 o ale e Pe e
Pl il L0668, ov rep--5.0%, =80 reduction bolded
Tuble 4. Effect of heat on Brome grass seed viability (% survival).,
i Temperature (*C)
[ Duration {&) 200 25 300 350 41} 430
5 20 LMD o YWa  1Ma Ol o h o pRA
a0 97 a 9ia 98 o 59 b 7¢ 0c
i Hi OF o 59 & T2 b 2¢ i} ¢ 1% ,
i Hi 004 LALY- 16,07, ov rep-5 8%, =80% reduction holded |
Table 5. Effect of heat on Annual Ryegrass seed viohility (% survival),
Temperatare {*C) ;
Duration (5} 200 250 308 350 400 450 :
210 93wk 98 u 0% a a8 a 03 ah M0 h
41) 93 o BT et 99 & ER e e
GU 99 ¢ 95 e 82 h A 1 £l e
P 0g) LIN=14 44, ov pep—3 228 =80% reciuction bolded
Table 6, Effect of heat on Union weed seed viability {9 survival).
Temperaiure ("C)
Duration {s) 2600 2510 300 350 400 454)
) 84 1l B3 b B8 ud Q0 wh K2 b B e
: 4) a1 ab BU znh Ul ah Jte 1 0
; 6l a7 ab 86 b L1 0y o 04 d
; P, LND—15.31, cv rep—7, 9%, =80% reduveriun bolded
'
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Tuble 7. Effect of heat on Statice seed viobility (% survival).

Temperature ("C}

TDraration (5) 200 251 S0 350 400 45
210 96 afb 93 ah 04 ab EO i B4 ¢ Bi b
40 Q8 b 92 ub 9T b Th 46 ¢ de
Gl 24 gh 9 eth i85 e 244 e 4a
Ftl i, D14 560 o rep-3.35 =80% redfuciion halded
Tuble 8. Effect of heat on Mallow seed viahility (4 suivival).
Temperature ("C)
Truration (s) 260 251} 300 350 44 451
21) [ () 92 ah D5 b 104 ¢ (00 & 104«
41) 07 ah 75 ah [0 & 104} v 92 ab 3¢
il Q2 ub BE ab 05 ah 44 b 66 b D¢
F=0.001, LED=3226, cv rep3. 1%, =805 recliction bolded
Table 9. Effect of heat on Linceln weed seed viahility (4% survival).
Temperature {C)
Druraiion {5} 24600 2151} 3(H) 350 401 451}
20 97 92 & H2 b 11e 0e e
40 A9 4 1R e 18 Ge Dc e
Gl 18 ¢ Jeo 0 b b e

P00, LED-28.87, cvrep—17.1%, =802 rechuntins bolded

Table 10. Effect of heat on Indian Hedge Musturd seed viability (Y% survival).

Temperature ("C)

Duration (5} 200 250 ) 350 430 45)
20 T4 &6 he . S &9 h e
4 EER 53¢ 47 e e 0e Oe
ik a9 & 1% ¢ | 3 e le De

P07, LSD-12.35, cvrep 4. 2%, =80% veduction holded
Table 11. Effect of heat on Wild Turnip seed viahility (% sutvival).
Temperatore (°C)

Durafion (3) 200 250 300 350 41 451}
Pl O o 98 O o 100 a 100 QLY e
4) v g 0% o 08 o o0 ¢ 0w 0
al) 100 & 99 OF o 32 5 e e

P G, DET=2140, cv rep—3.7%, =80% reduction bolded

[SOURCE: Appendix 1 5416 - Bumning of woed seeds in low rainfall fanmng systems —

Universily ol Adelaide report|
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Condlusions Reached &/ mDIScﬂvEllE‘iMﬂdﬂ e

s  Sceds of Lincobn weed, Indian Hedge mustard, Onion weed, Barley grass, Brome
grass, Statice, Annual ryegrass, Wild turnip and Mallow could be killed will heat,
however there were differences in tolerance to heat.

¢ Duration of heat treatments had a significani impact on the efficeey on weed
seedy inall species tested. !

