
South Dakota State University South Dakota State University 

Open PRAIRIE: Open Public Research Access Institutional Open PRAIRIE: Open Public Research Access Institutional 

Repository and Information Exchange Repository and Information Exchange 

Electronic Theses and Dissertations 

1988 

Control of Downy Brome with Combinations of BAY-SMY-1500 Control of Downy Brome with Combinations of BAY-SMY-1500 

and Metribuzin and Metribuzin 

James R. Smart 

Follow this and additional works at: https://openprairie.sdstate.edu/etd 

Recommended Citation Recommended Citation 
Smart, James R., "Control of Downy Brome with Combinations of BAY-SMY-1500 and Metribuzin" (1988). 
Electronic Theses and Dissertations. 4538. 
https://openprairie.sdstate.edu/etd/4538 

This Thesis - Open Access is brought to you for free and open access by Open PRAIRIE: Open Public Research 
Access Institutional Repository and Information Exchange. It has been accepted for inclusion in Electronic Theses 
and Dissertations by an authorized administrator of Open PRAIRIE: Open Public Research Access Institutional 
Repository and Information Exchange. For more information, please contact michael.biondo@sdstate.edu. 

https://openprairie.sdstate.edu/
https://openprairie.sdstate.edu/
https://openprairie.sdstate.edu/etd
https://openprairie.sdstate.edu/etd?utm_source=openprairie.sdstate.edu%2Fetd%2F4538&utm_medium=PDF&utm_campaign=PDFCoverPages
https://openprairie.sdstate.edu/etd/4538?utm_source=openprairie.sdstate.edu%2Fetd%2F4538&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:michael.biondo@sdstate.edu


CONTROL OF DOWNY BROME WITH COMBINAT I ONS O F  

BAY - SMY - 1 5 0 0  AND METRI BUZIN 

BY 

JAMES R .  SMART 

A thesis submitted in partial fulfillment 
of the requirements for the degree 

Master of Science 
Major in Agronomy 

South Dakota State University 
1988 

H\L-.'"' : L� r·. .., � L!=iA:iY 
Sou::1 C:.�::.�J �._:j L:-·v::!r�ity 

Broo:<i:lQ3, SD 5i'LIJ7-1098 



CONTROL OF DOWNY BROME WITH COMBINATI ONS OF 

BAY -SMY- 1 5 0 0  AND METRI BUZ I N  

Th i s  the s i s  i s  approved as a c red i t ab l e  and 
independent i nve st igat ion by a cand idate for the degree, 
Ma ster o f  S c i ence , and i s  acceptab l e  for meet i ng the thes is 
requ i rements for th i s  degree . Acceptance of th i s  the s i s  
does not imp ly that the conc lus ions reached b y  the 
cand idate a re nece s s a r i l y  the conc lus ion s  of the maj or 
department . 

W .  E .  Arnold 
Ma j o r  Adv i ser 

Mau r i c e  L.  Horton 
Head , Pl ant S c ience Depa rtment 

ii 

Date 

Date 



ACKNOWLE DGEMENTS 

The author grate ful ly acknowl edges the adv i ce 

prov ided by Dr . W .  E .  Arnold , my maj or adv i sor . He has 

helped me t o  become more independant and respons i b l e . 

Learning to recogn i z e  and make use o f  ava i l ab l e  resources 

i s  one of the most important too l s  I have l ea rned wh i l e  

working towards my degree . 

S i ncere apprec iat ion i s  a l s o  expre s s ed to S DSU 

Extens i on Weed Spec i a l ist Leon Wrage, Dr . Fred Cho l ick, Dr . 

Mark Wrucke , Dr . Mark Peterson , and Dav id Vos for the i r  

help and gu idance f o r  my the s i s  work . Al l o f  the se peop l e  

would f requent ly take t ime out o f  the ir bu sy schedu l e s  to 

help or adv i s e  me . 

Many hours o f  l abor have been prov ided by my fr iends 

and co-workers on the S DSU Weed Crew . I wou l d  l i ke to 

thank Brian Nel son , Pam Hutchins on, Ma rk Law, Rick Pr idey, 

Reed Froseth, Bjorn Ne l s on, and Tad Broschat f o r  the ir help 

and f r i endsh ip . 

iii 



TABLE OF CONTENTS 

I ntroduct i o n  

Rev i ew o f  t h e  Literature 

D i stribut i o n  a nd H i story of Downy Brome 

Germ inat i o n  o f  Downy Brome 

Advantages o f  Downy Brome 

Prev ious Methods of Downy Brome Contro l . 

Metribu z i n for Contro l 

Compari son o f  BAY -SMY - 1 5 0 0  and Metr i bu z i n  . 

Tol erance o f  Winter Wheat Cu lt ivars to 

BAY -SMY - 1 5 0 0  and Metribu z in Comb inat i ons . 

Mater i a l s  and Methods . 

Mater i a l s a nd Methods for I nteract ion S tud i e s  . 

Winter Whea t  Tol erance to Chemica l s  

Re su l t s  and D i s cu s s ion 

Page 

. 1 

. 2 

. 2 

3 

6 

6 

. 1 0  

. 1 4  

. 1 5 

. 1 8  

. 1 8  

• 2 7  

. 30 

V i sua l Eva l ua t i ons and Downy Brome Cu lm Counts . 30 

Wheat Y i e l d s  as a f fected by Chem ical Comb i na t i ons . 5 1  

Prote i n  content o f  wheat a s  a ffected by Chem i c a l  

Comb inat ions . 

Conc l u s i on s  for Downy Brome Contro l  S tud i e s . 

Wheat Cu l t iva r S tudy Results and D i scu s s ion . 

Summary a nd Recommendat ions . 

L i terature C i t ed 

Append ix 

. 5 5 

• 5 8  

. 59 

. 6 6  

. 6 7  

• 72 



Figure 

Figure 

Figure 

Figure 

Figure 

LIST OF FIGURES 
Page 

1. Geographical presentation of experimental 
locations of interaction studies in South 
Dakota showing the interaction studies. . 2 1 

2 .  Interaction of various rates of metribuzin 
and SMY-1500 on visual control of downy 
brome for fall 1986 applied treatments at 
Martin , South Dakota. In the equation C = 
percent control , M = rate of metribuzin, 
and S = rate of SMY-1500. 35 

3. Interaction of various rates of metribuzin 
and SMY-1500 on visual control of downy 
brome for fall 1986 applied treatments at 
Highmore, South Dakota. In the equation c 
= percent control , M = rate of metribuzin, 
and s = rate of SMY-1500. 39 

4 .  Interaction of various rates of metribuzin 
and SMY-1500 on visual control of downy 
brome for spring 1986 applied treatments 
at Highmore, South Dakota. In the 
equation C = percent control , M = rate of 
metribuzin, and S = rate of SMY-1500. 42 

5. Interaction of various rates of metribuzin 
and SMY-1500 on visual control of downy 
brome for fall 1985 applied treatments at 
Highmore, South Dakota. In the equation c 
= percent control, M = rate-of metribuzin, 
and s = rate of SMY-1500. 46 

vi 



Li st of Tab l e s  

Tab l e  

1 .  S o i l  characte r i s t i c s  of the e ight 
l oc a t i ons of i nteract i on stud ies . 

