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WASHINGTON GRAIN COMMISSION

By Camille M. Steber and Kimberly Garland Campbell

6LQFH�������3DFLÀF�1RUWKZHVW�JURZHUV�KDYH�VXIIHUHG�
major losses from discounts due to low falling numbers 
�)1���,Q������DORQH��LW·V�HVWLPDWHG�WKDW�:DVKLQJWRQ�IDUP-
HUV�ORVW�DQ\ZKHUH�IURP�����PLOOLRQ�WR������PLOOLRQ�GXH�WR�
)1�GLVFRXQWV�

7KH�ÀUVW�)DOOLQJ�1XPEHUV�6XPPLW�ZDV�FRQYHQHG�LQ�
)HEUXDU\������ZKHQ�UHVHDUFKHUV�DQG�ZKHDW�LQGXVWU\�
UHSUHVHQWDWLYHV�LGHQWLÀHG�WZR�PDMRU�QHHGV��LPSURYHG�
testing and breeding varieties with improved resistance 
WR�ORZ�)1��

7KH�VHFRQG�)DOOLQJ�1XPEHU�6XPPLW�ZDV�KHOG�LQ�
Portland in late January 2019. This article is intended as 
DQ�XSGDWH�RQ�VROYLQJ�WKH�FKDOOHQJHV�RI�ORZ�)1��*R�WR�
steberlab.org for more information.

'U��&DPLOOH�6WHEHU�ZLWK�WKH�$JULFXOWXUDO�5HVHDUFK�
6HUYLFH�RI�WKH�8�6��'HSDUWPHQW�RI�$JULFXOWXUH��86'$�
$56��RSHQHG�WKH�VHFRQG�VXPPLW�E\�GHVFULELQJ�WKH�)1�
WHVW��LWV�IRLEOHV�DQG�WKH�FDXVHV�RI�ORZ�)1��7KH�+DJEHUJ�
3HUWHQ�)1�WHVW�PHDVXUHV�VWDUFK�GHJUDGDWLRQ�LQ�ZKHDW�
based on how many seconds it takes a stirrer to fall 
through a gravy made by boiling a water-whole grain 
PHDO�PL[WXUH��6WDUFK�LV�GLJHVWHG�E\�WKH�HQ]\PH�DOSKD�
amylase. More alpha-amylase causes more starch diges-
tion, allowing the stirrer to fall faster through thinner 
JUDY\��2YHUVHDV�FXVWRPHUV�UHTXLUH�DQ�)1�RI�PRUH�WKDQ�
����VHFRQGV�WR�DYRLG�WKH�ULVN�RI�SRRU�HQG�XVH�TXDOLW\�GXH�
to elevated alpha-amylase. 

)1�YDULHV�ZLWK�DWPRVSKHULF�SUHVVXUH�EHFDXVH�WKH�WHVW�
uses boiling water, and the temperature at which water 
ERLOV�GHSHQGV�RQ�SUHVVXUH��$OWLWXGH�DQG�ZHDWKHU��KLJK�
and low pressure systems) cause differences in atmo-
spheric pressure. Previous altitude correction tables had 
large altitude increments and no adjustment below 2,000 
feet, leading to over- or under-correction.

'U��6WHSKHQ�'HOZLFKH��86'$�$56��XVHG�D�K\SHUEDULF�
chamber to derive an equation for continuous correc-
WLRQ�RI�)1�EDVHG�RQ�EDURPHWULF�SUHVVXUH��7KLV�VKRXOG�
reduce problems with grain shipments testing at below 
����VHFRQGV�DW�WKHLU�GHVWLQDWLRQ�DIWHU�WHVWLQJ�DW�DERYH�����
seconds upon departure. 