» Cereal windrow burning achicved temperatures in excess of those required to |
achjeve high levels of weed seed mortality, except in paddecls which had 11 mm
of rainfall the week hefora. '

s Theefllicacy of narrow windrow burning in the field is largely determined by the
proportion of weed seeds that can hie collecled by the header and placed into
harvest windrows.

¢ The open paddock burn with a high stebble Joad had o faster hurn but stili
achieved the necessary temperatures of 45090 for longer than 61 seconds.

The results from the paddock burning measurements, using hand held temperature
gun, showed that, when diry, in maost situations temperatures achieved when burning
narrow harvest windrows were likely to achieve good control of the weed scods
cellected in the harvest row. Total control of weed seeds across the paddoeck using these
methods will depend on the proportion of the weed seeds that can be collected by the
harvest eperalion.

Mo novel commetrcial IP was generated in this project,

Application / Coniimiunication of Resyls 7 " 0L

Meain firdings

»  Seeds of Lincole weed, Indian ledge mustard, Onion weed, Barley grass, Brome
arass, Statice, Annual ryegrass, Wild turnip and Mallow could be killed with heat,
however there were differences in tolerance to heat.

«  Duration of heal [realments had a significant impact on the efficacy on weed seeds
in all species tested.

»  Cereal windrow burning achieved temperatures in excess of those required to
achieve high levels of weed seed mortality, except in paddocks which had 11 inm of
raintall the weel betore.

¢ The efficacy of narrow windroew burning in the field iz largely delermined by the
proportion afweed sends ihat can bo collected hy the header and placed into harvest
windrows.

» The apen paddock hurn with a high stubble load had a faster burn but still achieved
the necessary temperatures of 450°C for longer than 60 seconds.

Potentiad industry fmpoct

The project vesulls have provided confidence for growers that a hot burn (best achieved :
by placing residues in windrows and burming when dry) over 60 seconds will effectively




kill weed seeds of Lincoln weed, Indian Hedge mustard, Onion weed, Barley grass,
Brome grass, Statice, Annual ryegrass, Wild turnip and Mallow. This provides farmers
with one tool for control in an integrated weed management approach.

Publications and extension articles

The key messages from the burning weed seed project were presented to 141 people
made up of 120 farmers, 21 agribusiness representatives, and 1 NRM staff member at
Minnipa, Piednippie, Charra, Pt Kenny, Kimba, Cowell, Rudall and Warramboo farmer
meetings held in March 2018.

Articles were published in the Eyre Peninsula Farming Systems Summary (distribution
1100), Mallee Sustainable Farming Compendium (150) and Upper North Farming
Systems Annual Summary (110) in 2018 (pending).

Articles are also available on the EPARF, MSF and UNFS websites.

e Fleet, Kleemann, Gill (2018) Burning of weed seeds in low rainfall farming systems.
Eyre Peninsula Farming Systems Summary 2017, p 72.

e Cook, Fleet, Scholz (2018) Burning temperatures of harvest windrows and standing
stubbles in low rainfall farming systems. Eyre Peninsula Farming Systems Summary
2017,p 78.

e (Cook, Fleet, Scholz (2018) Burning temperatures of harvest windrows and standing
stubbles in low rainfall farming systems. Mallee Sustainable Farming 2017.

e http: .msf - ds/Burning-tem -of- t-
i infall-farmin (Accessed

zljDZKZHI?]

e http://eparf.com.au/wp-content/uploads/2018/05/2a.-Burning-of-weed-seeds-
in-low-rainfall-farming-systems-FLEET.pdf (Accessed 01/05/2018)

e http://eparf.com.au/wp-content/uploads/2018/05/2b.-Burning-temperatures-of-
harvest-windrows-and-standing-stubbles-in-LRFS-COOK.pdf (Accessed
01/05/2018)

e Upper North Farming Systems to publish articles in their 2018 compendium (2017
results) (yet to be published at time of reporting).

