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HTXLSPHQW�XVHG�E\�WKH�UHDGHUV�RI�WKLV�PDQXDO�DQG�WKH�FRQGLWLRQV�IRU�WUHDWPHQW�PD\�YDU\��
DV�D�UHVXOW��UHDGHUV�PD\�QHHG�WR�PRGLI\�WKH�JXLGHOLQHV�LQFOXGHG�LQ�WKLV�PDQXDO�WR�RSWLPL]H�
ZHHG�FRQWURO�LQ�WKHLU�VSHFL¿F�VLWXDWLRQ��7KH�XVHU�RI�WKLV�PDWHULDO�LV�VROHO\�UHVSRQVLEOH�IRU�WKH�
PHWKRG�RI�LPSOHPHQWDWLRQ��7KH�3URSDQH�(GXFDWLRQ�	�5HVHDUFK�&RXQFLO�DQG�WKH�8QLYHUVLW\�RI�
1HEUDVND��/LQFROQ�DVVXPH�QR�OLDELOLW\�IRU�UHOLDQFH�RQ�WKH�FRQWHQWV�RI�WKLV�WUDLQLQJ�PDWHULDO�
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Executive Summary

3URSDQH�IXHOHG�ÀDPH�ZHHGLQJ�SURYLGHV�PXOWLSOH�DGYDQWDJHV�RYHU�FKHPLFDO�DQG�PHFKDQLFDO�
ZHHG�PDQDJHPHQW�PHWKRGV�DQG�LV�HIIHFWLYH�LQ�ERWK�FRQYHQWLRQDO�DQG�RUJDQLF�FURS�SURGXFWLRQ�
V\VWHPV��'XULQJ�ÀDPH�ZHHGLQJ��SURSDQH�IXHOHG�EXUQHUV�H[SRVH�ZHHG�SODQW�WLVVXHV�WR�KLJK�
OHYHOV�RI�KHDW�WKDW�UDSLGO\�FKDQJH�WKH�LQWHUQDO�WHPSHUDWXUH�RI�SODQW�FHOOV�DQG�FDXVH�SODQW�FHOOV�
WR�UXSWXUH��7KH�UHVXOWLQJ�ORVV�RI�ZDWHU�DQG�GHQDWXULQJ�RI�SURWHLQV�GUDVWLFDOO\�UHGXFH�WKH�ZHHG¶V�
DELOLW\�WR�VXUYLYH��ZKLFK�WKHQ�NLOOV�WKH�SODQW��%HFDXVH�SURSDQH�LV�QRQWR[LF�DQG�GRHV�QRW�
FRQWDPLQDWH�JURXQG�ZDWHU��LW�LV�DQ�DFFHSWDEOH�QRQ�FKHPLFDO�ZHHG�FRQWURO�RSWLRQ�LQ�RUJDQLF�
SURGXFWLRQ�DQG�FDQ�EH�XVHG�LQ�RWKHU�ORFDWLRQV�ZKHUH�KHUELFLGH�XVH�LV�XQGHVLUDEOH��VXFK�DV�LQ�
FLWLHV��SDUNV��DQG�RWKHU�XUEDQ�VHWWLQJV��

7R�SURYLGH�D�FRPSUHKHQVLYH�RYHUYLHZ�RI�SURSDQH�IXHOHG�ÀDPH�ZHHGLQJ��WKLV�JXLGH�FRQVLVWV�
RI�WKH�IROORZLQJ�FKDSWHUV�

1. Background: The Need for Alternative Weed Control Methods

2. Introduction to Propane-Fueled Flame Weeding

3. How Propane-Fueled Flame Weeding Works

4. Flame Weeding Equipment Components and Configurations

5. Recommended Propane Dosage at Different Weed Growth Stages

6. Crop Tolerance To Post-Emergent Flame Weeding
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Key Tips for Propane-Fueled Flame Weeding

 P Apply 10–12 gallons of propane per acre when using non-selective 
broadcast flame weeding to treat the entire crop row. 

 P Apply 4–5 gallons of propane per acre when using banded flame 
weeding (12-inch band flamed over the crop row). Lower propane 
doses can be effective when using a custom-designed hood.

 P Limit post-emergence flame weeding application to two flaming 
operations per season on a single crop.

 P Wait at least one hour after rain or heavy dew before conducting 
flame weeding treatment.

 P Treat broadleaf weeds at earlier growth stages (i.e., heights 
of 1–3 inches, typically with one to six leaves) to reduce the 
required propane dosage for effective treatment.

 P Improve the effectiveness of grass species control by performing 
a second flame weeding treatment within 7–10 days of the first 
treatment.

 P Conduct aggressive cultivation within a few hours of flaming to 
achieve significant grass control. To do so, adjust the cultivator 
shanks so they push soil on top of the flamed grass, burying it.
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1.   Background:  
The Need for 
Alternative Weed 
Control Methods 

1.1. Principles of Integrated Weed Management

,QWHJUDWHG�:HHG�0DQDJHPHQW�FRPELQHV�YDULRXV�SUHYHQWDWLYH��FXOWXUDO��JHQHWLF��PHFKDQLFDO��
ELRORJLFDO��DQG�FKHPLFDO�ZHHG�FRQWURO�SUDFWLFHV�LQWR�D�VLQJOH�SURJUDP��:KLOH�QR�VLQJOH�
FRQWURO�PHDVXUH�LV�OLNHO\�WR�SURYLGH�FRPSOHWH�ZHHG�FRQWURO��WKH�V\VWHPDWLF�LPSOHPHQWDWLRQ�RI�
WKH�YDULRXV�FRPSRQHQWV�RI�LQWHJUDWHG�ZHHG�PDQDJHPHQW�FDQ�PDNH�VLJQL¿FDQW�FRQWULEXWLRQV�WR�
ZHHG�FRQWURO�HIIRUWV�

$Q�LQWHJUDWHG�ZHHG�PDQDJHPHQW�DSSURDFK�DGYRFDWHV�WKH�XVH�RI�DOO�DYDLODEOH�ZHHG�FRQWURO�
RSWLRQV��LQFOXGLQJ�WKH�IROORZLQJ�

�� 6HOHFWLRQ�RI�D�ZHOO�DGDSWHG�FURS�YDULHW\�RU�K\EULG�ZLWK�JRRG�HDUO\�VHDVRQ�YLJRU�DQG�
DSSURSULDWH�GLVHDVH�DQG�SHVW�UHVLVWDQFH��L�H���SODQW�EUHHGLQJ��

�� $SSURSULDWH�SODQWLQJ�SDWWHUQV�DQG�RSWLPDO�SODQW�GHQVLW\�
�� 3UHFLVH�WLPLQJ��VWUDWHJLF�SODFHPHQW��DQG�DSSURSULDWH�TXDQWLW\�RI�QXWULHQW�DSSOLFDWLRQ�
�� $SSURSULDWH�FURS�URWDWLRQ��WLOODJH�SUDFWLFHV��DQG�FRYHU�FURSV�
�� 6XLWDEOH�FKRLFH�RI�PHFKDQLFDO��ELRORJLFDO��DQG�FKHPLFDO�ZHHG�FRQWURO�PHWKRGV�
�� $OWHUQDWLYH�ZHHG�FRQWURO�WRROV��H�J���ÀDPLQJ��VWHDPLQJ��LQIUDUHG�UDGLDWLRQ��DQG�VDQG�EODVWLQJ��

1.2. Dependence on Chemical Weed Control

&XUUHQWO\��PDQ\�1RUWK�$PHULFDQ�DJURQRPLF�FURSSLQJ�V\VWHPV�DUH�EDVHG�RQ�JHQHWLFDOO\�
PRGL¿HG�FURSV��H�J���5RXQGXS�5HDG\�DQG�/LEHUW\�/LQN���ZKLFK�UHO\�KHDYLO\�RQ�WKH�XVH�RI�
KHUELFLGHV��HVSHFLDOO\�JO\SKRVDWH��WKH�DFWLYH�LQJUHGLHQW�LQ�5RXQGXS�KHUELFLGH��7KH�UHSHDWHG�
XVH�RI�FKHPLFDOV�PD\�H[SDQG�WKH�QXPEHU�RI�KHUELFLGH�UHVLVWDQW�ZHHGV��LQFUHDVH�WKH�FRVW�RI�
KHUELFLGHV��DQG�FRQWDPLQDWH�VXUIDFH�DQG�JURXQG�ZDWHU��,QFUHDVHG�SXEOLF�DZDUHQHVV�RI�WKH�
HIIHFWV�RI�SHVWLFLGHV�KDV�OHG�PDQ\�FRXQWULHV�WR�GHYHORS�SROLFLHV�WKDW�PDQGDWH�WKH�UHGXFWLRQ�RI�
KHUELFLGH�XVH�DQG�LQFHQWLYL]H�WKH�RYHUDOO�UHGXFWLRQ�RI�FKHPLFDOV�XVHG�IRU�ZHHG�FRQWURO�DV�D�
PHDQV�WR�OHVVHQ�WKHLU�HQYLURQPHQWDO�HIIHFWV��
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1.3. Weed Management in Organic Farming

7KH�QXPEHU�RI�RUJDQLF�FURS�DFUHV�LQ�WKH�8QLWHG�6WDWHV�LV�H[SDQGLQJ�UDSLGO\��PDLQO\�GXH�
WR�PRUH�UREXVW�FRQVXPHU�GHPDQG�IRU�IRRG�JURZQ�ZLWKRXW�FKHPLFDOV�DQG�DQ�DWWUDFWLYH�
LQFRPH�SRWHQWLDO�IRU�RUJDQLF�SURGXFHUV��'HUNVHQ�HW�DO����������6DOHV�RI�RUJDQLF�SURGXFWV�
KDYH�LQFUHDVHG�E\�PRUH�WKDQ����SHUFHQW�HDFK�\HDU�IRU�WKH�SDVW�GHFDGH��ZKLFK�PDNHV�WKH�
RUJDQLF�LQGXVWU\�WKH�IDVWHVW�JURZLQJ�VHJPHQW�RI�8�6��DJULFXOWXUH��7KH�DUHD�RI�FHUWL¿HG�
RUJDQLF�FURSODQG�LQFUHDVHG�E\�PRUH�WKDQ�����SHUFHQW�IURP������WR�������ZLWK�WRWDO�RUJDQLF�
FURSODQG�JURZLQJ�IURP���������DFUHV����������KHFWDUHV��WR�����������DFUHV����������
KHFWDUHV��GXULQJ�WKLV�WLPH�SHULRG��*UHHQH���������'HVSLWH�WKLV�JURZWK��FXUUHQW�FHUWL¿HG�
RUJDQLF�ODQG�RQO\�DFFRXQWV�IRU�DERXW�����SHUFHQW�RI�WRWDO�8�6��IDUPODQG�SURGXFWLRQ��

2UJDQLF�IDUPHUV�UDQN�ZHHG�FRQWURO�DV�WKH�QXPEHU�RQH�SUREOHP�WKDW�OLPLWV�FURS�SURGXFWLRQ�
�:DO]���������&RQWUROOLQJ�ZHHGV�ZLWKRXW�V\QWKHWLF�KHUELFLGHV��DV�VWLSXODWHG�E\�WKH�UXOHV�RI�
RUJDQLF�DJULFXOWXUH��LV�FKDOOHQJLQJ�DQG�UHTXLUHV�WKH�XVH�RI�PDQ\�WHFKQLTXHV�DQG�VWUDWHJLHV�WR�
DFKLHYH�HFRQRPLFDOO\�DFFHSWDEOH�ZHHG�FRQWURO�DQG�FURS�\LHOGV��$�IHZ�KHUELFLGHV�DUH�DSSURYHG�
IRU�XVH�LQ�RUJDQLF�SURGXFWLRQ��EXW�WKH\�DUH�FRVWO\�DQG�WKHLU�QRQ�VHOHFWLYLW\�FDQ�OHDG�WR�FURS�
LQMXU\��7KHUHIRUH��RUJDQLF�SURGXFHUV�UHO\�H[WHQVLYHO\�RQ�PHFKDQLFDO�FXOWLYDWLRQ�DQG�KDQG�
ZHHGLQJ�IRU�WKHLU�ZHHG�FRQWURO��ERWK�RI�ZKLFK�KDYH�OLPLWDWLRQV��7KH�FKDOOHQJHV�DVVRFLDWHG�
ZLWK�ZHHG�PDQDJHPHQW�LQ�RUJDQLF�IDUPLQJ�QHFHVVLWDWH�WKH�XVH�RI�V\VWHPV�RULHQWHG�LQWHJUDWHG�
ZHHG�PDQDJHPHQW�DSSURDFKHV�WKDW�EHWWHU�LQFRUSRUDWH�DOWHUQDWLYH�ZHHG�FRQWURO�WDFWLFV��
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2.   Introduction to 
Propane-Fueled 
Flame Weeding