2 .  Crop year , p l ant ing date , compound ap
p l i ca t i on date , downy brome dens ity , 
downy brome and winter wheat stage of 
growth , and whether t i l l ered or not on 
the day of app l i cat i on . 

3 .  Cl imat i c  factors at t ime of app l i ca t i on 
for the e ight interact i on stud i e s , ( fa l l  
1 9 8 5 ,  spring 1 9 8 6 , and fa l l  1 9 8 6 )  

4 .  Date s  of p l ant ing , compound appl i ca t i on , 
v i sua l eva luat ions , and harvests for the 
e ight i nteract ion st�d i e s . 

5 .  Corre l at i on between counts of downy 
brome culms per square meter and v i sua l 
rat ings for the e ight interact ion 
exper iments . 

6 .  Ana lys i s  of va riance resu lts for v i su a l  
rat i ng s  of metribuz i n , SMY - 1 5 0 0 , and 
comb i nat i on s  for the various l ocat i ons 
for 1 9 8 6  and 1 9 8 7 . 

7 .  Percent control of downy brome averaged 
over use l eve l s  of metribuz in in 
experiments where there was no 
s i gn if i cant interact ion between 
metribu z i n  and SMY - 1 5 0 0  for visual 
rat ing s . 

8 .  The type of interact ion with the var ious 
use l eve l s  of SMY- 1 5 0 0  and metr ibu zin for 
v i sua l control of downy brome at Mart i n  
for fa l l  1 9 8 6  app l i ed treatments . 

9. Means of downy brome cu lms per square 
meter for each use l evel of metribu z i n , 
SMY - 1 5 0 0 , and combi nat ions for fa l l  1 9 8 6  
app l i ed treatments at Mart i n ,  S outh Dakot a . 

vii 

Page 

1 9  

• 2 0  

2 3  

2 5  

3 1  

. 3 2  

3 3  

36 

. 3 7  



Tab l e  

1 0 . The type o f  i nteract i on with var i ous 
u s e  l eve l s  of SMY - 1 5 0 0  and metr ibu z i n  and 
SMY - 1 5 0 0  for v isual control o f  downy 
b rome at Mart in , South Dakota . 

1 1 . Means o f  downy brome culms per s quare 
meter for each use l eve l o f  metribu z in , 
SMY - 1 5 0 0 , and comb inat ions for f a l l 1 9 8 6  
app l ied treatments at H ighmore , S outh 
Dak ot a . 

1 2 . The type o f  i nteract ion with var i ous u s e  
l eve l s  o f  SMY - 1 5 0 0  and metr ibu z in f o r  
v i su a l  c ont ro l of downy brome for spr i ng 
1 9 8 6 app l ied treatment s at H ighmore , 
S outh Dakot a . 

1 3 . Means o f  downy brome cu lms per square 
meter for each use l eve l of metribu z i n ,  
SMY - 1 5 0 0 , and comb inations for spr ing 
1 9 8 6  app lied treatments at H ighmo re , 
S outh D akota . 

1 4 . The type of interact ion with va r i ous u s e  
l eve l s  o f  SMY- 1 5 0 0 , metribu z in , and 
combinat i ons for vuxual contro l of downy 
brome at Highmo re for fal l  1 9 8 5  app l i ed 
treatments . 

1 5 . Mea n s  o f  downy brome culms per square 
meter for each use l eve l of SMY - 1 5 0 0 , 
met ribu z in ,  and comb inat ions for fa l l  
1 9 8 5  app lied treatments at Highmore , 
S outh Dakota . 

1 6 . Ana lys i s  o f  variance resu lts for cul� 
count s  of downy brome for metribu z i n , 
SMY - 1 5 0 0 , and combinations for the eight 
l ocations .  

1 7 . Downy brome cu lm means averaged ove r  u s e  
r a t e s  o f  met r ibu z in f o r  experiment s where 
there were no s ign ifi cant interact ion 
between metribu zin and SMY - 1 5 0 0 . 

1 8 . Yie ld o f  winter wheat ( Mgjha ) for each 
u s e  l evel of metribuzin , SMY- 1 5 0 0 , and 
combina tions for fa l l  1 9 8 6  app lied 
treatments at Martin , S outh Dakota . 

viii 

Page 

4 0  

4 1  

4 4  

4 5  

4 7  

4 9  

. 50 

52 

53 



Tab l e  

1 9 . Y ie l d  means ( expre s s ed as·percent of 
untreated contro l ) of treated p l ot s  for 

Page 

e ight l ocat i ons . 5 5  

2 0 . Ana l y s i s  of var i ance results for whea t  
p rot e i n  conntent f o r  metribuz in , SMY -
1 5 0 0 , and c omb inat i ons for the e ight 
l ocat ions . 5 6  

2 1 . T reatment compariaons for experiments 
whi ch d i d  not have a s ign ificant 
intera c t ion between BAY-SMY - 1 5 0 0 , and 
herb i c ide comb inat i ons . 5 8  

2 2 . Gra i n  y i e l ds as affected by variou s  rates 
and rate comb inat ions of SMY- 1 5 0 0  and 
metr ibu z in for the cul t ivar tol erance 
study . 6 0  

2� . P l ant he ight a s  affected by va r i ous rat e s  
a n d  rate comb inat ions of SMY - 1 5 0 0  and 
metr ibu z in for the cult ivar t o l erance 
study . 6 1  

2 4 . Wheat culms per meter row as affected by 
var i ou s  rates and rate comb inat i on s  of 
SMY - 1 5 0 0  and metribu z in for the cul t iv a r  
tol erance study . . • 6 3  

2 5 . Percent prot e i n  content of wheat 
cul t ivars a s  affected by various rates 
and rate c omb inat i ons of SMY- 1 5 0 0  and 
met r ibu z in for the cul t ivar tol erance 
study . 6 4  

ix 



LIST OF APPENDIX TABLES 

Table A-1. Average temperature and precipitation 
at location 1. , (Highmore , South 
Dakota) for two weeks prior and four 
weeks following application of 
compounds. 

Table A-2. Average temperature and precipitation 
at location 2 ., (Doland , South Dakota) 
for two weeks prior and four weeks 
following application of compounds. 

Table A-3. Average temperature and precipitation 
at location 3. , (Rapid City , South 
Dakota) for two weeks prior and four 
weeks following application of 
compounds. 

Table A-4. Average temperature and precipitation 
at location 4. , (Highmore , South 
Dakota) for two weeks prior and four 
weeks following application of 
compounds. 

Table A-5. Average temperature and precipitation 
at location 5. , (Doland, South Dakota) 
for two weeks prior and four weeks 
following application of compounds. 

Table A-6. Average temperature and precipitation 
at location 6. , (Martin , South Dakota) 
for two weeks prior and four weeks 
following application of compounds. 

Table A-7. Average temperature and precipitation 
at location 7. , (Highmore , South 
Dakota) for two weeks prior and four 
weeks following application of 
compounds. 

Table A-8. Average temperature and precipitation 
at location 8. , (Doland , South Dakota) 
for two weeks prior and four weeks 
following application of compounds. 