Path to market

Although burning has been shown to be effective in killing seeds of common weeds, it
would still be considered a ‘last resort’ option in the control of weeds in low rainfall
farming systems.

Advantages of burning: effective; aside from labour, burning does not require input
costs such as herbicide use (less input cost, reduced risk of resistance development)
and fuel costs (spraying operation).

Disadvantages: social license issues (burning becoming less socially acceptable};
potential for bushfire risk; work, health and safety risks, increasing labour and
equipment requirements to meet CFS guidelines/codes of conduct; administrative
requirements e.g. permits.

Alternatives: chaff lining (where chaff including weed seeds is placed directly on wheel

tracks and allowed to rot rather than burning) is gaining popularity, particularly in WA.



POSSIBLE FUTURE WORK

How much weed seed are we collecting at harvest to place into windrows? Currently
being investigated by University of Adelaide and SARDI Minnipa Agricultural Centre.
Does swathing crops enable greater collection of weed seeds for harvest weed seed
control? Currently being investigated (S117).

Is chafflining an effective method of harvest weed seed control? Currently developing
GRDC Innovation submission for research funding. University of Adelaide have a
small GRDC project to measure seed capture.
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ATTACHMENTS:
1. Wewmd sved collection and paddock burning protocnol
2. Burning lempreratures of harvest windrows and standing stubhles {TEPFS
Summary arlicle}
3. Burning of weed seeds o low rainfall furming systems (ERTS Summary article)



APPENDIX 1
5416 - Burning of weed seeds in low rainfall farming systems - University
of Adelaide report

Hen Fleot, Sarmue] Kleemann, and Gurjeet Gill
University of Adelaide, Schod of Agrienlture, Yood and Wine

Abstract

Burning crop residues to destroy weed seeds is one of Lhe oldest cultural weed
contral measures in agriculture. While information exists on annual ryegrass and
wild radish, very liltle is tnown about the potential efficacy of burning on other
weed species that impact on low rainfall cropping systems in southern Australia.
A study was conducted to simulate stubble burning by treating weed sceds to
high Lermnperatures for differing durations. Seeds of all species conld he killed
with heat, however thers were differences in tolerance to heat. Duration of heat
treatments had a significant impact on the efficacy on weed sceds in all species.
Seeds of most weed species could be killed by simulating conditions similar to
burning narrow windrows that can achieve high temperatures foc prelonged
durations. Variation in the efficacy of narrow windrow horning observed in the
field is likely to be related to the differences in weed seeds that can be collectind
ak harvest and placed into harvest windrows.

Introduction

Weeds are one of the largest costs to grain producers and a primary driver in
how cropping syslems are managed. Weeds are estimated to cost Australian
grain growers $3,318 million annually [Llewelyn et al. 2016). Weeds will
continue to drive crop management systems as weed challenges evolve,
particularly from herbicide resistance. This will increase the importance of
cultural control methods as part of any integrated weed management {{¥WM)
strategies. Burning crop residues to destroy weed seeds is one of the eldest
ciltural weed control measures in agricullure. While information exists on
annual ryegrass and wild radish efficacy from burning crop residucs {Gill and
Holmes, 1997; Walsh and Newiman, 2007}, Litlle {s known about other weed
species. This study 2ims to investigate the potential of crop residuc buming to
control weeds that are problematic fur low rainfall cropping systems in southern
Anstralia. A method similarto Walsh and Newman (2007 was used to simulate
different levels of heat (temperature) and duration experienced during crop
residue hurning on weed seads.

Materials and Methods

Seed collection

Sends nf 10 different weed species were collected lrem cropping fields at weed
maturity (Table 1). Seed was cleaned and removed from associated structures
fur all species except Mallow that was left in individual seed pod segments. This
was done to achieve consistency with the state of weed seeds shedding and at
the time of stubble burning. Seeds were counted and placed into packets of 100
seeds.