2.1. Alternative Weed Control:  
Propane-Fueled Flame Weeding

:HHGV�DUH�D�PDMRU�SUREOHP�LQ�ERWK�FRQYHQWLRQDO�DQG�RUJDQLF�FURS�SURGXFWLRQ�V\VWHPV��7R�
DGGUHVV�WKLV�LVVXH��ZHHG�VFLHQWLVWV�ZRUOGZLGH�DUH�VWXG\LQJ�DOWHUQDWLYH�ZHHG�FRQWURO�SUDFWLFHV�
EDVHG�RQ�LQWHJUDWHG�ZHHG�PDQDJHPHQW�SULQFLSOHV�WR�KHOS�UHGXFH�KHUELFLGH�GHSHQGHQFH�DQG�
SURYLGH�RUJDQLF�IDUPHUV�ZLWK�DQ�HIIHFWLYH�ZHHG�PDQDJHPHQW�PHWKRG��6FLHQWLVWV�KDYH�UHFHQWO\�
UHQHZHG�WKHLU�LQWHUHVW�LQ�ÀDPH�ZHHGLQJ��HVSHFLDOO\�GXH�WR�WKH�ODWHVW�DGYDQFHV�LQ�ÀDPH�
WHFKQRORJ\��%UXHQLQJ�HW�DO�����������

$�SURSDQH�IXHOHG�ÀDPH�ZHHGLQJ�V\VWHP�XVHV�D�SURSDQH�IXHOHG�EXUQHU�WR�H[SRVH�ZHHG�SODQW�
WLVVXHV�WR�UDSLG�KHDW��%HFDXVH�SURSDQH�LV�QRQWR[LF�DQG�GRHV�QRW�FRQWDPLQDWH�JURXQG�ZDWHU��LW�LV�
DQ�DFFHSWDEOH�QRQ�FKHPLFDO�ZHHG�FRQWURO�RSWLRQ�LQ�RUJDQLF�SURGXFWLRQ��7KLV�PHWKRG�RI�ZHHG�
FRQWURO�KDV�DOVR�UHFHLYHG�LQFUHDVHG�LQWHUHVW�IRU�LQWHJUDWLRQ�LQ�FRQYHQWLRQDO�FURSSLQJ�V\VWHPV�
�%RQG�DQG�*UXQG\��������DQG�FDQ�EH�
XVHG�LQ�RWKHU�ORFDWLRQV�ZKHUH�KHUELFLGH�
XVH�LV�XQGHVLUDEOH��VXFK�DV�LQ�FLWLHV��
SDUNV��DQG�RWKHU�XUEDQ�VHWWLQJV��

2.2. Benefits of Propane-
Fueled Flame Weeding

3URSDQH�IXHOHG�ÀDPH�ZHHGLQJ�LV�
DQ�LQFUHDVLQJO\�DWWUDFWLYH�ZHHG�
FRQWURO�PHWKRG�EHFDXVH�LW�SURYLGHV�
PXOWLSOH�DGYDQWDJHV�RYHU�FKHPLFDO�
DQG�PHFKDQLFDO�ZHHG�PDQDJHPHQW�
PHWKRGV�XVHG�LQ�ERWK�FRQYHQWLRQDO�DQG�
RUJDQLF�IDUPLQJ�RSHUDWLRQV��&RPSDUHG�
ZLWK�WKH�XVH�RI�FKHPLFDO�KHUELFLGHV�
LQ�FRQYHQWLRQDO�FURS�V\VWHPV��ÀDPH� Figure 1: Flame with visible thermal energy
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ZHHGLQJ�GRHV�QRW�OHDYH�FKHPLFDO�UHVLGXHV�LQ�RU�RQ�SODQWV��VRLO��DLU��RU�ZDWHU��)ODPH�ZHHGLQJ�
GRHV�QRW�SRVH�VDIHW\�ULVNV�WR�SHRSOH�LQ�WKH�VXUURXQGLQJ�DUHD�EHFDXVH�LW�DYRLGV�GULIW�KD]DUGV�
DVVRFLDWHG�ZLWK�FKHPLFDO�WUHDWPHQWV��DQG�XQOLNH�KHUELFLGHV��ÀDPH�ZHHGLQJ�RIIHUV�D�WUHDWPHQW�
RSWLRQ�WKDW�ZHHGV�FDQQRW�GHYHORS�UHVLVWDQFH�DJDLQVW��+RZHYHU��ÀDPH�ZHHGLQJ�V\VWHPV��PRVW�
RI�ZKLFK�DUH�GHVLJQHG�WR�WUHDW�EHWZHHQ�IRXU�DQG�HLJKW�URZV�DW�D�WLPH��DUH�PXFK�VPDOOHU�WKDQ�
FKHPLFDO�VSUD\HUV��$VFDUG�HW�DO����������$V�D�UHVXOW��WKH�ÀDPH�ZHHGLQJ�SURFHVV�LV�VRPHZKDW�
VORZ�LQ�FRPSDULVRQ�ZLWK�FKHPLFDO�WUHDWPHQW�

3URSDQH�IXHOHG�ÀDPH�ZHHGLQJ�KDV�EHQH¿WV�RYHU�PHFKDQLFDO�DQG�KDQG�ZHHGLQJ�PHWKRGV�DV�
ZHOO��7KH�SURFHVV�RI�PHFKDQLFDO�FXOWLYDWLRQ�FDQ�EULQJ�QHZ�ZHHG�VHHGV�WR�WKH�VXUIDFH��ZKLFK�
FDQ�QHFHVVLWDWH�UHSHDWHG�FXOWLYDWLRQ�ODWHU�LQ�WKH�VHDVRQ��%HFDXVH�ÀDPH�ZHHGLQJ�GRHV�QRW�
GLVWXUE�VRLO�VWUXFWXUH��WKH�PHWKRG�FDQ�SUHYHQW�QHZ�ZHHG�ÀXVKHV�WKDW�FDQ�RFFXU�DIWHU�WLOOLQJ�
DQG�FDQ�UHGXFH�WKH�SRWHQWLDO�IRU�VRLO�HURVLRQ��8QOLNH�ZLWK�PHFKDQLFDO�FXOWLYDWLRQ�PHWKRGV��
ÀDPH�ZHHGLQJ�FDQ�EH�XVHG�ZKHQ�VRLO�LV�ZHW��,W�FDQ�DOVR�UHGXFH�WKH�QHHG�IRU�KDQG�ZHHGLQJ�LQ�
RUJDQLF�JURZLQJ�V\VWHPV��ZKLFK�FDQ�EH�FRVWO\��UDQJLQJ�IURP������WR������SHU�DFUH�>�����WR�
�����SHU�KHFWDUH@���WLPH�FRQVXPLQJ��DQG�GLI¿FXOW�WR�RUJDQL]H� 

&RPSDUHG�ZLWK�DOWHUQDWH�ZHHG�PDQDJHPHQW�PHWKRGV��SURSDQH�IXHOHG�ÀDPH�ZHHGLQJ�GRHV�
KDYH�VRPH�GLVDGYDQWDJHV��,WV�DSSOLFDWLRQ�FDQ�FUHDWH�D�¿UH�KD]DUG�LQ�¿HOGV�ZLWK�KHDY\�FURS�
UHVLGXH�DQG�KDV�WKH�SRWHQWLDO�WR�LQMXUH�KHDOWK\�FURSV�LQ�DGGLWLRQ�WR�ZHHGV��$V�D�UHVXOW��LW�LV�
FULWLFDO�WR�SURSHUO\�VFKHGXOH�ÀDPH�ZHHGLQJ�WR�HQVXUH�WKH�VDIHW\�RI�FURSV��SHUVRQQHO��DQG�
HTXLSPHQW��$GGLWLRQDOO\��DV�ZLWK�DOO�W\SHV�RI�HTXLSPHQW�WKDW�XVH�K\GURFDUERQ�EDVHG�IXHOV��
SURSDQH�IXHOHG�ÀDPH�ZHHGHUV�SURGXFH�VRPH�FRPEXVWLRQ�E\SURGXFWV��+RZHYHU��WKHVH�
E\SURGXFWV�FRQWULEXWH�IHZHU�JUHHQKRXVH�JDVHV�WR�WKH�DWPRVSKHUH�WKDQ�E\SURGXFWV�IURP�
RWKHU�IXHOV�VXFK�DV�GLHVHO�RU�JDVROLQH��$VFDUG�HW�DO����������3URSDQH�HPLWV����SHUFHQW�IHZHU�
JUHHQKRXVH�JDVHV�WKDQ�GLHVHO�DQG����SHUFHQW�IHZHU�JUHHQKRXVH�JDV�HPLVVLRQV�WKDQ�JDVROLQH�
SHU�XQLW�RI�HQHUJ\��DVVXPLQJ�FRPSOHWH�FRPEXVWLRQ���(QHUJHWLFV�,QFRUSRUDWHG���������
$GGLWLRQDOO\��FDUERQ�GLR[LGH�HPLVVLRQV�IURP�D�EDQGHG�ÀDPLQJ�WUHDWPHQW�FRPELQHG�ZLWK�
D�PHFKDQLFDO�FXOWLYDWLRQ�WUHDWPHQW��WZR�LQGHSHQGHQW�SDVVHV�WKURXJK�WKH�¿HOG��DUH�DERXW���
SHUFHQW�ORZHU�WKDQ�WKH�HPLVVLRQV�IURP�WKH�FKHPLFDO�SURGXFWLRQ�DQG�DSSOLFDWLRQ�RI�D�VWDQGDUG�
JO\SKRVDWH�WUHDWPHQW��8OORD�HW�DO��������
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3.   (OWÏ0ROPANE
&UELEDÏ
Flame Weeding Works

3.1. A Closer Look: Flame Weeding at the Cell Level

)ODPH�ZHHGLQJ�V\VWHPV�FRQWURO�ZHHGV�E\�DSSO\LQJ�GLUHFW�KHDW�WR�SODQWV��ZKLFK�UDSLGO\�
FKDQJHV�WKH�LQWHUQDO�WHPSHUDWXUH�RI�SODQW�FHOOV��7KLV�UDSLG�WHPSHUDWXUH�FKDQJH�H[SDQGV�
WKH�FHOO¶V�FRQWHQWV²���SHUFHQW�RI�ZKLFK�LV�ZDWHU²FDXVLQJ�WKH�FHOO�ZDOOV�WR�UXSWXUH��7KLV�
SULPDU\�FDXVH�RI�FHOOXODU�GHDWK�LV�IROORZHG�E\�WKH�HYDSRUDWLRQ�RI�WKH�ZDWHU�WKDW�LV�UHOHDVHG�
ZKHQ�WKH�FHOO�ZDOOV�EXUVW��ZKLFK�UDSLGO\�GULHV�RXW�WKH�DIIHFWHG�SODQW�WLVVXH��'LUHFW�KHDW�LQMXU\�
DOVR�FDXVHV�FHOO�SURWHLQV�WR�GHQDWXUH��ZKLFK�UHVXOWV�LQ�FHOO�GHVLFFDWLRQ�DQG�XOWLPDWHO\�WKH�ORVV�
RI�FHOO�IXQFWLRQ��/DJXH�HW�DO����������7KH�ORVV�RI�ZDWHU�DQG�GHQDWXULQJ�RI�SURWHLQV�GUDVWLFDOO\�
UHGXFH�WKH�ZHHG¶V�FRPSHWLWLYH�DELOLW\�WR�VXUYLYH�DQG�HYHQWXDOO\�NLOO�WKH�SODQW��

'XULQJ�WKH�ÀDPH�ZHHGLQJ�SURFHVV��SURSDQH�IXHOHG�EXUQHUV�FDQ�JHQHUDWH�FRPEXVWLRQ�
WHPSHUDWXUHV�DV�KLJK�DV�������GHJUHHV�)DKUHQKHLW��������GHJUHHV�&HOVLXV���$VFDUG�HW�DO���
�������ZHOO�DERYH�WKH�WHPSHUDWXUH�UHTXLUHG�IRU�SURWHLQV�WR�GHQDWXUH��'HSHQGLQJ�RQ�WKH�
H[SRVXUH�WLPH��SURWHLQ�GHQDWXUDWLRQ�PD\�VWDUW�DW�����GHJUHHV�)DKUHQKHLW�����GHJUHHV�&HOVLXV���
7HPSHUDWXUHV�LQ�WKH�UDQJH�RI����±����GHJUHHV� )DKUHQKHLW����±����GHJUHHV�&HOVLXV��KDYH�
EHHQ�OHWKDO�WR�ZHHG�OHDYHV�DQG�VWHPV�ZKHQ�DSSOLHG�IRU�DW�OHDVW�����VHFRQGV�

3.2. Assessing Flame Weeding 
Effectiveness:  
A Rapid Field Test

7KH�HIIHFWLYHQHVV�RI�ÀDPH�ZHHGLQJ�
WUHDWPHQW�FDQ�EH�HDVLO\�DVVHVVHG�LQ�WKH�¿HOG�
E\�FRQGXFWLQJ�D�VLPSOH�¿QJHUSULQW�WHVW�D�
IHZ�PLQXWHV�DIWHU�WUHDWPHQW��7R�FRQGXFW�WKH�
WHVW��DIWHU�SURSHUO\�VKXWWLQJ�GRZQ�WKH�ÀDPH�
ZHHGLQJ�V\VWHP��WKH�RSHUDWRU�FDQ�LQVSHFW�
WKH�SODQWV�E\�SODFLQJ�D�WUHDWHG�ZHHG�OHDI�
EHWZHHQ�KLV�RU�KHU�WKXPE�DQG�LQGH[�¿QJHU��,I�
D�GDUNHQHG�LPSUHVVLRQ�LV�YLVLEOH�DIWHU�¿UPO\�
SUHVVLQJ�RQ�WKH�OHDI�VXUIDFH��DV�VKRZQ�LQ�
)LJXUH����LW�LV�HYLGHQFH�RI�ZDWHU�OHDNDJH�IURP�
UXSWXUHG�FHOO�ZDOOV� Figure 2: The fingerprint test demonstrates whether plant 

tissue has died during treatment
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4.   Flame Weeding 
Equipment 
Components and 
#ONlGURATIONS

4.1. Basic Flame Weeding Equipment Components

$OO�SURSDQH�IXHOHG�ÀDPH�ZHHGLQJ�HTXLSPHQW�PXVW�KDYH�VHYHUDO�HTXLSPHQW�FRPSRQHQWV�WR�
FDUU\�RXW�D�VXFFHVVIXO�ÀDPLQJ�WUHDWPHQW��7KH�IROORZLQJ�EDVLF�FRPSRQHQWV�DUH�LOOXVWUDWHG�LQ�
)LJXUH����

�� Supply Tank:�$�SURSDQH�VXSSO\�WDQN��3DUW����SURYLGHV�WKH�SURSDQH�IRU�FRPEXVWLRQ��7KH�
FDSDFLW\�RI�SURSDQH�WDQNV�LQ�ÀDPH�ZHHG�FRQWURO�V\VWHPV�FDQ�UDQJH�IURP���JDOORQ�WR�JUHDWHU�
WKDQ�����JDOORQV�EDVHG�RQ�V\VWHP�VL]H�DQG�FXVWRPHU�QHHG��'HSHQGLQJ�RQ�WKH�W\SH�RI�ÀDPH�
ZHHGLQJ�V\VWHP��WKH�WDQN�ZLOO�QHHG�HLWKHU�D�OLTXLG�RU�YDSRU�VRXUFH�YDOYH��3DUW����

�� Supply Network:�7KH�VXSSO\�QHWZRUN�LV�D�FRPELQDWLRQ�RI�SDUWV�WKDW�FRQWURO�SURSDQH�ÀRZ�
DQG�GLVWULEXWLRQ��3DUWV��±�����0DQXDO�DQG�RU�HOHFWURQLF�YDOYHV�FRQWURO�WKH�SURSDQH�ÀRZ�
IURP�WKH�VXSSO\�WDQN�WR�D�SUHVVXUH�UHJXODWRU��ZKLFK�UHGXFHV�WKH�SUHVVXUH�RI�WKH�SURSDQH�
IURP�WKH�VXSSO\�WDQN��W\SLFDOO\�UDQJLQJ�IURP�����WR�����SRXQGV�SHU�VTXDUH�LQFK�GHSHQGLQJ�
RQ�WDQN�WHPSHUDWXUH��WR�WKH�RSHUDWLQJ�SUHVVXUH��W\SLFDOO\�UDQJLQJ�IURP����WR����SRXQGV�
SHU�VTXDUH�LQFK���$GGLWLRQDO�YDOYHV�SURYLGH�IXUWKHU�FRQWURO�RYHU�WKH�SURSDQH�ÀRZ��DQG�
PDQLIROGV�GLVWULEXWH�WKH�SURSDQH�WR�WKH�WRUFKHV��3URSDQH�FRPSDWLEOH�KDUG�SLSLQJ�DQG�ÀH[LEOH�
KRVH�UDWHG�IRU�WKH�UHTXLUHG�SUHVVXUH�FDUU\�WKH�SURSDQH�IURP�WKH�WDQN��WKURXJK�WKH�UHTXLUHG�
FRPSRQHQWV��H�J���SUHVVXUH�UHJXODWRU���DQG�WR�WKH�WRUFKHV�

�� Torch:�7KH�WRUFK��DOVR�NQRZQ�DV�WKH�EXUQHU��LV�WKH�SRLQW�RI�SURSDQH�FRPEXVWLRQ��3DUWV�
��±�����3URSDQH�PL[HV�ZLWK�DLU�LQVLGH�WKH�WRUFK�KRXVLQJ��DQG�WKH�FRPEXVWLRQ�UHDFWLRQ�
EHJLQV�RQFH�DQ�LJQLWLRQ�VRXUFH�LV�SUHVHQW��7RUFKHV�DUH�FODVVL¿HG�E\�WKHLU�KRXVLQJ�VKDSH²
JHQHUDOO\�ÀDW�RU�WXEXODU²DQG�ZKHWKHU�WKH\�DFFHSW�SURSDQH�LQ�WKH�OLTXLG�RU�YDSRU�VWDWH��

�� Frame:�7KH�IUDPH�LV�WKH�VXSSRUW�VWUXFWXUH�IRU�WKH�SURSDQH�VXSSO\�WDQN��VXSSO\�QHWZRUN��DQG�
SURSDQH�WRUFKHV��,W�SURYLGHV�WKH�PHDQV�WR�FRQ¿JXUH�WKH�WRUFKHV�LQ�WKH�GHVLUHG�WRUFK�FURS�
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RULHQWDWLRQ��7KH�IUDPH�LV�FRPPRQO\�D�ODUJH�PHWDO�VWUXFWXUH�WKDW�FDQ�EH�DWWDFKHG�WR�D�WUDFWRU��
LQ�WKH�FDVH�RI�KDQGKHOG�ÀDPH�ZHHGLQJ�HTXLSPHQW��WKH�KXPDQ�ERG\�LV�FRQVLGHUHG�WKH�IUDPH�

�� Mobilizer: 7KH�PRGH�RI�PRELOL]DWLRQ�RI�D�ÀDPH�ZHHGLQJ�V\VWHP�GHSHQGV�RQ�WKH�W\SH�RI�
V\VWHP��$�ODUJH�URZ�FURS�XQLW�UHTXLUHV�D�WUDFWRU�RU�RWKHU�YHKLFOH��ZKLOH�D�VPDOOHU�JDUGHQ�
XQLW�LV�HLWKHU�SXVKHG��SXOOHG��RU�FDUULHG�E\�WKH�RSHUDWRU�

4.2. Equipment Safety Features

,Q�DGGLWLRQ�WR�WKHVH�EDVLF�HTXLSPHQW�FRPSRQHQWV��SURSDQH�IXHOHG�ÀDPH�ZHHGLQJ�V\VWHPV�
PD\�FRQWDLQ�VHYHUDO�RWKHU�IHDWXUHV�WKDW�LPSURYH�HI¿FLHQF\�RU�SURWHFW�FURSV�RU�WKH�
RSHUDWRU��7KHVH�DGGLWLRQDO�IHDWXUHV�LQFOXGH�WKH�IROORZLQJ��

�� Flame Hoods and Shields:�+RRGV�RYHU�WKH�WRUFK�ÀDPHV�DQG�VKLHOGV�RQ�WKH�VLGHV�RI�WKH�
WRUFKHV�FDQ�EHWWHU�GLUHFW�WKH�KHDW�WR�WKH�ZHHGV��LQFUHDVLQJ�IXHO�HI¿FLHQF\��7KLV�IHDWXUH�LV�
HVSHFLDOO\�KHOSIXO�LI�WUHDWLQJ�ZHHGV�LQ�ZLQG\�FRQGLWLRQV�

�� Emergency Shutdown Switch: $OO�SURSDQH�IXHOHG�ÀDPH�ZHHGLQJ�V\VWHPV�VKRXOG�EH�
HTXLSSHG�ZLWK�DQ�HPHUJHQF\�VKXWGRZQ�VZLWFK�WKDW�FDQ�EH�DFWLYDWHG�LQ�WKH�HYHQW�RI�D�
PDOIXQFWLRQLQJ�EXUQHU��

�� Remote Monitoring and Ignition: $�V\VWHP�WKDW�UHPRWHO\�LJQLWHV�DQG�PRQLWRUV�WKH�VWDWXV�
RI�WKH�WRUFKHV��L�H���LJQLWHG�RU�H[WLQJXLVKHG��FDQ�VLJQL¿FDQWO\�LQFUHDVH�V\VWHP�HI¿FLHQF\�DQG�
HIIHFWLYHQHVV�DQG�SURWHFW�WKH�V\VWHP�RSHUDWRU�IURP�WKH�KHDW�JHQHUDWHG�E\�WKH�WRUFKHV��6XFK�D�
V\VWHP�LV�DOVR�XVHIXO�IRU�H[WLQJXLVKLQJ�WKH�WRUFKHV�DW�WKH�HQG�RI�WKH�¿HOG��H�J���DW�EXIIHU�URZV�
RU�VWULSV��DQG�WKHQ�UH�LJQLWLQJ�WKH�WRUFKHV�ZKHQ�WKH�RSHUDWRU�LV�UHDG\�IRU�WKH�QH[W�SDVV�

Part#   Description 
  1 Propane Tank  
  2 Excess Flow Safety Tank Valve 
  3 Master Solenoid Valve 
  4 Fuel Strainer/Filter
  5 Regulator (10-100 PSI) 
  6 Brass Manifold
  7 Pressure Gauge (0-100 PSI) 
  8 Needle Valve for Pilot Adjustment 
  9 Pilot Solenoid Valve 
10 Brass Manifold 
11 Torch 
12 Torch
13 Torch 
14 Torch