Table A-9 Means of visual ratings of percent 
control of downy brome where 100% 
complete control , and 0% = no control , 
for fall 1985 applied treatments at 
Highmore , South Dakota. 

X 

Page 

73 

• 73 

74 

74 

. 75 

. 75 

76 

. 76 

• 77 



Table A-10. 

Table A-11. 

Table A-12. 

Table A-13. 

Table A-14. 

Table A-15. 

Table A-16. 

Table A-17. 

Means of visual ratings of percent 
control of downy brome where 100% = 

complete control , and 0% = no control , 
for fall 1985 applied treatments at 
Doland , South Dakota. 

Means of visual ratings of percent 
control of downy brome where 100% = 

complete control , and 0% = no control , 
for spring 1986 applied treatments at 
Rapid City , South Dakota. 

Means of visual ratings of percent 
control of downy brome where 100% = 

complete control , and 0% = no control , 
for spring 1986 applied treatments at 
Highmore , South Dakota. 

Means of visual ratings of percent 
control of downy brome where 100% = 

complete control , and 0% = no control , 
for spring 1986 applied treatments at 
Doland , South Dakota. .. 

Means of visual ratings of percent 
control of downy brome where 100% 
complete control , and 0% = no control , 
for fall 1986 applied treatments at 
Martin , South Dakota. 

Means of visual ratings of percent 
control of downy brome where 100% -
complete control , and 0% = no control , 
for fall 1986 applied.treatments at 
Highmore , South Dakota. 

Means of visual ratings of percent 
control of downy brome where ioo% 
complete control , and 0% = no cont·rol , 
for fall 19a6 applied treatments at 
Doland , South Dakota. 

Means of downy brome culms per square 
meter for each use level of metri-
buzin , SMY-1500, and combinations for 
spring 1986 applied treatments at Doland , 
South Dakota. .. 

xi 

78 

79 

.80 

81 

82 

.83 

85 



Table A-18. Means of downy brome culms per square 
meter for each use level of metri
buzin , SMY-1500, and combinations for 
fall 1986 applied treatments at Doland, 
South Dakota. 86 

Table A-19. Means of downy brome culms per square 
meter for each use level of metri
buzin, SMY-1500, and combinations for 
fall 1985 applied treatments at Doland, 
South Dakota. 87 

Table A-20. Means of downy brome culms per square 
meter for each use level of metri
buzin, SMY-1500 , and combinations for 
spring 1986 applied treatments at Rapid 
City, South Dakota. 88 

Table A-21. Yield of winter wheat (Mgjha) for each 
use level of metribuzin, SMY-1500 , and 
combinations for fall 1985 applied 
treatments at Highmore , South Dakota. 89 

Table A-22. Yield of winter wheat (Mg/ha) for each 
use level of metribuzin, SMY-1500 , and 
combinations for fall 1985 applied 
treatments at Doland Dakota. 90 

Table A-23. Yield of winter wheat (Mgjha) for each 
use level of metribuzin , SMY-1500, and 
combinations for spring 1986 applied 
treatments at Rapid City , South 
Dakota. 91 

Table A-24. Yield of winter wheat.(Mgjha) for each 
use level of metribuzin, SMY-1500, and 
combinations for spring 1986 applied 
treatments at Highmore, South Dakota. 92 

Table A-25. Yield of winter wheat (Mgjha) for each 
use level of· metribuzin , SMY-1500, and 
combinations for spring 1986 applied 
treatments at Doland, South Dakota. 93 

Table A-26. Yield of winter wheat ( Mg/ha ) for each 
use level of metribuzin, SMY-1500, and 
combinations for fall 1986 applied 
treatments at Highmore, South Dakota. 94 

xiii 



Table A-27. Yield of winter wheat (Mg/ha) for each 
use level of metribuzin, SMY-1500, and 
combinations for fall 1986 applied 
treatments at Doland, South Dakota. 95 

Table A-28. Yield of winter wheat (Mgjha) for each 
use level of metribuzin, SMY-1500, and 
combinations for fall 1985 applied 
treatments at Highmore, South Dakota. 96 

Table A-29. Yield of winter wheat (Mgjha) for each 
use level of metribuzin, SMY-1500, and 
combinations for fall 1985 applied 
treatments at Doland, South Dakota. 97 

Table A-30 Means of percent protein content of 
wheat when subjected to use levels of 
metribuzin, SMY-1500, and combinations 
for spring 1986 applied treatments at 
Rapid City, _south Dakota. 98 

Table A-31 Means of percent protein content of 
wheat when subjected to use levels of 
metribuzin, SMY-1500, and combinations 
for spring 1986 applied treatments at 
Highmore, South Dakota. 99 

Table A-32 Means of percent protein content of 
wheat when subjected to use levels of 
metribuzin, SMY-1500, and combinations 
for spring 1986 applied treatments at 
Doland, South Dakota. 100 

Table A-33 Means of percent protein content of 
wheat when subjected to use levels of 
metribuzin, SMY-1500, and combinations 
for fall 1986 applied treatments at 
Highmore, South Dakota. 101 

Table A-34 Means of percent protein content of 
wheat when subjected to use levels of 
metribuzin, SMY-1500, and combinations· 
for fall 1986 applied treatments at 
Highmore, South Dakota. 102 

Table A-35 Means of percent protein content of 
wheat when subjected ·to use levels of 
metribuzin, SMY-1500, and combinations 
for fall 1986 applied treatments at 
Martin, South Dakota. 103 

xiv 



Table A-36 Means of percent protein content of 
wheat when subjected to use l evels of 
metribuzin, SMY-1500, and combinations 
for fall 1986 applied treatments at 
Doland, South Dakota. 104 

Table A-37 Precipitation for each location from 
date of application of treatments to 
harvest. 105 

Table A-38 Precipitation for two weeks prior and 
four weeks following application of 
compounds for 1985 and 1986 of the 
varietal tolerance study. 106 

XV 



INTRODUCTION 

Downy brome ( Bromus tectorum L . ) i s  a s evere weed 

prob l em in w inter wheat ( Trit icum aest ivum L . ) throughout 

North Amer i ca ( 2 9 , 3 3 , 4 5 , 4 6 ) . Downy b rome competes for 

space , l ight , nut r ients in the so i l , and mos t  importantly 

mo i sture . Rydrych ( 4 5 )  reported that a g rower w i th 

rea sonab l e  contro l  of downy brome can incre a s e  y i e l d  of 

winter whea t  6 - 1 2  bushe l s  per acre . The l a ck of 

s e l ect ive herb i c ides wh i ch control downy brome i n  winter 

wheat and conservat ion t i� l age pract ices have contributed 

to the spread of downy brome ( 1 5 ,  1 8 , 3 7 , 3 8 , 4 2 , 4 7 , 6 2 ) . 

Some herb i c ides l abeled for downy brome c ontrol in wint er 

wheat requ i re incorporat ion ( 5 ,  6 1 ) . I nc orpo rat ion of 

herbic ides may not be compatib le with reduced or no-ti l l age 

p l ant i ng system s-wh ich have been imp l emented to prevent 

s o i l  ero s i on and winter k i l l  of wheat ( 3 , 8 ,  3 3 , 3 9 , 4 2 ) . 