Table 1. Weed seeds and district of origin

Woeod spoeics

Region

Barley grass Flordeim glameiom
Brome yrass Bramus dicrdius
Wild Oata Aveni fatuc - (1)

Wild Oats dvena forria — (23
Anmual vyegrass Lolivm rigicham
Chvion weed Asplodelis fistuinsies
Slatice Limoniune lobaian

Mailow Mafva parviflora

Tnrddiun Hedge Mustard Sigmebidus nrfentole
Lincaln weed Dipfotaxiy feawifolia
Wild Turnip Brassica fournefortii

Upper Evre Peninsula

*Northern Yorke Poninsula & Malles
Lower Mouth

Upper Fvre Pentesula

# safeguard ARG’ control species
Upper Evre Peninsula

Upper Meith

Upper Nosh

l.ovweer Morth

Upper Eyie Peninsula

¥ Mallae & Uppar North

* composile population, Mallow was treated in individual seed pod sepments

Hoal Ereatment

A kiln (Woodrow GKE3TL top loading ghays kiln) was used to apply heat
treatiments to seeds. The kiln was preheated to the destred temperalure. Seed of
each species wore placed in 4 ceramic dish, held in a rack and swittly placed into
the kiln for the desired duration. Seed was allowed to cool in the dishes and
placed bacle into their packets for Jater germination assessment. Temperature
readings from the kiln were calitirated against a laboralory infrared
thermometer (MIERON IR-MAN model 15t) shown below in table 2.

Table 2. Kilntemperature calibration against laboratory infrared thermometer

(IR
Kiln lenp - 200°C 250 T 350! AV 450
IRT Lenp 0,10 Adae 00 333,50 Au0.6 L 58

IET temp mean of muottiple veadings, * kiln sef to 2339C to achieve correct toimperatiee

Germination assessment

Trealed seed packets were placed in petri-dishes [(Sigma-Aldrich 150 x 15
P5891) with 2 filter paper discs on the base (Whatman 1 150mm circle 1001-
1505 10w of 0.001M Gibberellic acid [GA) (Sigma-Aldrich G7645 Gibherellic
acid] solution was applicd to the seed, brome grass and barley grass requiring
12.5mn and wild oats requiring 1hmm GA solution. Dishes were then sealad
with parafilm (Sigma-aldrich PM-992 P7543 parafilm) and then all 19 dishes
(single rep of each weed spectes] was wrapped in two layers of aluminium foil
and placed into a controlled environment growth room (Phoenix systems) at
2000 f 1200 day / night temperature for approximalely T4 days al which time
both germinated and non-germinated seeds were counted. At 14 days mallow
seeds were counted and individoal seeds were removed (from secd pod
segments, Mallow seeds that were deemed to be potentially viable (still hard),
but not germinated were kmicked with a scalpel and placed back onto dishes
with Iresh GA solution and returned to growth room for a further 7 days when
germination was again assessed. Wild nat populations woere given extended time
in the growth room, but failed to germinate and were exciuded from the trial.



Trial details and analysis

The trial was roplicated three times with 100 seeds in each sample. Germination
in earch dish was compared back to the relevant untremied control This was then
statistically analysed using an analysis of variance using GENSTAT 15 Fdition
slatistical coommputer prograni.

Resulis and Discussion

The ability of weed seeds to tolerate heat varied considerably between species
with Lincoln weed sced being the most susceptible and mallow seed being the
most tolerant to heat (I'able 2.). Germination dat: was plotled against a heat
index (HI = temperature *C % duration seconds), and a sigmeidal logistic 3
parameter model was fitted using SigmaPlet 12.5 vU0Z statistical program.
Parameter X from the fitted model represenls the HI units required to suppress
seedl germination by 50%. Xovalues were used to rank weed species for
tolerance to heat. Tolerance of weed seeds to heat was nol cosely related to seed
size or weed type, Brassica seeds with Lheir smaller size and high oil content
would be cxpected to be more sensitive to heat. This was the case {or hoth
Lincoln weed and Indian hedge mustacd (THM) which were the two most
susceplible weed species to heat However wild turnip, another brassica weed,
was the second maost tolerant species studied. Larger sced size did not correlate
with tolerance to heat, with smaller secded ryegrass showing greater tolerance
to heat than lavger brome or barley grass seeds,