1

2

3 5

11 12 13 14

7

6 9

8

4 10

Figure 3: Diagram of basic flame weeding system components
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&KHFN�ZLWK�WKH�HTXLSPHQW�PDQXIDFWXUHU�RU�VXSSOLHU�WR�OHDUQ�PRUH�DERXW�WKH�IHDWXUHV�RI�WKHLU�
SURSDQH�IXHOHG�ÀDPH�ZHHGLQJ�HTXLSPHQW��

4.3. Examples of Flame Weeding Systems

$�QXPEHU�RI�ÀDPH�ZHHGLQJ�V\VWHPV�DUH�FRPPHUFLDOO\�DYDLODEOH��UDQJLQJ�IURP�VPDOO��
KDQGKHOG�V\VWHPV�WKDW�FDQ�EH�XVHG�WR�FRQWURO�ZHHGV�LQ�UHVLGHQWLDO�JDUGHQV�WR�PXOWL�URZ��

WUDFWRU�SXOOHG�V\VWHPV�IRU�XVH�RQ�ODUJH�IDUPV��
,Q�DGGLWLRQ�WR�WKH�FRPPHUFLDOO\�DYDLODEOH�
RSWLRQV��PDQ\�IDUPHUV�DQG�PHFKDQLFV�FKRRVH�
WR�GHVLJQ�FXVWRP�ÀDPH�ZHHGLQJ�V\VWHPV�WKDW�
PHHW�WKHLU�HFRQRPLF�DQG�FURS�FRQ¿JXUDWLRQ�
UHTXLUHPHQWV�

4.3.1. Tractor-Pulled Commercial 
Flame Weeding Systems

7KHUH�DUH�VHYHUDO�FRPPHUFLDO�ÀDPH�ZHHGLQJ�
V\VWHPV�DYDLODEOH�IRU�XVH�LQ�DJURQRPLF�FURSV�
�)LJXUH�����7KHVH�V\VWHPV�DUH�W\SLFDOO\�GHVLJQHG�
WR�WUHDW�ZHHGV�LQ�PXOWLSOH�FURS�URZV�DW�RQH�WLPH��
$V�D�UHVXOW��WKH\�DUH�RIWHQ�SXOOHG�EHKLQG�D�WUDFWRU�
RU�RWKHU�YHKLFOH��

4.3.2. Handheld Flame Weeding 
Equipment

6PDOO�ÀDPH�ZHHGLQJ�V\VWHPV�WKDW�FDQ�EH�
FDUULHG�E\�WKH�RSHUDWRU�DUH�DOVR�FRPPHUFLDOO\�DYDLODEOH��7KHVH�V\VWHPV�DUH�FRQ¿JXUHG�LQ�WKH�
IRUP�RI�D�FDQH��ZLWK�WKH�SURSDQH�VXSSO\�WDQN�WRZHG�RU�FDUULHG�LQ�D�EDFNSDFN�E\�WKH�RSHUDWRU��
7KH\�W\SLFDOO\�FRVW�DERXW�WKH�VDPH�DV�RWKHU�KDQGKHOG�ODQGVFDSLQJ�HTXLSPHQW��VXFK�DV�VWULQJ�
WULPPHUV�

4.4. Selective and Non-Selective Flame Weeding

)ODPH�ZHHGLQJ�WUHDWPHQWV�FDQ�EH�QRQ�VHOHFWLYH�RU�VHOHFWLYH�WR�FURS�SODQWV��'XULQJ�QRQ�
VHOHFWLYH�ÀDPH�ZHHGLQJ�WUHDWPHQWV��HYHU\WKLQJ�LQ�WKH�WUHDWPHQW�SDWK²ZHHGV�DQG�FURSV²
LV�IXOO\�H[SRVHG�WR�KHDW��7KHUHIRUH��QRQ�VHOHFWLYH�WUHDWPHQWV�DUH�HIIHFWLYH�IRU�FRQWUROOLQJ�
VHHGOLQJV�RI�HDUO\�HPHUJLQJ�ZHHGV��7KLV�W\SH�RI�WUHDWPHQW�LV�PRVW�FRPPRQO\�XVHG�GXULQJ�
SUH�HPHUJHQFH�RI�WKH�FURS�DQG�DW�HDUO\�FURS�JURZWK�VWDJHV�ZKHQ�WKH�FURS�LV�VWLOO�DEOH�
WR�UHFRYHU�IURP�DQ\�WUHDWPHQW�GDPDJH��6HOHFWLYH�ÀDPH�ZHHGLQJ�WUHDWPHQWV�DUH�GRQH�
DIWHU�WKH�FURS�KDV�HPHUJHG�DQG�DLP�WR�WUHDW�ZHHGV�ZKLOH�PLQLPL]LQJ�FURS�LQMXU\��7KLV�
VHOHFWLYLW\�LV�XVXDOO\�DFKLHYHG�WKURXJK�WRUFK�FRQ¿JXUDWLRQ�DQG�RU�WKH�DGGLWLRQ�RI�YDULRXV�
KRRGV��

Figure 4: Four-row flame weeding system developed 
by the University of Nebraska, Lincoln and Agricultural 
Flaming Innovations, Nebraska
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6HOHFWLYH�DQG�QRQ�VHOHFWLYH�WUHDWPHQWV�FDQ�EH�FRQGXFWHG�DV�EDQGHG�RU�IXOO�ÀDPLQJ�
RSHUDWLRQV��%DQGHG�ÀDPH�ZHHGLQJ�WUHDWPHQWV�DUH�FHQWHUHG�RQ�WKH�FURS�URZ�DQG�RQO\�WUHDW�
ZLGWKV�RI�DERXW����LQFKHV��L�H�����LQFKHV�WR�WKH�OHIW�DQG�ULJKW�RI�WKH�URZ���,Q�FRQWUDVW��IXOO�
ÀDPLQJ�RSHUDWLRQV�WUHDW�WKH�IXOO�URZ�ZLGWK��H�J������LQFKHV���7KH�GHFUHDVHG�WUHDWPHQW�DUHD�
RI�EDQGHG�ÀDPLQJ�OHVVHQV�WKH�UHTXLUHG�DPRXQW�RI�SURSDQH�EXW�DOVR�QHFHVVLWDWHV�DGGLWLRQDO�
FXOWLYDWLRQ�RI�WKH�LQWHU�URZ�DUHD�IRU�PRUH�HIIHFWLYH�ZHHG�FRQWURO�
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5.   Recommended 
Propane Dosage 
at Different Weed 
'ROWTHÏ3TAGES

5.1. Calibrating the Propane Dosage

$OO�ÀDPH�ZHHGLQJ�V\VWHPV�PXVW�EH�FDOLEUDWHG�WR�GHOLYHU�D�GRVH�RI�SURSDQH�WKDW�ZLOO�SURYLGH�
WKH�UHTXLUHG�DPRXQW�RI�KHDW�WR�NLOO�ZHHGV��7KH�SURSDQH�DSSOLFDWLRQ�GRVH��W\SLFDOO\�UHSRUWHG�DV�
SURSDQH�JDOORQV�SHU�DFUH��*3$���LV�UHJXODWHG�E\�D�FRPELQDWLRQ�RI�SURSDQH�RSHUDWLQJ�SUHVVXUH�
DQG�DSSOLFDWLRQ�VSHHG��)RU�H[DPSOH��DW�D�GULYLQJ�VSHHG�RI�DERXW���PLOHV�SHU�KRXU������NLORPHWHUV�
SHU�KRXU���SURSDQH�GRVHV�FDQ�UDQJH�IURP�DERXW���*3$�WR����*3$��DERXW���±����NLORJUDPV�SHU�
KHFWDUH��GHSHQGLQJ�RQ�WKH�RSHUDWLQJ�SUHVVXUH�DQG�WKH�VSHFL¿F�WRUFK�EHLQJ�XVHG��$FFRUGLQJ�WR�
WKH�8QLYHUVLW\�RI�1HEUDVND��EDQGHG�ÀDPH�ZHHGLQJ�WUHDWPHQWV�UHTXLUH�DERXW��±��*3$��DQG�IXOO�
ÀDPLQJ�WUHDWPHQWV�JHQHUDOO\�UHTXLUH�SURSDQH�GRVHV�RI���±���*3$�ZKHQ�WUHDWLQJ�ZHHGV�DW�WKHLU�
UHFRPPHQGHG�JURZWK�VWDJH�

7KH�SURSHU�FDOLEUDWLRQ�RI�DQ\�ÀDPH�ZHHGLQJ�HTXLSPHQW�UHTXLUHV�VSHFL¿FDWLRQV�IRU�ERWK�WKH�
SURSDQH�ÀRZ�UDWH�DQG�WKH�RSHUDWLQJ�SUHVVXUH�IRU�WKH�WRUFK�EHLQJ�XVHG��7KH�QR]]OH�RUL¿FH�VL]H�
RI�WKH�WRUFK�LV�WKH�FULWLFDO�VSHFL¿FDWLRQ�WKDW�FDQ�DOWHU�WKLV�UHODWLRQVKLS��*LYHQ�D�¿[HG�RSHUDWLQJ�
SUHVVXUH��WKHUH�LV�D�GLUHFW�FRUUHODWLRQ�EHWZHHQ�QR]]OH�RUL¿FH�VL]H�DQG�SURSDQH�ÀRZ�UDWH��D�
ODUJHU�RUL¿FH�\LHOGV�D�JUHDWHU�ÀRZ�UDWH��$V�D�UHVXOW��ÀRZ�UDWH�DQG�RSHUDWLQJ�SUHVVXUH�WDEOHV�
PXVW�LQFOXGH�LQIRUPDWLRQ�DERXW�WKH�WRUFK�QR]]OH�FRPELQDWLRQ�WR�EH�FRPSUHKHQVLYH�DQG�IXOO\�
GH¿QHG�

.HHSLQJ�WKHVH�VSHFL¿FDWLRQV�LQ�PLQG��7DEOH���GHPRQVWUDWHV�KRZ�YDULRXV�DSSOLFDWLRQ�VSHHGV�
DQG�SURSDQH�SUHVVXUH�FRPELQDWLRQV�DFKLHYH�GLIIHUHQW�SURSDQH�GRVHV��.QH]HYLF�HW�DO����������
7KHVH�YDU\LQJ�GRVDJHV�ZHUH�GHWHUPLQHG�XVLQJ�WRUFKHV�IURP�D�ÀDPH�ZHHGLQJ�UHVHDUFK�XQLW�
DW�WKH�8QLYHUVLW\�RI�1HEUDVND��/LQFROQ��7KH�GDWD�LQ�7DEOH���LV�VSHFL¿F�WR�WKLV�HTXLSPHQW�DQG�
FDQQRW�EH�DSSOLHG�WR�WKH�XVH�RI�DOO�ÀDPH�ZHHGLQJ�WRUFKHV��7R�SURSHUO\�FDOLEUDWH�D�VSHFL¿F�
V\VWHP��SOHDVH�UHTXHVW�FDOLEUDWLRQ�LQIRUPDWLRQ��LQFOXGLQJ�ÀRZ�UDWH��RSHUDWLQJ�SUHVVXUH��DQG�
DSSOLFDWLRQ�VSHHGV��IURP�WKH�HTXLSPHQW�PDQXIDFWXUHU�WKDW�PDGH�WKH�WRUFKHV�IRU�\RXU�ÀDPH�
ZHHGLQJ�HTXLSPHQW�� 
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Table 1: Propane dosages in gallons per acre (GPA) as a function of 
propane pressure (PSI) and application speed (MPH) 

Propane 
Pressure
(PSI )

Speed (MPH)