Paul Katovich provided an elevator industry perspec-
WLYH�RQ�ORZ�)1��$V�JHQHUDO�PDQDJHU�RI�+LJK/LQH�*UDLQ�
*URZHUV�&RRSHUDWLYH��.DWRYLFK�LV�LQ�WKH�XQHQYLDEOH�SRVL-
WLRQ�EHWZHHQ�H[SRUWHUV�ZKR�QHHG�JUDLQ�ZLWK�DQ�)1�RI�
PRUH�WKDQ�����VHFRQGV�DQG�IDUPHUV�ZKR�DUH�SRWHQWLDOO\�
GRFNHG�LI�JUDLQ�LV�XQGHU�WKDW�WKUHVKROG��%HWZHHQ������
DQG�������.DWRYLFK�KDV�H[SHULHQFHG�QLQH�ORZ�)1�HYHQWV�

7KH�HOHYDWRU�LQGXVWU\�GRHV�´EOHQG�RIIµ�ORZ�)1�JUDLQ��
but it takes a great deal of sound grain to raise a low 
)1�JUDLQ�ORW�EDVHG�RQ�D�OLTXHIDFWLRQ�HTXDWLRQ��:KLOH�D�
sample measured at or above 270 seconds can be blended 
ZLWK�VRXQG�JUDLQ�WR�PHHW�WKH�����VHFRQG�WKUHVKROG��DQ�
)1�RI�����VHFRQGV�LV�WR[LF��LW�FDQQRW�EH�EOHQGHG�RII�DQG�
FDQ�UXLQ�D�ZKROH�HOHYDWRU�RI�KLJK�)1�JUDLQ��.DWRYLFK�
said. 

+LJK/LQH�*UDLQ�YDOXHV�LWV�PXOWLJHQHUDWLRQDO�UHODWLRQ-
ship with farmers and wants to avoid degrading this 

5LVLQJ�RSWLPLVP�IXHOV�IDOOLQJ�QXPEHUV�UHVHDUFK

Camille Steber (left) and Kim Garland Campbell, both scientists with 

the Agricultural Research Service of the U.S. Department of Agriculture, 

address the second Falling Number Summit which took place in Portland 

Jan. 29-30 and featured a dozen scientists talking about the status 

of their research on both preharvest sprout and late maturity alpha-

amylase.
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WUXVW�WKURXJK�KDUVK�)1�GLVFRXQWV��$�W\SLFDO�GLVFRXQW�VFKHGXOH�GRFNV�IDUPHUV�
���FHQWV�SHU�EXVKHO�IRU�HYHU\����VHFRQGV�EHORZ������WKDW�PHDQV����FHQWV�IRU�D�
sample below 275. 

7R�DYRLG�VXFK�KDUVK�SHQDOWLHV��+LJK/LQH�KDV�JRQH�WR�D�FRQWLQXRXV�GLVFRXQW�
schedule of a half-penny per point (second) discount, but, as Katovich said, “It 
doesn’t take many mistakes to go broke. We are taking a calculated risk. We 
are trying to absorb as much of that risk for the farmer as possible.” 

(OHYDWHG�DOSKD�DP\ODVH�LQ�JUDLQ�UHVXOWLQJ�LQ�ORZ�)1�KDV�WZR�FDXVHV��SUH-
KDUYHVW�VSURXW��3+6��DQG�ODWH�PDWXULW\�DOSKD�DP\ODVH��/0$���3+6�RFFXUV�
when rain falls on mature grain before harvest with alpha-amylase providing 
IXHO�VXJDU�IRU�JHUPLQDWLQJ�VHHGOLQJ�JURZWK��MXVW�DV�0RWKHU�1DWXUH�LQWHQGHG��
,Q�FRQWUDVW��WKH�SXUSRVH�RI�DOSKD�DP\ODVH�SURGXFHG�GXULQJ�/0$�LV�XQFOHDU��
/0$�LV�WULJJHUHG�E\�D�FROG�VKRFN�GXULQJ�WKH�VRIW�GRXJK�VWDJH�RI�JUDLQ�ÀOOLQJ�

%HFDXVH�3+6�DQG�/0$�KDYH�GLIIHUHQW�JHQHWLF�DQG�HQYLURQPHQWDO�WULJJHUV��
ZKHDW�EUHHGHUV�PXVW�VHOHFW�VHSDUDWHO\�IRU�ERWK��:DVKLQJWRQ�6WDWH�8QLYHUVLW\�
�:68��UHVHDUFKHU�*DOLQD�0LNKD\OHQNR�DQG�'U��$OHFLD�.LV]RQDV��86'$�$56��
KDYH�VKRZQ�WKDW�3+6�DSSHDUV�WR�KDYH�D�VWURQJHU�LPSDFW�RQ�FDNH�TXDOLW\�WKDQ�
/0$��)XWXUH�UHVHDUFK�LV�LQWHQGHG�WR�GHWHUPLQH�ZKHWKHU�/0$�DIIHFWHG�JUDLQ�
poses a lower risk to end-use quality.

'U��$QGUHZ�5RVV�IURP�2UHJRQ�6WDWH�8QLYHUVLW\��268��SURYLGHG�D�KLVWRULFDO�
SHUVSHFWLYH�RQ�IDOOLQJ�QXPEHUV�DQG�LPSURYLQJ�WKH�)1�WHVW��5RVV�ZDV�LQWUR-
GXFHG�WR�IDOOLQJ�QXPEHUV�LQ������DV�D�SRVWGRFWRUDO�VFLHQWLVW�LQ�$XVWUDOLD��+H�
VD\V�WKH�PDLQ�SUREOHP�LV�XVLQJ�)1�DV�D�SUHGLFWRU�RI�HQG�XVH�TXDOLW\�LQVWHDG�RI�
using a direct measure of quality (like baking a cake).

“The falling number test has its issues, but it is a valuable metric in the 
PDUNHWSODFH�EHFDXVH�WKH�)1�WHVW�FDQ�LGHQWLI\�ZKHDW�ZLWK�D�ULVN�RI�SRRU�SHUIRU-
mance in end-use applications,” he said.

5RVV�LV�RQH�RI�WKH�LQYHQWRUV�RI�WKH�5DSLG�9LVFR�$QDO\]HU��59$���D�WHVW�WKDW�is 

Figure 1. A factor analytic model was used to compare the tendency of cultivars to have low falling 

numbers (FN) between 2013 and 2016 based on FN testing of the Washington State University 

variety trials. The vertical axis shows increasingly good performance for FN while the horizontal 

axis shows an increasing tendency to respond poorly to challenging environments. Varieties in the 

boxed region have better resistance to low FN. 

more accuratH�WKDQ�)1�EXW�RQO\�LI�
WKH�VORZHU�YHUVLRQ�����PLQXWHV��59$�
test is run. Regardless of the test-
ing method developed, there will 
always be a problem with “noise” 
DW�WKH�����VHFRQG�WKUHVKROG��7KDW·V�
because alpha-amylase levels are 
WKH�VWURQJHVW�GHWHUPLQDQW�RI�)1�
EHORZ�����VHFRQGV��EXW�DERYH�����
seconds, many other factors impact 
)1�VFRUHV�

7ZR�DOWHUQDWLYHV�WR�WKH�)1�WHVW�
were discussed during the second 
)DOOLQJ�1XPEHUV�6XPPLW��&KXQ�
Peng (James) Chen (Ph.D. student) 
DQG�'U��=KLZX�=KDQJ��:68��KDYH�
embarked on a mission to separate 
ORZ�DQG�KLJK�)1�JUDLQ�XVLQJ�K\-
perspectral images of intact grain. 
This will be done using machine 
learning and the sort of mathemati-
cal modeling used for facial recog-
nition. Since this is a new project, its 
accuracy is still unknown. It will be 
valuable, however, if it provides a 
cheap, fast, nondestructive method 
to prevent inadvertent mixing of 
KLJK�DQG�ORZ�)1�JUDLQ��

$QRWKHU�WHVW�PHWKRG�LV�EHLQJ�
SXUVXHG�DW�:68�E\�'UV��$PEHU�
+DXYHUPDOH��$QGUHZ�0F&XEELQ�
DQG�0LNH�3XPSKUH\��+DXYHUPDOH�
has produced monoclonal antibod-
ies to the wheat alpha-amylase pro-
tein in order to create a highly sen-
VLWLYH�(/,6$� V́WULS�WHVW�µ�:KLOH�VXFK�
assays use milled grain, they are 
accurate and are currently being 
XVHG�WR�GHWHFW�*02�FURSV��SUHJ-
nancy and disease. Researchers are 
investigating whether both meth-
ods can be used to differentiate 
EHWZHHQ�/0$�DQG�3+6��VRPHWKLQJ�
WKH�)1�WHVW�FDQQRW�GR�

The best way to reduce the risk 
RI�ORZ�)1�LV�WR�VHOHFW�FXOWLYDUV�
ZLWK�KLJKHU�UHVLVWDQFH�WR�ORZ�)1��
:68�3K�'��VWXGHQW�6WHSKDQLH�
6MREHUJ�DQG�'U��.LPEHUO\�*DUODQG�
&DPSEHOO��86'$�$56��DUH�GHYHORS-
ing statistical methods to quantify 
the genetic differences in varieties 
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and their responses to challenging environments. 

$�)DFWRU�$QDO\WLF�0RGHO�DOORZV�UHVHDUFKHUV�WR�VHSDUDWH�JHQHWLF�DQG�HQYL-
URQPHQWDO�HIIHFWV��ORRNLQJ�ERWK�DW�D�YDULHW\·V�RYHUDOO�)1�SHUIRUPDQFH��\�D[LV��
and at the response to increasingly challenging environments (x-axis). See 
)LJXUH����/RRNLQJ�DW�VRIW�ZKLWH�ZLQWHU�YDULHWLHV�RYHU�WKUHH�\HDUV�VKRZHG�WKDW�
while newer releases like Otto and Pritchett have not yet reached an ideal 
OHYHO�RI�UHVLVWDQFH��WKH\�DUH�VXSHULRU�WR�ROGHU�YDULHWLHV�OLNH�%UXHKO�DQG�;HUSKD��
2WKHU�YDULHWLHV�OLNH�8,�:68�+XIIPDQ��0DU\��7ULIHFWD��3XPD��$56�&UHVFHQW��
$56�&DVWHOOD��/&6�+XON�DQG�1RUZHVW�'XHW�DOUHDG\�VKRZ�EHWWHU�UHVLVWDQFH�WR�
ORZ�)1��

:KLOH�3+6�LV�DQ�DJH�ROG�SUREOHP��/0$�ZDV�GLVFRYHUHG�PDLQO\�E\�
$XVWUDOLDQ�VFLHQWLVWV�LQ�WKH�����V��7R�VHOHFW�IRU�/0$�UHVLVWDQFH��EUHHGHUV�QHHG�
D�UHOLDEOH�WHVW�WKDW�FDQ�EH�FRQGXFWHG�LQ�WKH�JUHHQKRXVH��:68�JUDGXDWH�VWX-
GHQW�&KDQJ��&KORH��/LX��3XPSKUH\�DQG�6WHEHU�IRXQG�WKDW�/0$�VFUHHQLQJ�LQ�
WKH�JUHHQKRXVH�LV�FRPSOLFDWHG��7KHUH�LV�DSSUR[LPDWHO\�D�ÀYH�GD\�ZLQGRZ�LQ�
JUDLQ�GHYHORSPHQW�GXULQJ�ZKLFK�D�FROG�WHPSHUDWXUH�VKRFN�FDQ�LQGXFH�/0$��
The timing of this window varies between cultivars. Different plants, differ-
ent tillers and different grains in a spike reach this stage at different times. 
7KH�1RUWKZHVW�FXOWLYDUV�WKDW�/LX�KDV�H[DPLQHG�GRQ·W�LQGXFH�/0$�ZLWK�D�KHDW�
shock, but do with cold shock. 