Table 3. Ranking nf weed seed tolerance to heat from least to the mast tolerant

Ranlk  Weed Ko for ITI 7 5FEAL HiR? P

) Lincoln weed N3l 325; 078 ) e
2 [ndian 1ledze WMustard Q0] fo2e 0.7 Pl et
3 Onionr weed L5008 y387) 077 ES IR i
E Liarley grass L6043 73730 .82 Fd) 00!
3 Lirome grass 16070 (562 0.73 Pl oo
i) Statice 166018 (205, (1.8 P Doos
7 Anmal ryegrass 17505 (474 074 Fad ooo s
& Wild Turaip | 35 i 84) 0.74 Pl Be0s
g &allow 2197 (1413 .44 F8.0001

Grass weeds

Barley grass has become a serious weed of many low rairdall cropping systems
due to increased seed dormancy and incidence of herbicide resistance (Fleet et
al. 2012; Shorgitl et al. 2015). The effect of heat, like that produced from burning
crop residues, on barley grass was found to be strongly influenced by both
temperature and duration (Table 4], Barley prass seed was completely killed at
3509C, but only at a duration 260 seconds. However, barley grass seed ldill was
significantly reduced at shorter durations. Lxposure of barley grass scoeds Lo
300C for a duration of 60 seconds could halve hariey grass seed viability.
Howevaer, the samae lovel of control could be achieved by exposure to >4509C for
20 seconds. Based on the results of stubble burn temperatares from Walsh and
Neswman {2007, offeclive conlrol of barley grass seed is only expected in heavy
windrows or narrow windrows. Burning a standing slubble is unlikely to he
effective in killing barley grass seed. Unfortunately, most havley erass seed has
shied well before crop harvest and is unlikely to end up in the windrow for
burning or captured by havvest weed sced capture {HWSC) systems. n a field



trial in the UN, Fleet et al. (2014) found that when wheat was harvest-ready, <
1% of barley grass had the potential of being collected, with the remainder either
being shed onto the ground or below 10cm in height. Similar results were found
in plot studies where <6% of barley grass seed remained on the panicles when
wheat was harvest-ready (Kleemann et al. 2016). Therefore, the effectiveness of
windrow burning against barley grass is expected to be rather low.

Table 4. Effect of heat on Barley grass seed viability
Temperature ("C)

Duration (s) 200 250 300 350 400 450
20 9T a 100 a 97 a 9T a 94 a 57 be
40 06 o 100 a 100 a 62 b 19d De
6l 97 a 96 a Sle (e 0e e

P<0.00], L5D = 9.666, cv rep = 3.0%, =80% reduction highlighred

The response of brome grass to high temperature exposure was very similar to
barley grass (Table 5). Effective kill of brome grass seed is also likely to require
crop stubble to be burnt in either a heavy row or narrow windrow to achieve
required temperatures and duration of heat. Contrary to barley grass brome
grass is capable of retaining 75% of its seed on the panicle by earliest crop
harvest. However brome grass plants can often lodge and fall below the harvest
cutting height. In a field trial at Roseworthy, depending on weed density, 30-80%
of brome grass panicles were below the height of crop harvest at earliest crop
harvest (Kleemann et al. 2016). Despite this, HWSC followed by burning of
windrows could provide some level of control of brome grass.

Table 5. Effect of heat on Brome grass seed viability

Temperature ("C)
Duration (s) 200 250 300 350 40 450
20 100 a 98 @ 100 a 91 a 7L b 68 b
40 97 a 9a 98 a 59 b Te De
6l 08 a 89 a 72 b 2c Oe ¢