1 2 4 6 8 10

10 10.2 GPA 5.1 GPA 2.6 GPA 1.7 GPA 1.3 GPA 1.0 GPA

20 18.2 GPA 9.1 GPA 4.5 GPA 3.0 GPA 2.3 GPA 1.8 GPA

30 26.1 GPA 13.0 GPA 6.5 GPA 4.4 GPA 3.3 GPA 2.6 GPA

40 34.0 GPA 17.0 GPA 8.5 GPA 5.7 GPA 4.2 GPA 3.4 GPA

50 42.0 GPA 21.0 GPA 10.5 GPA 7.0 GPA 5.2 GPA 4.2 GPA

60 50.0 GPA 25.0 GPA 12.5 GPA 8.3 GPA 6.2 GPA 5.0 GPA

5.2. Tolerance of Different Weed Species to Flame Weeding at 
Various Growth Stages

7KH�UHTXLUHG�SURSDQH�GRVDJH�IRU�VXFFHVVIXO�ÀDPH�ZHHGLQJ�WUHDWPHQW�GHSHQGV�RQ�WKH�JURZWK�
VWDJH�RI�WKH�ZHHG��,Q�JHQHUDO��VPDOOHU�ZHHGV�DW�KHLJKWV�RI��±��LQFKHV��W\SLFDOO\�ZLWK�RQH�
WR�VL[�OHDYHV��DUH�PXFK�HDVLHU�WR�FRQWURO�ZLWK�SURSDQH�IXHOHG�ÀDPH�ZHHGLQJ�DQG�UHTXLUH�D�
ORZHU�SURSDQH�GRVDJH�IRU�VXFFHVVIXO�WUHDWPHQW�WKDQ�ODUJHU�ZHHGV�WKDW�DUH��±���LQFKHV�WDOO�DQG�
KDYH�VHYHQ�RU�PRUH�OHDYHV��3ODQW�WLVVXH�LV�WKLQ�DQG�GHOLFDWH�DW�HDUO\�YHJHWDWLYH�VWDJHV��ZKLFK�
LQFUHDVHV�SODQW�VHQVLWLYLW\�WR�KHDW�DQG�SUHYHQWV�WKH�ZHHGV�IURP�UHFRYHULQJ�DIWHU�KHDW�GDPDJH�

8VLQJ�QRQ�KRRGHG�WRUFKHV�IRU�EURDGFDVW�ÀDPH�ZHHGLQJ��WKH�8QLYHUVLW\�RI�1HEUDVND��/LQFROQ�
FRQGXFWHG�WHVWV�WR�GHWHUPLQH�WKH�UHFRPPHQGHG�SURSDQH�GRVDJH�UHTXLUHG�WR�DFKLHYH����SHUFHQW�
FRQWURO�RI�GLIIHUHQW�ZHHG�VSHFLHV��ZKLFK�LV�FRPSDUDEOH�WR�WKH�FRQWURO�DFKLHYHG�E\�FKHPLFDO�
KHUELFLGHV��:KLOH����SHUFHQW�FRQWURO�ZDV�XVHG�DV�WKH�EDVHOLQH�GXULQJ�WHVWLQJ�����SHUFHQW�ZHHG�
FRQWURO�LV�FRQVLGHUHG�DFFHSWDEOH�LQ�RUJDQLF�IDUPLQJ�RSHUDWLRQV�EHFDXVH�RI�WKH�ORZHU�HI¿FLHQF\�
RI�DYDLODEOH�RUJDQLF�ZHHG�FRQWURO�PHWKRGV��7DEOH���SURYLGHV�UHFRPPHQGHG�SURSDQH�GRVDJHV�
ZKHQ�XVLQJ�EURDGFDVW�ÀDPH�ZHHGLQJ�DW�YDULRXV�JURZWK�VWDJHV�RI�FRPPRQ�ZHHGV��DQG�)LJXUH�
�±���GHPRQVWUDWH�WKH�HIIHFWV�RI�ÀDPH�ZHHGLQJ�RQ�WKHVH�ZHHG�VSHFLHV�

$V�VKRZQ�LQ�7DEOH����FRPPRQ�ZDWHUKHPS��UHGURRW�SLJZHHG��¿HOG�ELQGZHHG��NRFKLD��LY\OHDI�
PRUQLQJJORU\��YHOYHWOHDI��9HQLFH�PDOORZ��FRPPRQ�UDJZHHG��FRPPRQ�ODPEVTXDUWHUV��WDQV\�
PXVWDUG��DQG�KHQELW�ZHUH�HIIHFWLYHO\�FRQWUROOHG��L�H������SHUFHQW�FRQWURO��ZLWK�SURSDQH�
GRVDJHV�WKDW�DYHUDJHG�DERXW����JDOORQV�SHU�DFUH���a���NLORJUDPV�SHU�KHFWDUH��DW�HDUO\�JURZWK�
VWDJHV��:KHQ�ÀDPHG�DW����OHDI�JURZWK�VWDJHV��WKHVH�ZHHGV�ZHUH�FRQWUROOHG�ZLWK�SURSDQH�
GRVDJHV�WKDW�DYHUDJHG�DERXW����JDOORQV�SHU�DFUH��a���NLORJUDPV�SHU�KHFWDUH���
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*UHHQ�IR[WDLO��\HOORZ�IR[WDLO��DQG�EDUQ\DUGJUDVV�ZHUH�FRQWUROOHG�WR����SHUFHQW�ZLWK�DYHUDJH�
SURSDQH�GRVHV�RI�DERXW���JDOORQV�SHU�DFUH��a���NLORJUDPV�SHU�KHFWDUH��DW�HDUO\�JURZWK�VWDJHV�
DQG����JDOORQV�SHU�DFUH��a���NLORJUDPV�SHU�KHFWDUH��DW���OHDI�JURZWK�VWDJHV��+LJKHU�GRVDJHV�
RI�SURSDQH�ZHUH�UHTXLUHG�WR�UHDFK����SHUFHQW�FRQWURO�RI�WKHVH�VSHFLHV�LQ�FRPSDULVRQ�ZLWK�WKH�
EURDGOHDI�VSHFLHV��*HQHUDO�WUHQGV��EDVHG�RQ�WKH�8QLYHUVLW\�RI�1HEUDVND��/LQFROQ�WHVWLQJ�DQG�
RWKHU�DYDLODEOH�UHVHDUFK��DERXW�WKH�GLIIHUHQFHV�EHWZHHQ�WUHDWLQJ�EURDGOHDI�ZHHGV�DQG�JUDVVHV�
ZLWK�ÀDPH�ZHHG�FRQWURO�DUH�SURYLGHG�LQ�WKH�IROORZLQJ�VHFWLRQV� 

Table 2: List of broadleaf and grass weed species, their growth stages with 
corresponding heights, and various dosages of propane needed to obtain 80 
percent and 90 percent weed control with broadcast flame weeding

Weed 
species

Growth 
stage

Approximate 
weed height 

(inches)

Propane dose 
(gallons per acre) Treatment 

Images80% 
Control

90% 
Control

Common 
waterhemp
(Amaranthus 
rudis)

3-leaf (V3) 2” 6 GPA 8 GPA
Figures 5a  

and 5b5-leaf (V5) 4” 7 GPA 10 GPA

Flowering 15” 7 GPA 10 GPA

Redroot 
pigweed
(Amaranthus 
ƌĞƚƌŽŇĞǆƵƐͿ

3-leaf (V3) 2” 10 GPA 15 GPA
Figures 6a  

and 6b5-leaf (V5) 4” 10 GPA 14 GPA

Flowering 18” 12 GPA 18 GPA

Field bindweed
(Convolvulus 
arvensis)

8-leaf (V8) 2” 6 GPA 8 GPA
Figures 7a  

and 7b10-leaf (V10) 4” 5 GPA 7 GPA

40-leaf (V40) 13” 7 GPA 12 GPA

Kochia
(Kochia 
scoparia)

6-leaf (V6) 1” 8 GPA 10 GPA
Figures 8a  

and 8b10-leaf (V10) 3” 6 GPA 8 GPA

Flowering 18” 10 GPA 15 GPA

Ivyleaf 
morningglory
(Ipomoea 
hederacea)

10-leaf (V10) 3” 8 GPA 12 GPA Figures 9a  
and 9b

14-leaf (V14) 4” 10 GPA 13 GPA Figures 10a  
and 10bFlowering 16” 10 GPA 14 GPA

Velvetleaf
;�ďƵƟůŽŶ�
ƚŚĞŽƉŚƌĂƐƟͿ

5-leaf (V5) 2” 6 GPA 9 GPA
Figures 11a  

and 11b7-leaf (V7) 7” 8 GPA 12 GPA

16-leaf (V16) 39” 12 GPA 21 GPA

Venice mallow
(Hibiscus 
trionum)

3-leaf (V3) 2” 7 GPA 11 GPA
Figures 12a  

and 12b5-leaf (V5) 4” 7 GPA 11 GPA

Flowering 20” 8 GPA 15 GPA
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Weed 
species

Growth 
stage

Approximate 
weed height 

(inches)

Propane dose 
(gallons per acre) Treatment 

Images80% 
Control

90% 
Control

Common 
ragweed
(Ambrosia 
artemisiifolia)

4-leaf (V4) 1” 3 GPA 4 GPA
Figures 13a  

and 13b14-leaf (V14) 8” 5 GPA 6 GPA

26-leaf (V26) 31” 10 GPA 14 GPA

Common 
lambsquarters
(Chenopodium 
album)

5-leaf (V5) 2” 8 GPA 10 GPA
Figures 14a  

and 14b11-leaf (V11) 5” 12 GPA 15 GPA

Tansy mustard
(Descurainia 
pinnata)

9-leaf (V9) 5” 8 GPA 10 GPA Figures 15a  
and 15bFlowering 13” 10 GPA 12 GPA

Henbit
(Lamium 
ĂŵƉůĞǆŝĐĂƵůĞͿ

9-leaf (V9) 6” 13 GPA 15 GPA Figures 16a  
and 16bFlowering 12” 8 GPA 10 GPA

Green foxtail
(Setaria viridis)

5-leaf (V5) 2” 12 GPA 18 GPA
Figures 17a  

and 17b7-leaf (V7) 5” 12 GPA 19 GPA

Flowering 26” 22 GPA 30 GPA

Yellow foxtail
(Setaria pumila)

2-leaf (V2) 2” 9 GPA 15 GPA
Figures 18a  

and 18b4-leaf (V4) 4” 11 GPA 18 GPA

Flowering 19” 17 GPA 28 GPA

Barnyardgrass
(Echinochloa 
crus-galli)

4-leaf (V4) 2” 7 GPA 10 GPA
Figures 19a  

and 19b7-leaf (V7) 7” 9 GPA 16 GPA

Flowering 33” 16 GPA 27 GPA

Note: Propane doses for banded flame weeding are 50 percent to 70 percent lower than the 

broadcast flaming rates provided in this table.

Source: Ulloa et al. (2010a, b) and Knezevic et al., unpublished data.