*LYHQ�WKH�ODERU�LQWHQVLYH�QDWXUH�RI�/0$�DQG�3+6�VFUHHQLQJ��PDSSLQJ�
resistance loci is a goal that’s needed to speed up the breeding process. Dr. 
-LDQOL�&KHQ�IURP�WKH�8QLYHUVLW\�RI�,GDKR��8,��KDV�LGHQWLÀHG�PROHFXODU�PDUNHUV�
OLQNHG�WR�)1��YLVLEOH�VSURXWLQJ�DQG�/0$�LQ�VSULQJ�ZKHDW��6LQFH�VRPH�RI�WKHVH�
ORFL�IDOO�RQ�WKH�VDPH�FKURPRVRPHV�DV�SUHYLRXVO\�LGHQWLÀHG�ORFL��IXWXUH�ZRUN�
will examine if any of these traits are controlled by similar genes.

'U��6KDQWHO�0DUWLQH]�IURP�&RUQHOO�8QLYHUVLW\�PDSSHG�)1�DQG�3+6�WROHU-
DQFH�ORFL�LQ�VRIW�ZKLWH�ZLQWHU�ZKHDW�ZKLOH�ZRUNLQJ�DW�:68�ZLWK�'U��$UURQ�
&DUWHU��:68��DQG�6WHEHU��7KHVH�PDUNHUV�ZLOO�EH�XVHG�IRU�JHQRPLF�VHOHFWLRQ�LQ�
:68�ZKHDW�EUHHGLQJ�SURJUDPV�DQG�RWKHUV�

Efforts are also underway to use the power of gene editing to address the 

More on FN

The Washington Grain 

Commission (WGC) podcast, 

Wheat All About It!, devotes 

three episodes to the Jan. 29-30 

Falling Number Summit held in 

Portland. Listen to Paul Katovich 

of HighLine Grain explain the 

disconnect between the eleva-

tor industry and farmers in epi-

sode 113; to researchers explain-

ing their work in episode 114; 

and to Oregon State University 

Professor Andrew Ross clarify-

ing why a 60-year old test is still 

the best available, episode 115. 

Access the podcast on iTunes, 

Stitcher, Overcast, Pocket Cast, 

FM Player or by going to the 

WGC website at wagrains.org 

and clicking on summaries.  

)1�SUREOHP�ZLWKRXW�JHQHUDW-
LQJ�*02�ZKHDW��2UHJRQ�6WDWH�
8QLYHUVLW\�ZKHDW�EUHHGHU��'U��
Robert Zemetra, is developing an 
HIÀFLHQW�&5,635�&DV��V\VWHP�WDU-
JHWLQJ�D�JHQH�RQ�FKURPRVRPH��$�
NQRZQ�WR�SURYLGH�3+6�WROHUDQFH�LQ�
wheat and barley breeding pro-
grams on multiple continents.

)LQDOO\��'U��'DROLQ�)X��8,��GH-
scribed using chemically induced 
mutations along with gene edit-
LQJ�WR�FUHDWH�PRGLÀHG�YHUVLRQV�RI�
the wheat alpha-amylase gene, 
7D$P\���7D$P\��LV�SURGXFHG�GXU-
ing seed development, not during 
/0$�DQG�VSURXWLQJ��+H�ZLOO�H[DP-
LQH�LI�PXWDWLRQV�LQ�7D$P\��OHDG�WR�
KLJKHU�)1�

$OWKRXJK�PXFK�SURJUHVV�KDV�
EHHQ�PDGH�VLQFH�WKH�ÀUVW�)DOOLQJ�
1XPEHU�6XPPLW��FKDOOHQJHV�
UHPDLQ��$�´À[µ�UHPDLQV�HOXVLYH��
but research toward better man-
agement is already helping protect 
wheat export customers, elevators 
and farmers.  

It was standing room only at the Falling Number Summit where scientists, students, farmers and the 

elevator industry gathered to hear the latest on efforts to develop a better test to measure alpha 

amylase activity as well as work aimed at weeding out susceptible varieties.
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