P=0.004, LSD = 16.07, ev rep = 5.8%, =80% reduction highlighied

While ARG seed was found to be the most heat tolerant of the grass weeds
trialled (Table 3.), it followed a similar trend to brome and barley grass (Table
6.). ARG required approximately 100°C more heat at equivalent duration than
either brome or barley grass to achieve a high level of weed seed control. These
results show ARG to be more tolerant to heat than previously reported by Walsh
and Newman (2007). Given the temperatures required to control ARG seeds,
HWSC tactics where harvest residue is placed in heavy rows or preferably
narrow windrows for burning would be required. A South Australian study of the
potential of HSWC tactics found that between 26-73% of annual ryegrass seed
could potentially be captured and then placed in narrow windrows for burning
(Fleet et al. 2014). While still highly variable, depending on the timing and
seasonal conditionals, ARG has the potential for significant seed control with
HWSC tactics and narrow windrow burning. Ranking of these grass species
would be barley grass: unviable < brome grass some control < annual ryegrass
moderate control.



Table 6. Effect of heat on Annual Ryegrass seed viability

Temperature (*C)
Duration () 200 250 300 350 400 450
20 93 b 98 a b8 a 98 a 93 ab 704
40 o8 a 9la 99 a b 5S¢ 0e
6l 99 a 95 ab 825 21d e e

P<=0.001, LSD = 14.44, cv rep = 3.2%, =80% reduction highlighted

Broadleaf weeds

Onion weed seed was more sensitive to heat than the grass species studied
(Table 7.). Onion weed is usually found in areas of poor competition in crops and
pastures (Pitt et al. 2006). Despite the potential of heat to control onion weed
seeds it could be difficult to have enough crop or pasture biomass to achieve
enough heat and duration for effective control, particularly if burning pasture
residues or standing stubble. Such paddocks are also prone to wind erosion so
the implications of burning need to be considered carefully.

Table 7. Effect of heat on Onion weed seed viability

Temperature ("C)
Duration (s) 200 250 300 350 400 450
20 94 ab 93 ab & ab 90 ab 825 iBe
40 91 ab 89 ab 91 ab Ile 1d 0l
6l 87 ab 86 ab 114 0d 0 d 0d

P<0.001, LSD = 15.31, cv rep = 7.9%, =80% reduction high lighted

Statice seed was significantly more tolerant of heat than onion weed (Table 3.). It
required temperatures 2400°C for 60 s duration to achieve effective control of
statice seeds. From the stubble burning temperatures reported in Walsh &
Newman (2007), HWSC and narrow windrow burning would be required to
possibly achieve effective control of statice seed. This species shows potential of
HWSC techniques as it appears to retain seed pods and is often a grain
contaminant in problem paddocks, however will require very hot and prolonged
stubble burning conditions. As statice is often found in paddocks affected by
some level of salinity, the level of crop residue present may be inadequate for
achieving prolonged hot burn.

Table 8: Effect of heat on Statice seed viability

Temperature (°C)
Duration (s) 200 250 300 350 400 450
20 96 ab 95 ab 96 ab 100 a 99 a &3 b
40 98 ab 92 ab 97 ab 6 b 46 ¢ 4e
60 94 ab 91 ab 48 e 24 d 2e 4g

P<0.001, LD = 14.50, ev rep = 3.3%, =80% reduction highlighted

Mallow seed was treated in small pod segments as by autumn when crop
residues are burnt the primary mallow pods have broken up and individual pod
sections remain. Mallow was found to be extremely heat tolerant and would
likely prove very difficult to control in many stubble burning situations. It was
found to require 2450°C for 240 seconds to obtain effective control of seeds
(Table 9.). At 450°C there was no seed kill at 20 seconds duration, but high levels
of control at 40 seconds duration, indicating a critical heat duration time



between 20-40 seconds at this temperature. Mallow was the most heat tolerant
weed species in this study (Table 3.).