5.2.1. Broadleaf Weeds

*HQHUDOO\��ZKHQ�D�SURSDQH�GRVH�RI����JDOORQV�SHU�DFUH�����NLORJUDPV�SHU�KHFWDUH��LV�DSSOLHG�
SURSHUO\�XVLQJ�EURDGFDVW�ÀDPH�ZHHGLQJ�ZLWK�QRQ�KRRGHG�WRUFKHV��LW�FDQ�FRQWURO����SHUFHQW�RI�
PRVW�EURDGOHDI�ZHHGV�DW�HDUO\�JURZWK�VWDJHV��XS�WR���LQFKHV�WDOO���8OORD�HW�DO�������D��E���7KLV�
SURSDQH�GRVDJH�FRPSOHWHO\�GHVLFFDWHV�WKH�OHDYHV�RI�DQQXDO�EURDGOHDI�VSHFLHV�ZLWKLQ�D�IHZ�
GD\V�RI�ÀDPH�ZHHGLQJ��OHDYLQJ�QR�RSSRUWXQLW\�IRU�SODQW�UHJURZWK��$W�HDUOLHU�JURZWK�VWDJHV��
D�UHGXFHG�SURSDQH�GRVDJH�FDQ�EH�VXFFHVVIXO��EXW�DV�SODQW�VL]H�LQFUHDVHV��ZHHGV�DUH�PRUH�
WROHUDQW�WR�KHDW�DQG�UHTXLUH�KLJKHU�SURSDQH�GRVDJHV�IRU�VXFFHVVIXO�WUHDWPHQW�

%URDGOHDI�ZHHGV�WKDW�KDYH�FRW\OHGRQV��VXFK�DV�ZLOG�VXQÀRZHU�DQG�FRFNOHEXU��FDQ�VXUYLYH�
ÀDPH�ZHHGLQJ�WUHDWPHQWV�DW�WKHLU�FRW\OHGRQ�VWDJH��7R�LQFUHDVH�WKH�HIIHFWLYHQHVV�RI�WUHDWPHQW��
LW�LV�UHFRPPHQGHG�WKDW�WKHVH�ZHHGV�QRW�EH�WUHDWHG�XQWLO�WZR�WR�IRXU�OHDYHV�KDYH�GHYHORSHG��
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5.2.2. Grasses

*UDVVHV�DUH�KDUGHU�WR�FRQWURO�WKDQ�EURDGOHDI�VSHFLHV��:KLOH�D�GRVH�RI����JDOORQV�RI�SURSDQH�SHU�
DFUH�FDQ�W\SLFDOO\�FRQWURO����SHUFHQW�RI�EURDGOHDI�ZHHGV�XVLQJ�EURDGFDVW�ÀDPH�ZHHGLQJ�ZLWK�
QRQ�KRRGHG�WRUFKHV��LW�FDQ�RQO\�SURYLGH�DERXW����SHUFHQW�FRQWURO�RI�JUDVV�VSHFLHV�LQ�WKH�IRUP�
RI�VKRUW�WHUP�VXSSUHVVLRQ�ZKHQ�ÀDPHG�DW�WKHLU�HDUO\�YHJHWDWLYH�JURZWK�VWDJHV��WZR�WR�VHYHQ�
OHDYHV���8OORD�HW�DO�������D��E���7KLV�YDULDWLRQ�LQ�HIIHFWLYHQHVV�LV�OLNHO\�GXH�WR�WKH�SK\VLFDO�
SRVLWLRQ�RI�WKH�JURZLQJ�SRLQW�RI�JUDVVHV�DW�WKH�WLPH�RI�ÀDPLQJ��%HFDXVH�WKH�JURZLQJ�SRLQW�LQ�
JUDVV�VSHFLHV�GXULQJ�HDUO\�JURZWK�VWDJHV�LV�EHORZ�WKH�VRLO�VXUIDFH��LW�LV�SURWHFWHG�IURP�WKH�ÀDPH��
,Q�FRQWUDVW��WKH�JURZLQJ�SRLQW�LQ�EURDGOHDI�VSHFLHV�LV�DERYH�WKH�JURXQG�

:KLOH�WKH�OHDYHV�RI�JUDVV\�VSHFLHV�WXUQ�ZKLWH�VKRUWO\�DIWHU�ÀDPLQJ��OHDYLQJ�DQ�DSSHDUDQFH�
RI�D�GHDG�SODQW��ZLWKLQ�D�ZHHN�RU�WZR�SODQWV�EHJLQ�WR�UHFRYHU�ZLWK�WKH�JURZWK�RI�QHZ�OHDYHV��
&RQWURO�RI�JUDVV�VSHFLHV�FDQ�EH�LPSURYHG�E\�SHUIRUPLQJ�D�VHFRQG�ÀDPH�ZHHGLQJ�WUHDWPHQW�
ZLWKLQ��±���GD\V�RI�WKH�¿UVW�WUHDWPHQW��,I�DQ�DGGLWLRQDO�ÀDPH�ZHHGLQJ�WUHDWPHQW�LV�QRW�
IHDVLEOH��DJJUHVVLYH�FXOWLYDWLRQ��L�H���FXOWLYDWRU�VKDQNV�DGMXVWHG�WR�SXVK�VRLO�RQ�WRS�RI�WKH�
ÀDPHG�JUDVV��ZLWKLQ�D�IHZ�KRXUV�RI�ÀDPLQJ�FDQ�KHOS�SUHYHQW�JUDVV�UHJURZWK�

5.2.3. Perennial Weeds

6RPH�SHUHQQLDO�DQG�ELDQQXDO�ZHHGV��LQFOXGLQJ�GDQGHOLRQ�DQG�&DQDGD��0XVN��DQG�3OXPOHVV�
WKLVWOH��DUH�H[WUHPHO\�VHQVLWLYH�WR�KHDW��DQG�WKHLU�DERYHJURXQG�WLVVXH�DQG�ELRPDVV�FDQ�EH�
HDVLO\�NLOOHG��)RU�H[DPSOH��WKH�8QLYHUVLW\�RI�1HEUDVND��/LQFROQ�VWXG\�VXJJHVWHG�WKDW�D�
SURSDQH�UDWH�RI���JDOORQV�SHU�DFUH�WXUQHG�OHDYHV�RI�&DQDGD�WKLVWOHV�FRPSOHWHO\�EODFN�ZLWKLQ�
���KRXUV�DIWHU�ÀDPH�ZHHGLQJ��+RZHYHU��EHFDXVH�ÀDPLQJ�LV�XQDEOH�WR�SHQHWUDWH�GHHS�LQWR�
WKH�VRLO�WR�GHVWUR\�WKH�URRW�VWUXFWXUHV�RI�SHUHQQLDO�ZHHGV��WKHVH�SODQWV�UHJUHZ�D�IHZ�ZHHNV�
ODWHU��7R�FRQWURO�WKHVH�ZHHGV�WKURXJKRXW�WKH�VHDVRQ��ÀDPH�ZHHGLQJ�PXVW�EH�UHSHDWHG�
VHYHUDO�WLPHV�GXULQJ�WKH�VHDVRQ��5HSHDWHG�ÀDPLQJ�RYHU�VHYHUDO�\HDUV�FDQ�GHSOHWH�WKH�
QXWULHQWV�IURP�WKH�URRW�DQG�UHVXOW�LQ�D�FRPSOHWH�NLOO�RI�WKH�SODQW��

5.3. The Impact of Moisture on the Effectiveness of  
Flame Weeding

$Q\�NLQG�RI�PRLVWXUH��LQFOXGLQJ�KHDY\�GHZ�DQG�UDLQ�GURSOHWV�RQ�ZHHG�OHDYHV��FDQ�UHGXFH�WKH�
HIIHFWLYHQHVV�RI�ÀDPH�ZHHGLQJ�WUHDWPHQWV�RU�UHTXLUH�KLJKHU�SURSDQH�GRVHV�WR�EH�VXFFHVVIXO��
:KHQ�ZHHGV�DUH�ZHW��D�SRUWLRQ�RI�WKH�KHDW�DSSOLHG�WR�WKH�ZHHG�OHDYHV�LV�XVHG�WR�HYDSRUDWH�WKH�
VXUIDFH�ZDWHU�IURP�WKH�OHDI��ZKLFK�UHGXFHV�WKH�DPRXQW�RI�KHDW�WKDW�UHDFKHV�WKH�LQWHULRU�SODQW�
WLVVXH��,I�WKLV�LQWHULRU�SODQW�WLVVXH�LV�QRW�VXI¿FLHQWO\�KHDWHG�WR�WKH�SRLQW�WKDW�WKH�FHOO�ZDOOV�EXUVW�
DQG�FDXVH�WKH�SODQW�WR�GU\�RXW��WKH�ZHHG�FDQ�VXUYLYH�WKH�ÀDPH�ZHHGLQJ�WUHDWPHQW��'HVSLWH�WKLV�
SRWHQWLDO�EDUULHU��ÀDPH�ZHHGLQJ�WUHDWPHQWV�FDQ�EH�HIIHFWLYH�RQH�KRXU�DIWHU�LW�KDV�VWRSSHG�UDLQLQJ�

:KLOH�WKH�SUHVHQFH�RI�PRLVWXUH�FDQ�GHFUHDVH�WKH�HIIHFWLYHQHVV�RI�ÀDPH�ZHHGLQJ�WUHDWPHQWV��LW�
FDQ�DOVR�LQFUHDVH�WKH�VDIHW\�RI�WKH�RSHUDWLRQ��0RLVWXUH�FDQ�ERWK�UHGXFH�WKH�SRWHQWLDO�IRU�FURS�
LQMXU\�DQG�VRDN�WKH�FURS�UHVLGXH�SUHVHQW�RQ�WKH�¿HOG��UHGXFLQJ�WKH�ULVN�RI�¿UH��)RU�WKLV�UHDVRQ��
LW�LV�RIWHQ�UHFRPPHQGHG�WKDW�IDUPHUV�LUULJDWH�¿HOGV�ZLWK�KDOI�DQ�LQFK�RI�ZDWHU�EHIRUH�ÀDPH�
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ZHHGLQJ�WUHDWPHQWV��/LJKW�LUULJDWLRQ�FDQ�DOVR�SURPRWH�WKH�HDUO\�HPHUJHQFH�RI�ZHHG�VSHFLHV�
WKDW�FDQ�WKHQ�EH�FRQWUROOHG�ZLWK�QRQ�VHOHFWLYH�EURDGFDVW�ÀDPH�ZHHGLQJ��2UJDQLF�YHJHWDEOH�
SURGXFHUV�FRPPRQO\�LUULJDWH�SUHSDUHG�VHHGEHGV�WR�VWLPXODWH�ZHHG�JHUPLQDWLRQ��DQG�WKHQ�XVH�
ÀDPH�ZHHGLQJ�WR�NLOO�ZHHG�VHHGOLQJV�EHIRUH�SODQWLQJ�WKH�FURS�RU�EHIRUH�FURS�HPHUJHQFH���

Figures 5a–19b: Common weed species’ response to propane-fueled 
broadcast flame weeding treatment

Before Flame Weeding 10 Days After Flame Weeding

Figure 5a: Common waterhemp at the 10-leaf 
(V10) stage

Figure 5b: Common waterhemp flamed with 10 
gallons of propane per acre at the 10-leaf (V10) 
stage

Figure 6a: Redroot pigweed at the 10-leaf 
(V10) stage

Figure 6b: Redroot pigweed flamed with  
10 gallons of propane per acre at the 10-leaf 
(V10) stage 
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Before Flame Weeding 10 Days After Flame Weeding

Figure 7a: Field bindweed at the 10-leaf (V10) 
stage 

Figure 7b: Field bindweed flamed with  
10 gallons of propane per acre at the 10-leaf 
(V10) stage 

Figure 8a: Kochia at the 10-leaf (V10) stage Figure 8b: Kochia flamed with 10 gallons of 
propane per acre at the 10-leaf (V10) stage  

Figure 9a: Ivyleaf morningglory at the 10-leaf 
(V10) stage 

Figure 9b: Ivyleaf morningglory flamed with 10 
gallons of propane per acre at the 10-leaf (V10) 
stage
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Before Flame Weeding 10 Days After Flame Weeding

Figure 10a: Ivyleaf morningglory at the 14-leaf 
(V14) stage 

Figure 10b: Ivyleaf morningglory flamed with 
10 gallons of propane per acre at the 14-leaf 
(V14) stage 

Figure 11a: Velvetleaf at the 7-leaf (V7) stage 
 

Figure 11b: Velvetleaf flamed with 10 gallons 
of propane per acre at the 7-leaf (V7) stage 

Figure 12a: Venice mallow at the 5-leaf  
(V5) stage

Figure 12b: Venice mallow flamed with  
10 gallons of propane per acre at the 5-leaf  
(V5) stage 
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Before Flame Weeding 10 Days After Flame Weeding