Met r ibu z i n [ 4 -amino- 6 - ( 1 , 1-d imethy l ethy l ) - 3 -

( methylth i o ) - 1 , 2 , 4 -tria z ine-5 ( 4H ) -one ] contro l s  downy brome 

in winter wheat in the Pac ific Northwes t  and the lower 

Great P l a i n s  regions . However ,  metr ibu zin is not tised in 

South Dakota because of crop injury and i ncon sistent 

control ( 6 6 ) . Metribu z in appl ied before the whe at deve l ops 

sec ondary roots can accentuate winter k i l l  ( 5 ,  6 6 ) . 

Fre e z i ng cond itions or snow cover may inh ib i t  the 

app licat ion of metr ibuz in at the proper growth st age of 
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w inter whe at . 

BAY-SMY - 1 5 0 0  (4 -amino - 6 - ( 1 , 1 -d imethyl e thyl ) - 3 -

ethy l th i o ) -1 , 2 , 4 -t r i a z i ne - 5 ( 4H ) -one] i s  a herb i c i d e  wh ich 

sel ect ively contro l s  downy brome in winter wheat . BAY -SMY-

1 5 0 0  can be app l i ed to a w ider range of whea t  growth stages 

w i thout injury wh ich may be assoc i ated w ith metr ibu z i n . 

The object ives of these stud i e s  were to eva luate 

comb inat i ons of BAY-SMY- 1 5 0 0  and metribu z i n  for synergi stic 

interact i on s  and for downy brome control i n  w inte r  wheat . 

Add i t i ona l l y  the tolerance of f ive cu l t iva rs of w i nter 

wheat t o  BAY-SMY - 1 5 0 0 , metribu z in , and comb i nat i ons of 

.the s e  herb ic ides was exam ined . 

GEOGRAPHI CAL D I S TRI BUT ION AND HISTORY 

Downy b rome i s  the mo st common of a l l  the European 

weedy b romes ( 3 7 )  and is a severe probl em in w inter wheat 

( 2 , 4 5 , 4 7 , 6 2 , · 6 3 ) . The spec ies was introduc ed in the 

mid- 1 8 0 0 s into New York and Pennsylvan i a  from the 

Med it erranean a rea of Europe ( 2 5 )  and has s p read throughout 

North Ame r ican ( 25 ,  3 1 ,  3 7 ) . 

Downy brome s eed usua l l y  germinate s  i n  the fall and 

overw int e rs a s  a b a s a l  rosette of l eave s . The s eed of 

downy b rome w i l l a l s o  germinate in· l a te w i nte r or early 

sp r i ng ( 3 2 , 4 8 ) . I t  i s  a tufted p l ant wh ich grow s from 2 0  

to 6 0  em in he ight . The leaf bl ades and she a th s  a re l ight 

gree n a nd pubescent . The sheaths a re c l o s�d , the · panicl e 

i s  rath e r  den�e , s oft , f ive to e i ght em l o ng , and d roop ing 
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with nodd i ng sp ikel et s  ( 2 5 ) . The glumes a r e  b i l l ous , w ith 

the second be i ng l onger than the f i rst . The t oothed l emma s  

are l ance o l ate and c overed w ith l ong , s oft h a i rs . Awns of 

the p l ant are from 1 0 - 1 8  mm l ong and sharp l y  po inted . 

Pl ants may h ave s evera l t i l l ers appro x imat e l y  4 0  em ta l l  

with hundreds of seeds ( 2 4 ) . The pan i c l e  may o r  may not be 

purp l i sh in c o l or . The ent i re p l ant wi l l  have purp l e  cast 

after it has been subj ected to l ow temp eratu res o r  mo i s ture 

stre s s  ( 5 3 ) . 

The sharp pointed awn of downy brome m ay penetrate 

t i s sue i n  the mouth and throat of gra z ing l ivestock , 

resu lting i n  great d i scomfort and feed intak e  reduct ion 

( 1 7 ) . The l ong awn of downy brome a l s o a ids seed 

d i s s em i nat i on by attach ing to anima l s  ( 1 7 ) . I n  some cases , 

the spread and ma intenance of downy brome i n  cropped l ands 

have been attrib�ted to the advent of s e lf-prope l l ed 

comb ines and to l ivestock gra z ing of stubb l e  f i e l d s  where 

straw and chaff have been p i l ed . ( 2 7 , 33 , 4 3 ,  4 6 ) . 

GERM I NATI ON 

Downy brome p l ants · wh i ch become estab l i shed in the 

fa l l  are more competit ive with winter wheat than are l ate 

winter o r  early spring germ inated p l ants . S p r i ng · 

germ i nat i on reduces p l ant growth , but adequate seed for the 

perpetuation of the spec ies wi l l  st i l l  be p roduced . The 

change from spr ing to winter wheat p roduct i o n  in the 

Pa c i f i c  No rthwest also contributed to the i n c rea s e  in downy 



brome ( 31 ) . S outh Dakota i s  presentl y  hav i ng a gradua l 

cropping shi ft with more acres devoted t o  winter wheat 

producti on ( 6 0 ) . 

There are c on f lict ing reports on s eed dormancy . 

O l der literature i ndicates l itt l e  or no dormancy 

4 

and germ ination app roaching 9 5 - 1 0 0 %  soon a ft e r  s eed 

maturity ( 5 4 ) . Later stud ies indicated that some seeds 

overwinter and may remain v i ab l e  for up to five years (2 8, 

5 9 , 6 4 ) . Downy Brome seed viab i lity in the s o i l  drop s to 

l e s s  than 2% by the th i rd year in a wheat-fa l l ow 

cul ture ( 1 3 , 4 5 , 4 7 ) . Hul l and Hansen ( 2 8 ) reported that 

. 3 0 % of Bromus tectorum s eed may exper i ence del ayed 

germination . Al though most seeds shattered from the 

pan i c l e  fol l owing matur ity , the seeds that rema i n  in the 

pan i c l e s  through the winter germinate more s l owly but at a 

high perc entage ' ( 1 3 , 2 8, 4 5 , 5 1 , 5 8 ) . 

Downy brome seeds usua l ly fai l to ge rminate if 

pl anted immed i ately after wheat harvest , even though the 

emb ryo is fu l ly mature ( 1 ,  1 0 , 1 2 , 6 4 ) . Before the 

caryops e s  beg in to turn purp l e  some of the s eed is v i ab l e  

even i f  o n l y  in the m i lk stage ( 1 6 ,  2 7 ) . M id-May c lipping 

by mow i ng wou l d  ne ither prevent the p roduct i on of a l l  seeds 

nor e l im i nat e further s eed product ion by p l ants which 

emerged l ate r . 

P l ant res idue on the soil surface mode rates 

microenv i ronmenta l effects of temperature and moisture near 



the s o i l  sur face ( 8 ,  1 5 ) . The e f fect o f  tempe rature and 

mo i sture on the seedbed i ncrea ses the p otent i a l  for seed 

5 

germ i nat i on and seedl ing growth o f  downy brome espec i a l l y 

in l ate f a l l ( 8 ,  1 0 , 1 5 ) . 