Table 9: Effect of heat on Mallow seed viability
Temperature ("C)

Duration (s} 200 250 300 350 400 450
20 100 a O ab 95 ab 100 a 100 a 100 a
40 97 ah 75 ab 100 a 100 a 92 ah e
ol 92 ab &8 ab 95 ab 44 b 66 b Qe

P<0.001, LSD = 32 26, cv rep = 3, 1%, =80% reduction highlichred

Brassica weeds

Lincoln weed seed was found to be the most sensitive weed species to high
temperature exposure in this study (Table 3.). Like other species, Lincoln weed
seed control was dependent on both temperature and duration. However once
temperature was 2350°C, effective control could be achieved even with 20 s
exposure (Table 10.). This indicates that there would be some potential to
control Lincoln weed in standing stubble situations, An additional complication
would be that such a small seed could fall between soil clods or cracks and be
insulated from any heat caused by burning. Walsh and Newman (2007) reported
that as little as 1cm of soil cover could effectively insulate seed from heat
produced from residue burning. Lincoln weed would not be suited for HWSC and
narrow windrow burning as it is generally a weed of summer fallows where it
grows after crop harvest.

Table 10: Effect of heat on Lincoln weed seed viability

Temperature ("C)
Duration (s) 200 250 300 350 400 450
20 97 a 92 a 62 b Lt e Oe
40 49 5 I8¢ Oc Oc¢ Oe Oe
o) 18 ¢ i 0¢ 0c Je 0e

P<0.001, L5D = 28.87, cvrep = I7.1%, =80% reduction high lighted

IHM seed was found to be more tolerant of heat than Lincoln weed (Table 3.).
While temperatures 2450°C could completely control IHM seed at the shorter
duration times, duration times of 260 seconds were required to achieve effective
control at 250-300°C (Table 11.). According to the temperature and duration
results reported by Walsh and Newman (2007), potentially enough heat would
be generated for long enough to effectively control IHM seed when either
burning heavy conventional or narrow harvest windrows. [HM is also well suited
for HWSC followed by windrow burning as it has high pod and seed retention
(Fleet et al. 2016).



Table 11: Effect of heat on Indian Hedge Mustard seed viability
Temperature ("C)

Duration (s) 200 250 300 350 400 450
20 T h o6 be 88 a 54 ¢ 69 b 0e
40 FEN] 53.¢ 47 ¢ e Oe 0e
(1] 69 b 194 I & De le 0e

P<0.001, LSD = ]12.55, v rep = 4.2%, =80% reduction high lighted

Wild turnip seed was found to be one of the most heat tolerant of the weed
species studied, particularly when compared to other brassica weeds. Wild
turnip was nearly 2 and 3 fold more tolerant than IHM and Lincoln weed,
respectively (Table 3.). Wild turnip required 2400°C for 60 seconds to effectively
kill seeds; a 40 second duration achieved the same results when temperature
was increased to 450°C. However at 450°C, 20 second heat duration had no effect
on seed viability (Table 12). Narrow windrow burning of stubble would be the
only way to potentially achieve the temperatures and durations required to
effectively control wild turnip seed (Walsh and Newman, 2007). Wild turnip is
unlikely to be well suited to HWSC and narrow windrow burning as it is prone to
shed seeds early before crop harvest.

Table 12: Effect of heat on Wild Turnip seed viability

Temperature (*C)
Duration (s) 200 250 300 350 400 45()
20 9% @ 98 a 9F o 100 a 100 a 99 a
40 99 g 99 a 98 a 90 a 92 a e
60 100 a D 0% o 32 h 0¢ O

P=0.000, LSD = 21,40, ev rep = 3.7%, =80% reduction highlighted {control=100%)

Conclusions

All weed species investigated showed that exposure to heat could provide
control of seeds, but there were large differences between weeds in their
tolerance to heat. Combinations of high temperature and exposure time
investigated could provide complete kill of all species except marshmallow. High
temperature and duration of burn expected from burning narrow windrows
should provide effective seed kill of most of these species. However, the
performance of this method is completely dependent on how much of the weed
seeds can be collected at harvest (HW5C) and placed into narrow harvest
windrows. Grass weeds all showed similar patterns of tolerance to heat with
ARG being the most tolerant. Despite the higher tolerance to heat, high pre-
harvest seed retention in ARG makes it more suited to effective control from
residue burning (narrow windrows) than barley grass which sheds most of its
seeds well before harvest. Among brassica weeds, IHM showed good potential
for control by burning harvest windrows as it is sensitive to heat and HWSC
methods.
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