Figure 13a: Common ragweed at the 14-leaf 
(V14) stage 

Figure 13b: Common ragweed flamed with 
10 gallons of propane per acre at the 14-leaf 
(V14) stage 

Figure 14a: Common lambsquarters at the 
5-leaf (V5) stage

Figure 14b: Common lambsquarters flamed 
with 10 gallons of propane per acre at the 
5-leaf (V5) stage

Figure 15a: Tansy mustard at the 9-leaf  
(V9) stage

Figure 15b: Tansy mustard flamed with 10 
gallons of propane per acre at the 9-leaf  
(V9) stage
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Before Flame Weeding 10 Days After Flame Weeding

Figure 16a: Henbit at the flowering stage Figure 16b: Henbit flamed with 10 gallons of 
propane per acre at the flowering stage

Figure 17a: Green foxtail at the 7-leaf (V7) stage Figure 17b: Green foxtail flamed with  
10 gallons of propane per acre at the 7-leaf  
(V7) stage

Figure 18a: Yellow foxtail at the 4-leaf   
(V4) stage

Figure 18b: Yellow foxtail flamed with  
10 gallons of propane per acre at the 4-leaf  
(V4) stage
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Before Flame Weeding 10 Days After Flame Weeding

Figure 19a: Barnyardgrass at the 7-leaf  
(V7) stage

Figure 19b: Barnyardgrass flamed with  
10 gallons of propane per acre at the 7-leaf  
(V7) stage 
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6.   Crop Tolerance To 
Post-Emergent Flame 
Weeding

6.1. Recommended Growth Stages for Flame Weed Control on 
Common Crops

7KH�JURZWK�VWDJH�RI�D�FURS�LV�FULWLFDO�ZKHQ�GHFLGLQJ�ZKHWKHU�WR�XVH�ÀDPH�ZHHGLQJ�WR�FRQWURO�
ZHHGV�DIWHU�FURS�HPHUJHQFH��.QH]HYLF�DQG�8OORD���������$OO�DJURQRPLF�FURSV�DUH�VHQVLWLYH�
WR�KHDW��DQG�ÀDPLQJ�FURSV�DW�WKH�LQFRUUHFW�JURZWK�VWDJH�FRXOG�UHVXOW�LQ�VHYHUH�\LHOG�ORVVHV��$V�
VKRZQ�LQ�7DEOH����JUDVV�W\SH�FURSV��VXFK�DV�¿HOG�FRUQ��SRSFRUQ��VZHHW�FRUQ��DQG�VRUJKXP��DUH�
PRUH�WROHUDQW�WR�SURSDQH�IXHOHG�SRVW�HPHUJHQFH�ÀDPH�ZHHGLQJ�WKDQ�EURDGOHDI�FURSV��VXFK�DV�
VR\EHDQ�DQG�VXQÀRZHU��3RVW�HPHUJHQFH�ÀDPH�ZHHGLQJ�LV�QRW�UHFRPPHQGHG�LQ�ZLQWHU�ZKHDW�
GXH�WR�KLJK�LQMXU\�OHYHO�DQG�XQDFFHSWDEOH�\LHOG�ORVV�

'XULQJ�SRVW�HPHUJHQFH�ÀDPH�ZHHGLQJ��WRUFKHV�VKRXOG�EH�FRQ¿JXUHG�IRU�EDQGHG�ÀDPLQJ��L�H���
WRUFKHV�DUH�SRVLWLRQHG�DW�OHDVW���LQFKHV�IURP�WKH�FURS�URZ���7KLV�FRQ¿JXUDWLRQ�HQDEOHV�ÀDPLQJ�
EHQHDWK�WKH�FURS�FDQRS\��ZKLFK�SURWHFWV�WKH�JURZLQJ�SRLQW�RI�WKH�FURS�GXULQJ�ÀDPH�ZHHGLQJ�
DQG�UHGXFHV�WKH�SRWHQWLDO�IRU�FURS�GDPDJH��&URS�GDPDJH�FDQ�EH�IXUWKHU�PLQLPL]HG�E\�XVLQJ�
FXVWRP�GHVLJQHG�KRRGV�WKDW�NHHS�WKH�ÀDPH�HQWLUHO\�EHQHDWK�WKH�FURS�FDQRS\��7KH�XVH�RI�
EDQGHG�ÀDPH�ZHHGLQJ�DOORZV�IRU�WUHDWPHQW�DW�D�JUHDWHU�VSDQ�RI�FURS�JURZWK�VWDJHV�WKDQ�QRQ�
VHOHFWLYH�EURDGFDVW�ÀDPH�ZHHGLQJ�GLUHFWO\�RYHU�WKH�FURS�URZ� 

Table 3: Recommended crop growth stages for post-emergent flame weeding, 
as influenced by the position of the torches and flames relative to the crop 
row

Crop
Broadcast flame 
weeding (leaf stage 
and height)

Banded flame weeding 
(below crop canopy) Source

Field corn VE–V1(1”–2”) V1–V10 (2”–36”) Ulloa et al. (2011a)
Popcorn VE–V1 (1”–2”) V1–V10 (2”–36”) Ulloa et al. (2010d)
Sweet corn VE–V1 (1”–2”) V1–V10 (2”–36”) Ulloa et al. (2010c)
Sorghum VE–V1 (1”–2”) V1–V10 (2”–24”) Ulloa et al. (2011b)
Soybean VE–VC (1”–2”) V4–V5 (12”–16”) Ulloa et al. (2010e)
Sunflower VE–VC (1”–2”) V8–V14 (14”–28”) Neilson et al. (2011)
Winter wheat Ulloa et al. (2010f)

VE = emergence growth stage;  VC = cotyledon growth stage;  V# = Number of leaves of growth stage 
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%DVHG�RQ�WHVWLQJ�E\�WKH�8QLYHUVLW\�RI�1HEUDVND��/LQFROQ��LW�LV�UHFRPPHQGHG�WKDW�ÀDPH�ZHHGLQJ�
WUHDWPHQWV�RI�WKHVH�FURSV�XVH�D�SURSDQH�GRVH�RI����JDOORQV�RI�SURSDQH�SHU�DFUH�IRU�EURDGFDVW�
ÀDPLQJ�DQG���JDOORQV�RI�SURSDQH�SHU�DFUH�IRU�EDQGHG�ÀDPH�ZHHGLQJ��ZLWK�D�PD[LPXP�RI�WZR�
SRVW�HPHUJHQFH�ÀDPLQJ�RSHUDWLRQV�SHU�VHDVRQ��)ODPH�ZHHGLQJ�VKRXOG�EH�SHUIRUPHG�DURXQG�
QRRQ�WR�DFKLHYH�PD[LPXP�ZHHG�FRQWURO�ZLWK�PLQLPDO�FURS�GDPDJH��8OORD�HW�DO���������

6.1.1. Recommended Growth Stages for Flame Weeding in Corn

&RUQ�FDQ�EH�VDIHO\�ÀDPHG�IURP�LWV�HPHUJHQFH��9(��WR����OHDI��9����JURZWK�VWDJHV��ZLWK�D�
PD[LPXP�RI�WZR�SRVW�HPHUJHQFH�ÀDPLQJ�RSHUDWLRQV�SHU�VHDVRQ��%DVHG�RQ�WKH�8QLYHUVLW\�
RI�1HEUDVND��/LQFROQ�WHVWLQJ��ÀDPH�ZHHGLQJ�FRQGXFWHG�WKUHH�WLPHV�LQ�¿HOG�FRUQ�DW�WKH�
��OHDI��9������OHDI��9����DQG���OHDI��9���JURZWK�VWDJHV�H[KLELWHG�PRUH�WKDQ����SHUFHQW�
LQMXU\�ZLWK�DV�KLJK�DV�D����SHUFHQW�\LHOG�UHGXFWLRQ�FRPSDUHG�WR�WKH�ZHHG�IUHH�FRQWURO�SORWV�
�1HGHOMNRYLF�HW�DO����������

7KH�UHFRPPHQGHG�FRUQ�JURZWK�VWDJHV�IRU�ÀDPH�ZHHGLQJ�WUHDWPHQW�DQG�GLUHFWLRQV�IRU�
WUHDWPHQW�GXULQJ�WKHVH�VWDJHV�DUH�SURYLGHG�LQ�7DEOH����)LJXUHV���D±��F�GHPRQVWUDWH�FRUQ�
UHFRYHU\�RYHU�WLPH�ZKHQ�FURSV�DUH�ÀDPHG�DW�WKH�UHFRPPHQGHG�FURS�JURZWK�VWDJHV�IRU�SRVW�
HPHUJHQFH�ÀDPH�ZHHGLQJ��7KH�UHFRPPHQGHG�ÀDPH�ZHHGLQJ�WUHDWPHQW�RI�FRUQ�FURSV�FDQ�
DOVR�EH�DSSOLHG�WR�VRUJKXP� 

Table 4: Recommended crop growth stages for flame weeding in various 
corn types (field corn, popcorn, and sweet corn)

Growth stage Treatment Recommendations

Pre-emergence If there are standing weed populations in the field, it is 
recommended to flame the entire field using broadcast 
flame weeding before crop planting or crop emergence.

Emergence/spike stage (V1) When corn crops are treated at the V1 stage with 
broadcast flame weeding, the young leaves may show 
temporary injury, but there will be no effects on crop 
yield.

2–3 leaf stage (V2–V3) There is potential for high crop injury (greater than 50 
percent) after flaming at these growth stages, but it does 
not cause yield reduction because corn plants are able to 
recover over time (Figures 20a–20c and 21a–21c).

4–10 leaf stage (V4–V10) When using flame weeding at these growth stages, keep 
the flames below the crop canopy to avoid potential 
reductions in crop yield. The bottom leaves may show 
some temporary injury following treatment at this growth 
stage, but there will be no effects on crop yield. (Figures 
22a–22c and 23a–23c).
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Figures 20a–23c: Corn recovery over time following propane-fueled flame weeding 

Before Flame Weeding 1 Day After Flame Weeding 14 Days After Flame Weeding

Figure 20a: Corn at the 2-leaf  
(V2) stage

Figure 20b: 1 day after flaming corn 
at the 2-leaf (V2) stage

Figure 20c: 14 days after flaming  
corn at the 2-leaf (V2) stage

Figure 21a: Corn at the 3-leaf  
(V3) stage

Figure 21b: 1 day after flaming corn 
at the 3-leaf (V3) stage

Figure 21c: 14 days after flaming corn 
at the 3-leaf (V3) stage

Figure 22a: Corn at the 4-leaf  
(V4) stage

Figure 22b: 1 day after flaming corn 
at the 4-leaf (V4) stage

Figure 22c: 14 days after flaming corn 
at the 4-leaf (V4) stage

Figure 23a: Corn at the 6-leaf  
(V6) stage

Figure 23b: 1 day after flaming corn 
at the 6-leaf (V6) stage

Figure 23c: 14 days after flaming corn 
at the 6-leaf (V6) stage
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6.1.2. Recommended Growth Stages for Flame Weeding in Soybean

6R\EHDQ�LV�WROHUDQW�WR�ÀDPH�ZHHGLQJ�RQO\�DW�WKH�HPHUJHQFH�XQIROGHG�FRW\OHGRQ��9(±9&��
VWDJHV�DQG�DW�WKH��±��WULIROLDWH��9�±9���JURZWK�VWDJHV��7KH�UHFRPPHQGHG�VR\EHDQ�JURZWK�
VWDJHV�IRU�ÀDPH�ZHHGLQJ�WUHDWPHQW�DQG�GLUHFWLRQV�IRU�WUHDWPHQW�GXULQJ�WKHVH�VWDJHV�DUH�
SURYLGHG�LQ�7DEOH����)LJXUHV���D±��F�GHPRQVWUDWH�VR\EHDQ�UHFRYHU\�RYHU�WLPH�ZKHQ�FURSV�
DUH�ÀDPHG�DW�WKH�UHFRPPHQGHG�FURS�JURZWK�VWDJHV�IRU�SRVW�HPHUJHQFH�ÀDPH�ZHHGLQJ�

6R\EHDQ�FDQ�WROHUDWH�D�PD[LPXP�RI�WZR�SRVW�HPHUJHQFH�ÀDPLQJ�RSHUDWLRQV�SHU�VHDVRQ��
%DVHG�RQ�WKH�8QLYHUVLW\�RI�1HEUDVND��/LQFROQ�WHVWLQJ��ÀDPH�ZHHGLQJ�FRQGXFWHG�WKUHH�WLPHV�
LQ�VR\EHDQ�FURSV�DW�WKH�FRW\OHGRQ��9&���VHFRQG�WULIROLDWH��9����DQG�¿IWK�WULIROLDWH��9���
JURZWK�VWDJHV�UHVXOWHG�LQ�PRUH�WKDQ����SHUFHQW�FURS�LQMXU\�DQG�DV�KLJK�DV����SHUFHQW�\LHOG�
UHGXFWLRQ��7XUVXQ�HW�DO��������� 

Table 5: Recommended crop growth stages for flame weeding  
in soybean 

Growth stage Comments

Pre-emergence If there are standing weed populations in the field, it is 
recommended to flame the entire field using broadcast 
flame weeding before crop planting or crop emergence.