D ep re s s i ons in the s o i l  surface catch wind 

d i spersed s eeds and increase seed germ i na t i on and seedl ing 

estab l i shment by a ltering the immed i ate phy s i ca l  

env i ronment i n  three ways ( 1 1 ) :  

1 .  The depres s ed s ites reta in mo i sture at the surface 

l onger and h ave more favorabl e  atmospher i c  mo i sture . 

2 .  Cond i t i on s  a re creat�d for more adequate s o i l  coverage 

.of the s eeds wh ich in turn further mod i f i es the 

microenv i ronment . 

3 .  Res idu e s  on the s o i l  surface wh i ch may cont a in downy 

brome s eed t ends to col l ect in depres sed a re a s  and serve as 

a mul ch t o  ma inta in warm s o i l  temperature s c onduc ive to downy broi 

germ inat ion i n  l ate fa l l . 

Co l d  s o i l s and warm dry s o i l s  l im i t  the rate and · 

percentage of seedl ing emergence ( 1 1 ) . Low l eve l s  of s o i l  

mo i s ture reduce downy brome emergence more a t  wa rm than a t  

cool s o i l  temperatures (8, 1 1 ) . Downy brome seeds 
0 

germ inate best at 2 0  C ( 2 8 , 5 7 ) . Downy brome h a s- been-

observed to germ inate where temperatures were sub z ero for 
0 

1 6  hours a day ( 1 1 ) . Mas see ( 2 8 )  found tha t  - 1  c night· 
0 

temperature i n  comb inat ion with 5 c or greate r  dayt ime 

temperature , no· wheat but 1 0 %  of the downy brome eme rged . 



0 
Downy brome germ i nat ion rema ins h i gh even at 3 0  C .  

6 

Wh i l e  downy brome becomes dormant i n  col d  w i nters , 

it cont i nues to grow during m i l d  w i nters ( 2 6 ) . Roots wi l l  
0 

cont i nue to e l ongate at �o i l  temperature s a s  low a s  3 C 

( 2 2 , 2 3 , 2 6 ) . 

Downy brome growi ng in both f i e l d  and g l a s shouses 

qu i ckly grow through the so i l  matr ix to a depth o f  1 m with 

l ittl e  l at e r a l  spread to 1 5  em . Most o f  the root growth 

occurs between December and Apr i l; a max imum root mass 

i s  co i nc i dent w i th f lower ing ( 2 6 ) . The extens ive root 

system o f  downy brome helps make it compet i t ive . Top 

growth resumes devel opment in early spr i ng a fter w i nter 

dormancy ( 5 3 ) . 

ADVANTAGE S OF DOWNY BROME 

Downy brome does have some de s i rab l e  qua l i t i es . It 

can be establ ished eas i ly , ha s a dense root system and 

grows rap idly ( 3 6 ) . A h i gh-qua l i ty forage is produced in 

the early spr i ng be fore perenn i a l  forage gra s s es beg in 

growth ( 3 6 ) . When not gra z ed downy brome adds a l a rge 

amount of orga n i c  matter to the so i l  ( 5 7 ) . The rap id top 

growth and dense root growth of downy brome h e l ps cont rol 

eros ion ( 2 7 ) . 

PREVI OUS METHODS OF DOWNY BROME CONTROL 

Many t imes the seed o f  downy brome w i l l  shatter from 

the head be fore wheat harvest . I f  the s eed does go through 

a.comb ine it is l ighter than wheat and w i l l usua l ly be 
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fanned out w ith cha f f  to re- infest the f ie l d  the fol low i ng 

yea r . 

T i l l age has long been the standa rd means o f  

contro l l i ng downy brome i n  f ields ( 3 3 ) .  The increa s ed use 

o f  stubb l e  mul ch fal low for eros ion contro l , i nc reased use 

o f  n it rogen fert i l i z e rs , and the use herb ic ides that 

control b roadl e a f weeds have intens i f i ed the downy brome 

weed prob l em ( 4 6 ) . D i sc i ng or p lowing i n  the l at e  fa l l  

a fter germ i na t ion and estab l i shment o f  downy brom� k i ll s  

p l ants that h ave become estab l i shed and reduces compet i t ion 

in the p l anted c rop ( 3 3 , �9 ) . Moldboard p low i ng has been 

more e f fect ive than us i ng a one-way d i s k  or a sweep p low in 

contro l l i ng downy brome in winter wheat f a l low rotat ion ( 2 , 

2 0 , 3 4 , 4 2 ) . Plowing bur ies much of the downy brome seed 

at depths too great for emergence and p l aces the seed in 

contact w i th so il . Wicks and Sm ika ( 6 5 ) , found that 

p lowi ng mos t  e f fect ive ly control l ed downy brome when 

compa red w i th f ive other t i l l age treatment s . However , the 

mol dboa rd p low does not a lways comp l etely invert the 

stubb l e  ( 34 ) , and some downy brome seed may rema i n  near the 

so i l  sur face for re- infestat ion ( 4 2 ) . 

Ma s s e e  ( 3 3 )  found that early stubb l e -mul ch t i ll ing ,  

seed i ng w i nter wheat l ate , and perform i ng a f i na l rod 

weed i ng immed i ately be fore p l ant ing resu l ted in only four 
2 

downy brome p l ants per m a s  compared to 38 9 downy brome 
2 

pl ants per m for l ate init i al sweep t i l l age and.earl y. 
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seed i ng without the f in a l  ( one-day prior to wheat p l ant i ng ) 

rod wee d i ng . Downy brome i n festat ions c a n  be contro l l ed i f  

the downy brome grow ing i n  stubb l e  i s  not a l l owed t o  reseed 

( 3 2 )  . 
Numerous stud i e s  have examined v a r i ou s  herb i c ides 

to determ ine the e f f i c a cy i n  contro l l i ng downy brome in 

w i nter wheat ( 3 , 5 ,  14, 2 0 , 3 2 , 3 7 , 3 9 , 4 0 , 4 4 , 4 6 , 4 8 ) . 

Many o f  the resu l t s  have been errat i c , adequate control 

with l ittl e  c rop i njury has been obs erved , In s ome tests 
I 

poor downy brome c ontro l wa s obta i ned , i n  other tests 

severe inj ury to w i nter wheat wa s ob serv ed . 

Tr i f l ur a l i n  2 , 6 -d{n itro-N , N-d ippropy l - 4 -

( tri f luoromethy l ) benz enamine ( 6 1 )  i s  reg i stered for contro l 

o f  downy brome i n  w inter wheat i n  Idaho , Montana , Oregon , 

and Wa s h i ngton ( 5 ) . T r i f lura l in must be i nc o rporated 

with i n  twenty- four hours of appl i cat ion and the wheat seed 

must be p l aced be l ow the treated so i l  zone . The s eedbed 

mu st be f ree o f  straw res idue and large c l ods and the s o i l  

must n o t  be subj ect to eros ion . These res t r i ct i on s  

el iminate t h e  ·use o f  t r i f lura l in with reduced or no- t i l l  

systems for w inter whe at product ion . Fa l l  app l i ca t ion 

o f  tri f lura l i n  in S outh Dakota has produced e rrat i c  results . 

{ 6 6 ) . Winter surv ival o f  winter wheat has been reduced by 

the appl i ca t i on o f  tri f lura l in ( 6 6 ) . Expe r iment s in S outh 

Dakota for winter wheat treated with tri flura l in a t  0 . 5 6 

kgjha had 2 8 %  crop inj ury in 1 9 8 5  and greater than 5 0 %  

injury i n  1 9 8 6  ( 6 6 ) . 
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In 1 9 7 6  Mas see ( 3 2 )  reported chem i ca l  app l icat ion in 

the fa l l  when downy brome had less than three t rue l eave s 

was the best downy brome control tre atment . The l arge r  

downy brome i n  t h e  spring made control more d i f f i cu l t  ( 3 2 ) . 

The mos t  d i f f i cu l t  cropp ing sequence for 

control l i ng downy brome in winter wheat i s  w ith cont i nuous 

w inter whea t  ( 6 1 ) . Ram ig and Sm ika ( 3 9 )  reported that 

downy brome i n festat ions in a winter wheat-w i nter wheat-

f a l low rotat ion v i rtua l ly e l im inated whea t  gra i n  y i e l d  

a fter e i ght yea rs . An average downy brome i n festat ion o f  
2 

ten downy brome p l ants per 3 0  em wi l l  u s e  about 7 . 5  em o f  

so i l  mo i sture i n  a season . Some so i l s  can only hol d  a few 

cent imeters o f  mo i sture , th i s  makes mo i sture compet i t ion 

c r i t i c a l  in dry years . A moderate i n festat ion of f ive 
2 

downy brome p l ants/ 3 0 em can cause a y i e l d  reduct ion of 
2 

1 0 - 1 5 % , ten p l ants/ 3 0 em can reduce y i e l ds 1 0 - 3 0 % , and 1 5 -
2 

1 0  p l ants/ 3 0 em can reduce y ields .o f the wheat up to 5 0 %  

( 3 3 ) . Fenster ( 1 4 )  reported that at North P l atte and 

Al l i ance NE , an i n festat ion of winter wheat w ith downy 
2 

brome a t  dens i t i e s  of onl y  one to two p l ants/ 3 0 em , 

reduced wheat y i e l d s  3 0 % . In Idaho , Mas see and H igg ins 

( 3 5 )  found wheat y i e l ds were reduced about four percent by 
2 

each downy brome p l ant per 3 0  em . 

In South Dakota most pre-p l ant h e rb i c ides for 

downy brome control i n  winter wheat have been e ither 

ine f fect ive i n  control l i ng down� brome or have caused 
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unacceptab l e  c rop i njury ( 6 6 ) . Rydrych ( 4 5 )  stated that 

downy b rome d i d  not severel y  depress w i nt e r  wheat y i e l d s  

except when a l lowed to compete a fter March . Theoret ica l l y 

th i s  wou l d  a l low four to f ive months a ft e r  p l a nt i ng winter 

wheat in wh i ch to apply chemica l s  w ithout su f fer ing y i e l d 

reduct ions due to downy brome compet i t ion . However , snow

cover , free z ing temperatures ,  or wet f ie l d  cond i t ions may 

be l im i t i ng factors for t im ings of app l icat ion . 

Compet i tion between downy brome and w inte r  wheat i s  gradual 

dur i ng the w i nter months and i s  greatest dur i ng j o i nt ing or 

early boot stage o f  wheat in the spr ing ( 1 8 ) . 

METRIBUZIN FOR CONTROL OF DOWNY BROME IN WINTER WHEAT 

The u s e  o f  metribu z in to contro l  downy brome i n  

winter wheat has p roduced errat ic resu l t s  i n  t h e  Northe rn 

Grea t  P l a i ns . Some o f  the winter wheat a rea has so i l s  with 

pH l eve l s  o f  7 . 0  or greater . At h igher pH l eve l s  l es s  

metribu z i n  i n  bound by the so i l  and i s  ava i l ab l e  for pl ant 

uptake . H igher l eve l s  of uptake can reusu l t  i n  crop 

inj ury . Much o f  the winter wheat area on the average 

rece ive s  5 6  em or l es s  prec ip itat ion a year . Ra in fa l l  i s  

needed to act ivate metribu z in ( 5 ,  6 1 ) ; metr ibu z i n  is qu ite 

sol ub l e  in water ( 9 8 0  ppm ) and needs prec ip itat ion to move 

into the root i ng zone . 

In Kansa s , Okl ahoma , and parts o f  the Pac i fic 

Northwe st , metribuz in i s  used for downy brome control 

in w inter wheat ( 5 , 4 4 ) . Stahlman ( 5 1 )  reported metribu zin 
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at 0 . 4 3 ,  0 . 5 6 ,  and 0 . 7 0 kgjha , app l i ed to w inter wheat at 

Hays , Kansa s , c aused 0 ,  3 5 , and 4 3 %  inj u ry but only 1 4 , 

2 1 ,  and 4 3 %  cont rol o f  the downy brome wa s a ch ieved . 

Rydrych ( 4 5 )  reported 9 9 %  and 1 0 0 %  control o f  downy brome 

in wheat when metribu z i n  was app l i ed at 0 . 2 8 and 0 . 3 0 

kgjha , howeve r  there wa s crop inj ury resul t ing i n  y i e l d  

reduct ion . 

I n  Kans a s , Okl ahoma , and Texas met r i bu z i n i s  

current ly l abe l ed for use only o n  dryl and w i nter wheat o n  

the cul t ivars 'Eag l e ' ,  'Tam W1 0 1' ,  'Newton ' ,  ' Tam 1 0 5' and 

i n· Okl ahoma and Texas on the cul t ivar ' Hawk' ( 5 ) . I n  

Western Montana metr ibuz i n  i s  l abe l ed for u s e  on ly o n  the 

winter wheat cu l t ivars 'Centurk' , ' Cheyenne ' ,  and ' W inalta' 

( 5 ) . There are s evera l re strict ions for the u s e  of 

met r ibu z i n  i n  areas where it· i s  l abe l ed for downy brome 

contro l  in w i nter wheat ( 5 ) . Metr ibu zin shou l d  not be 

app l i ed wh i l e  the crop i s  under stre s s  such as w inte r ki l l, 

frost damage , d i sease , drought , or exces s ive mo i sture , or 

when thes e  cond it ions fo l low the app l icat ion . ·When so i l s  

are h i gh i n  l ime o r  sodium , have a pH greater than. 7 . 7  or 

a re c a l c a reous , metribuz in shou ld not be used ( 5 7 ) . At 

l ea st 1 . 5  em o f  ra i n  i s  needed with i n  two to three weeks 

a fter app l i c at ion to move metribuz in i nto the weed root 

zone ( 5 ) . La ck o f  adequate mo i sture wi l l  r� s u l t  i n  poor 

control o f  downy brome . A post emergenc e  app l i cat ion can
· 

be made i n  the fa l l  or spr ing a fter the wheat p l ants are 



1 2  

t i l l e red a nd h ave deve loped secondary roots if inj ury to 

the w inter wheat i s  to be avo i ded . Many t imes i n  colder 

cl imates wheat p l ants do not reach the p rope r  growth stage 

for f a l l app l icat ion of metribuz in to be e f fect ive i n  

control l i ng downy brome but avo id unacceptab l e  i njury to 

the w inter wheat . The refore , metr ibu z i n  i s  not l ab e l ed for 

downy brome contro l  i n  winter wheat in much o f  the Northern 

Great P l a i n s . 