Emergence/cotyledon  
(VE and VC)

Soybean cotyledons are tolerant to heat produced by the 
recommended dose of propane. While soybean may show 
temporary injury in the form of browning after broadcast 
flame weeding, flaming during this growth stage does not 
cause yield reduction because soybean plants are able to 
recover over time (Figures 24a–24c). As shown in Figure 
24a, soybeans should be flamed when cotyledons are 
closed or partially open. If cotyledons are fully open and 
the growing point is exposed to flame, flame weeding 
treatments could cause major reductions in crop yields 
(greater than 50 percent). Depending on the heat of the 
season, the soybean emergence stage may last for a few 
days, while the cotyledon stage may last only 2–4 days. 
Treatment during this phase requires prompt action.

4–5 trifoliate (V4–V5) When using flame weeding at these growth stages, keep 
the flames below the crop canopy to avoid potential 
reductions in crop yield. The bottom leaves may show 
some temporary injury following treatment at this growth 
stage, but there will be no effects on crop yield (Figures 
25a–25c).
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,W�LV�QRW�UHFRPPHQGHG�WR�ÀDPH�VR\EHDQ�DW�WKH�XQLIROLDWH��98���¿UVW�WULIROLDWH��9����
VHFRQG�WULIROLDWH��9����RU�WKLUG�WULIROLDWH��9���JURZWK�VWDJHV�EHFDXVH�VR\EHDQ�DW�WKHVH�
VWDJHV�LV�QRW�WDOO�HQRXJK�WR�VDIHO\�GLUHFW�WKH�ÀDPH�DQG�KHDW�EHQHDWK�WKH�FURS¶V�FDQRS\��
([SRVXUH�WR�KHDW�DW�WKHVH�JURZWK�VWDJHV�FRXOG�UHVXOW�LQ�YHU\�KLJK�FURS�LQMXU\��JUHDWHU�WKDQ�
���SHUFHQW��DQG�UHGXFHG�FURS�\LHOGV��JUHDWHU�WKDQ����SHUFHQW���7KH�VR\EHDQ�JURZWK�VWDJHV�
QRW�UHFRPPHQGHG�IRU�ÀDPH�ZHHGLQJ�WUHDWPHQW�DUH�SURYLGHG�LQ�7DEOH����)LJXUHV���D±��E�
VKRZ�WKH�VR\EHDQ�JURZWK�VWDJHV�QRW�UHFRPPHQGHG�IRU�SRVW�HPHUJHQFH�ÀDPH�ZHHGLQJ�

Figures 24a–25c: Soybean recovery over time following propane-fueled flame weeding

Before Flame Weeding 1 Day After Flame Weeding 14 Days After Flame Weeding

Figure 24a: Soybean at the unfolded 
cotyledon (VC) stage

Figure 24b: 1 day after broadcast 
flaming soybean at the unfolded 
cotyledon (VC) stage

Figure 24c: 14 days after broadcast 
flaming soybean at the unfolded 
cotyledon (VC) stage

Figure 25a: Soybean at the fifth-
trifoliate (V5) stage

Figure 25b: 1 day after flaming 
soybean at the fifth-trifoliate  
(V5) stage with a hooded flame 
weeding system

Figure 25c: 14 days after flaming 
soybean at the fifth-trifoliate  
(V5) stage
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Table 6: Growth stages of soybean not recommended for flame weeding

Growth stage Comments

Unifoliate (VU) The unifoliate (VU) stage (Figure 26a) is very sensitive 
to flame weeding. Do not use flame weeding at the 
unifoliate (VU) stage, as it can cause high crop injury 
(greater than 50 percent) and can result in major yield 
reduction (greater than 50 percent).

First-trifoliate (V1) Flame weeding is not recommended at the first-trifoliate 
(V1) stage.

Second-trifoliate (V2) Do not use flame weeding at the second-trifoliate (V2) 
stage (Figure 26b), as soybean crops at this growth stage 
are very sensitive to heat. Flame weeding at the second-
trifoliate (V2) stage can cause high crop injury (greater 
than 70 percent) and can result in major yield reduction 
(greater than 70 percent).

Third-trifoliate (V3) Flame weeding is not recommended at the third-trifoliate 
(V3) stage unless the soybean is a taller variety that 
allows the operator to direct the heat below the canopy 
and growing point or the operator uses specialty hoods 
that are designed to protect the crop’s growing point.

Figures 26a–26b: Growth stages of soybean not recommended for  
post-emergence flame weeding

Figure 26a: Unifoliate (VU) soybean Figure 26b: Second-trifoliate (V2) soybean
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6.1.3. Recommended Growth Stages for Flame Weeding in Sunflower

6XQÀRZHU�LV�WROHUDQW�WR�ÀDPH�ZHHGLQJ�RQO\�DW�WKH�HPHUJHQFH±FRW\OHGRQ��9(±9&��VWDJH�
DQG�DW�WKH��±���OHDI��9�±9����JURZWK�VWDJHV��7KH�UHFRPPHQGHG�VXQÀRZHU�JURZWK�VWDJHV�
IRU�ÀDPH�ZHHGLQJ�WUHDWPHQW�DQG�GLUHFWLRQV�IRU�WUHDWPHQW�GXULQJ�WKHVH�VWDJHV�DUH�SURYLGHG�LQ�
7DEOH����)LJXUHV���D±��F�GHPRQVWUDWH�VXQÀRZHU�UHFRYHU\�RYHU�WLPH�ZKHQ�FURSV�DUH�ÀDPHG�DW�
WKH�UHFRPPHQGHG�FURS�JURZWK�VWDJHV�IRU�SRVW�HPHUJHQFH�ÀDPH�ZHHGLQJ�

7KH�YHJHWDWLYH�JURZWK�VWDJHV�RI�VXQÀRZHU�DUH�GHWHUPLQHG�E\�FRXQWLQJ�WKH�QXPEHU�RI�SDLUV�
RI�OHDYHV�DW�OHDVW�����LQFKHV����FP��LQ�OHQJWK��EHJLQQLQJ�DV����WR���OHDI��9�±9�������WR���OHDI�
�9�±9����DQG����WR���OHDI��9�±9���SDLUV��,I�QDWXUDO�GU\LQJ�RI�WKH�ORZHU�OHDYHV�KDV�RFFXUUHG��LW�
LV�UHFRPPHQGHG�WR�FRXQW�OHDI�VFDUV��H[FOXGLQJ�WKRVH�ZKHUH�WKH�FRW\OHGRQV�ZHUH�DWWDFKHG��WR�
GHWHUPLQH�WKH�SURSHU�JURZWK�VWDJH��6FKQHLWHU�DQG�0LOOHU�������� 

Table 7: Recommended crop growth stages for flame weeding in sunflower

Growth stage Comments

Pre-emergence If there are standing weed populations in the field, it 
is recommended to flame the entire field before crop 
planting or crop emergence.

Emergence/cotyledon  
(VE and VC)

Sunflower cotyledons are tolerant to heat produced by 
the recommended dose of propane. While sunflower 
plants may show temporary injury in the form of 
browning after flame weeding, flaming during these 
growth stages does not cause yield reduction because 
sunflower plants are able to recover over time (Figures 
27a–27c). As shown in Figure 27a, sunflower should 
be flamed when cotyledons are closed or partially open. 
If cotyledons are fully open and the growing point is 
exposed to flame, flame weeding treatments could cause 
major reductions in crop yields (greater than 50 percent). 
The sunflower cotyledon stage lasts only 2–4 days, 
requiring prompt action for flame weeding treatment 
during this phase. 

8–14 leaf (V8–V14) When using flame weeding at these growth stages, keep 
the flames below the crop canopy to avoid potential 
reductions in crop yield. The bottom leaves may show 
some temporary injury following treatment at these 
growth stages, but there will be no effects on crop yield 
(Figures 28a–28c).
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Figures 27a–28c: Sunflower recovery over time following propane-fueled flame weeding

Before Flame Weeding 1 Day After Flame Weeding 14 Days After Flame Weeding

Figure 27a: Sunflower at the 
cotyledon (VC) stage

Figure 27b: 1 day after flaming 
sunflower at the cotyledon (VC) stage 

Figure 27c: 14 days after flaming 
sunflower at the cotyledon (VC) stage 

Figure 28a: Sunflower at the 10–12 
leaf (V10–V12) stage

Figure 28b: 1 day after flaming 
sunflower at the 10–12 leaf  
(V10–V12) stage

Figure 28c: 14 days after flaming 
sunflower at the 10–12 leaf  
(V10–V12) stage
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,W�LV�QRW�UHFRPPHQGHG�WR�ÀDPH�VXQÀRZHU�EHWZHHQ���OHDI��9���DQG���OHDI��9���JURZWK�VWDJHV��
)ODPH�ZHHGLQJ�DW�WKHVH�JURZWK�VWDJHV�FRXOG�UHVXOW�LQ�YHU\�KLJK�FURS�LQMXU\�DQG�UHGXFHG�
FURS�\LHOGV��7KH�VXQÀRZHU�JURZWK�VWDJHV�QRW�UHFRPPHQGHG�IRU�ÀDPH�ZHHGLQJ�WUHDWPHQW�DUH�
SURYLGHG�LQ�7DEOH����)LJXUHV���D±��E�VKRZ�WKH�PRVW�KHDW�VHQVLWLYH�VXQÀRZHU�JURZWK�VWDJHV�
QRW�UHFRPPHQGHG�IRU�SRVW�HPHUJHQFH�ÀDPH�ZHHGLQJ� 

Table 8: Growth stages of sunflower not recommended for flame weeding

Growth stage Comments

1–2 true leaf (V1–V2) The 2-leaf (V2) stage (Figure 29a) is very sensitive to 
flame weeding. Do not use flame weeding at the V2 
stage, as it will cause high crop injury and will result in 
major yield reduction.

3–4 true leaf (V3–V4) Flame weeding is not recommended at the 3–4 true leaf 
(V3–V4) stage. The V4 growth stage (Figure 29b) is very 
sensitive to heat. Flaming at the V4 stage will cause high 
crop injury (greater than 50 percent) and will result in 
severe yield reduction (about 50 percent).

5–6 true leaf (V5–V6) Do not use flame weeding at the 5–6 true leaf  
(V5–V6) stage.

7 true leaf (V7) Flame weeding is not recommended at the 7 true leaf 
(V7) stage, unless the heat can be directed below the 
growing point or specialty hoods are designed to protect 
the growing point of the sunflower.

Figures 29a–29b: Growth stages of sunflower not recommended for post-
emergence flame weeding

Figure 29a: 2 true leaf (V2) sunflower Figure 29b: 4 true leaf (V4) sunflower
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