The maj or route o f  ab sorpt ion o f  met r ibu z i n  i s  

through the root system ( 5 ,  6 ,  6 1 ) . Fo l i a r  absorpt ion of 

metribu z i n  is m i n ima l unl es s  a sur factant is a l so used ( 6 )  . 

The u s e  o f  a sur fa ctant with metr ibuz i n  decre a s es the 

s e l ect iv ity of the compound ( 6 ) . Metribu z i n  i s  

trans located through the xyl em upwa rd , and accumu l ated 

primar i ly in the l eaves where inh ib i t ion o f  photosynthes is 

occurs . Downward movement i s  pract i ca l ly non- e x i stent ( 6, 

6 1 ) . An important factor in sel ect ivi ty i s  whether 

metribu z i n  is pres ent i n  the root zone and how read i l y  the 

materi a l  i s  absorbed by the roots and trans located to the 

xyl em . S e condary roots must be developed and whea t  fu l l y 

t i l l ered be fore met ribu z in i s  app l ied ( 6, 6 1 ) . Metribuz in 

shou l d  s e l ect ively control the sha l lowe r-rooted downy brome 

p l ant wh i l e  not adversely a f fect i ng the deeper- rooted winter 

wheat p l ant . Mos t  to l erant pl ants can detoxi fy metr ibuz in 

( 6 ) . Wheat has a l imited ab i l ity to detox i fy metr ibuz in 

app l i ed at low l eve l s  ( 4 4 ) . Light and temperature are 
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important factors o f  trans locat ion and detox i f i cat ion of 

metribu z i n  ( 6 ,  4 4, 6 1 ) . H i gh a ir temperatures increases 

transpirat ion by the p l ant and the need for mo i sture to be 

taken up by the p l ant root s . I f  the met r i bu z i n  i s  so lub l e  

in water mol ecul es w ith in the root zone a nd there i s  a 
0 

rap id i ncrease in temperatures above 2 7  C ,  c rop i nj ury can 

re su l t  from the app l ication of metr ibu zin to winte r  wheat 

( 5 )  • 

I n  a c i d  soi l s , free hydrogen ion s a re present and 

comb ine w i th metribu z i n  forming posit ive l y  charged 

part ic l es wh i ch a re adsorbed by so i l  co l lo ids . The lower 

the pH the more metribuz in is adsorbed to the soil . 

Because o f  met r ibu z ins h igh water so lub i l i ty (980 ppm ) and 

so i l  mob i l ity , as much as ha l f  the metribu z in app l ied to 

the so i l  can st i l l  be ava i l ab l e  in the so i l  solut ion for 

p l ant absorpt ion at a pH o f  4 . 6  ( 5 ,  6 ) . A s  the so i l  pH 

increase s ,  a nd the number of free hydrogen ions decrea s e , 

·l es s  met r ibu z i n  i s  adsorbed . Thus , there i s  more 

metribu z in in the soi l  solut ion ava i l able for uptake by the 

pl ant . Wheat inj ury , a s  a result o f  the p l ant uptake of 

metribu z i n , i s  great ly i n f luenced by env i ronmental and 

edaph i c  factors . Heavy ra infa l l  fo l low i ng app l i cat i on w i ll 

move metribu z i n  i nto the so i l  solut ion form ing a 

concentrated band . As the level of c l ay and organ i c  matter 

content of the so i l  increase the movement of metr ibu zin 

through the so i l  decreases . Metribu z i n  may be adsorbed to 

HILiG�J M C(;l3:3 u._·:�:.;; 
South Dt:J.:�ta !:�.:·J U:-::v::rviiy 
Brook ng�. �b 570J7-1033 



c l ay and orga n i c  matter thus decrea s ing i t' s  ava i l ab i l ity 

to the p l ant . 

COMPARISON OF BAY- SMY - 1 5 0 0  TO METRIBUZIN 

14 

Shaw , et a l . ( 4 9 )  found h igher concentrat ions of 

BAY-SMY - 1 5 0 0  than metribu z in were nece s s a ry to cause 

equ ival ent inj ury to the photosystem o f  wheat p l ants . The 

init i a l  d i ss ipat ion rate of BAY -SMY - 1 5 0 0  is more rap id than 

the degradat ion of metr ibuz in ( 4 9 ) . The so i l  act iv ity o f  

BAY-SMY - 1 5 0 0  woul d  l ikely b e  influenced more by the col loid 

adsorpt ion because the water solub i l ity of the ethy l th io 

ana log i s  3 . 5 t imes l e s s  than that of met r ibu z i n  ( 4 9 ) . 



Study II: To l e rance of W i nter Wheat Cul t iva rs to 

BAY - SMY - 1 5 0 0  and Metribu z i n  Comb i nat ions 

15 

Cul t ivars o f  severa l crops , tomato ( Lycopers i con 

escul entm Mi l l . )  ( 5 2 ) , potato ( So l anum tuberosum L� ) ( 1 9 ) , 

soybeans ( Glyc i ne max L . ) ( 2 1 , 3 0 , 5 0 ) , and whe at ( 4 4 , 4 8 )  

have been shown to d i f fer i n  the i r  respons e  to metr ibu z i n . 

Smith and W i l kerson ( 5 0 )  reported that soybean 

cul t iva r  var i at ion i n  metribu z in sens i t iv i ty wa s rel ated to 

d i f ferences i n  trans locat ion . The amount o f  root 

absorpt ion wa s not d i f ferent between cul t iva r s . Lea f l ets 

o f· tol erant compa red to sens it ive cul t ivars cont a i ned less 

metribu z i n  2 4 , 4 8 , and 72  hours a fter treatment . Sm ith and 

Wi l kerson ( 5 0 )  suggested a glucose conj ugate wa s formed i n  

the root s  o f  res i stant cul t ivars , wh ich l im i ted 

ava il ab i l ity o f  free metribu z in for translocat ion . 

Resul ts o f  these p rev ious studies ra i sed-the 

quest ion as to whether hard red winter wheat cul t ivars 

m ight d i f fe r  i n  the i r  reponse to BAY -SMY - 1 5 0 0  alone and in 

comb inat ion with metribuz in .  Winter surv ival o f  w i nter 

wheat cul t ivars i s  an important factor i n  cul t ivar 

se l ect ion i n  South Dakota . Some of the qua l it i e s  of winter 

wheat tha t  can be att ributed to winter h a rd i ne s s  a re 

prostrate fa l l  growth , RNA and protein synth e s i s  reduct ion 

as tempe ratures a re decreased , th in l eave s , del ayed 

breaking of winter dormancy , tal l pl ants , and l ater heading 

and matu r i ty . 
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Growth qua l it ie s  of metribu z in tol erant and non

tol erant cul t ivars o f  w inter wheat have not been 

estab l i shed ( 44 ,  48) . It has been shown by us i ng 

radio i sotopes o f  metribu z in that winter wheat absorbs about 

hal f a s  much metribu z i n  per gram o f  fresh we i ght a s  does 

downy brome ( 7) .  Dev l i n  et a l . ( 7) reported that 

d i f fe rent i a l  absorpt ion o f  metribu z i n  p l ay s  a n  important 

ro l e  in the d i f ferent tol erances of wheat a nd downy brome . 

The d i f ference in tol e rance o f  downy brome and winter wheat 

to so i l - app l ied metribu z i n was not due to d i f ferent i al 

rates o f  trans locat ion . Di f ferent i a l  spec i e s  to l eranc e.to 

metribu z i n  is a l so re l ated to the rate o f  detox i f ication of 

metribu z i n  w i th i n  the l eaves . 

Ret z inger and R ichard ( 4 1 )  noted that co l d  weather 

enhanced the phytotox i c ity of metribuz i n  to wheat . Both 

Runyan et a l . a nd S chroeder et al . ( 4 4 , . 4 8 ) found the l evel 

of cul t ivar response to metr ibu z i n  to be i n f l uenced by the 

amount o f  prec i p i tat ion fol low ing treatment . 

S chroeder et al . ( 4 8 )  found enhanced p�ytotox i city 

of metr i bu z i n  i n  pot cultures . Because the wheat root 

systems were con f ined in a pot culture , the metr ibu zin 

could not move out of the root zone nor coul d  the wheat 

roots explore untreated soil . Cul t ivar re sponse to 

metribu z i n  wa s much d i f ferent when eva luated i n  pot 

cultures than i n  f i e ld studies ( 4 8 ) . D i f f i cu l ty 

wis i nvo lved in attempt ing to extrapol ate results o f  pot 
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cul ture s tud i es to a f i e l d  s ituat ion when us i ng metr ibuz in 

( 4 8 )  . 

The obj ect ives o f  thi s  study were to eva luate the 

e ff ect of comb inat ions of BAY -SMY - 1 5 0 0  a nd metribu z i n , on 

f ive d i f ferent cul t ivars of winter wheat , 'Ro s e' , 'Tam 

1 0 5' ,  'Roughr ider' , 'S cout 6 6' ,  and 'Hawk' . Ros e  is one o f  

the most w inter hardy var i et i es of winter whe at grown i s  

South Dakota ( 5 5 ) . F luctuat ions in l ate w i ntner 

temperatures a re less l ike ly to inj ure Ros e  b ecause i t  i s  

s low t o  b r e a k  dormance ( 5 5 ) . It i s  med ium i n  height , has a 

med ium to l at e  maturity date , and its tol erance to 

metribu z i n  wa s not known . Tam 1 0 5  i s  known to be very 

tol erant to metr ibu z i n ( 4 4 ) , i s  short to med ium i n  he ight , 

has a early to med ium maturity date , and i s  rated as poor 

for winter h a rd iness cha racteristics ( 5 6 ) . The tol e rance 

of Roughrider to met r ibuz i n  was not known . It i s  a ta l l  

cul t ivar , ha s a med ium to l ate matur ity date , and i s  rated 

as excel l ent for winter hard ine ss character i st i cs ( 5 6 ) . 

S cout 6 6  i s  moderately tolerant to metr ibu z i n ,.medium 

he ight , early maturity , and i s  iated as f a i r  to popr fo� 

winter hard i ne s s  character i st ics . Hawk h a s  a moderate 

to l erance to metribuz in ( 4 4 ) , short he ight , early matur ity , 

and i s  rated f a i r  to poor for winter hard ine s s  

cha racterist i c s  ( 5 6 ) . Tol e rance o f  thes e  cu l t iv a rs o f  ha rd 

red winter whe at to BAY -SMY - 1 5 0 0  or BAY-SMY - 1 5 0 0  p lus 

metr ibu z i n  comb inat ions has not been prev i ous l y  documented . 
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MATERIALS AND METHODS FOR INTERACTION S TUDI E S  

E ight f ie l d  experiments were conducted i n  South 

Dakota dur i ng the 1 9 8 5 - 8 6 and 1 9 8 6 - 8 7  grow ing s e a sons . The 

des ign for each exper iment was a random i z ed comp l ete b lock 

w ith four rep l icat ions. Dosages of O, 0 . 5 5, 0. 8 4, 1. 1 2, and 

1. 4 0  kg a ij h a  o f  BAY -SMY - 1 5 0 0  and 0, 0 . 0 5, 0. 1 0, 0. 1 5, and 

0. 2 0  kg a ijha of metr ibuz in were comb i ned f actor i a l ly into 

2 5  treatments. Plots s i z e  was 3 by 9 m or 3 by 1 2. 2 m. 

The edaph i c  characteristics at each s ite are 

presented i n  Tab l e  1 .  Dates o f  herb i c ide app l i c a t ion, 

p lant i ng, growth stage, weed dens ity, and l ea f  number for 

both downy brome and wheat for the e ight exp e riments are 

pre sented i n  Tab l e  2 .  Two experiment s were i n i t i ated in 

the fa l l  of 1 9 8 5 , at Do l a nd and at H ighmore, S D. Three 

exper iments were i n i t i ated in the spr i ng of 1 9 8 6, at 

Dol and, H i ghmore and Rap id C ity, S D. F in a l l y, three 

exper iment s were i n i t i ated in the fa l l  of 1 9 8 6 , at Dol and ,  

Highmore, and Mart in, S D. The graph ica l locat ions of 

locat ion s ite� a re presented in F igure 1. 

T i l l age wa s not used for the three e xper im�nts at 

Dol and. S eedbed preparat ion for Rap id C i ty cons i sted o f  

one pa s s  w ith a tandem disk. Seedbed prep a r a t ion for other 

experiment s cons i sted o f  one pass with a ch ise l and two 

passes w i th a t andem di sk. 

The three exper iment s conducted at Dol and were all 

pl anted to Rose wi nter wheat us ing a no-t i l l age hoe - type 



Table 1 .  Soil characteristics of the various locations 

for downy brcme experiments. 

Location Soil Type S and Silt Clay O.M. pH 

19 

CEC 

----- (% ) ------ (meq/10 0 )  

1. Highmore clay loam 29 34 37 2 . 4 7.2 2 2 .7 
fall 1985 

2. Doland clay loam 34 34 32 3.8 6. 0 2 6.4 
f all 1985 

3. Rapid City clay 2 9  27 44 5.0 6. 3 26.5 
spring 1986 

4. Highmore clay loam 28 37 35 2.2 7.0 2 2 .1 
spring 1986 

5 .  Doland clay loam 32 34 3 0  3.8 6.1 26.2 
spring 1986 

6. Ma rt in loamy sand 83 8 9 1.3 6. 3 5.5 
fall 1987 

7. Highmore clay loam 2 9  34 37 2.4 7.2 22.5 
fall 1987 

8 .  Dol and clay loam 34 34 32 3.8 6.0 26.4 
fall 1987 



Table 2. Crop year, planting date. compound application date, downy bromc 

density, stage of growth, and whet her tillered or not on the day of 

application, winter wheat growth stage and whether tillered or not on the 

day of compound application. 

Location Pla.nting Applic ation Downy brome wheat 
------------------------ ________ .. ______ 

date date density stage tillered stage t1llered 
�------------------�------�-------------------------------�----------------

(plt:J/w2) (leaf no.)- (leaf no.) 

1. Hiahmore 9- 1 9-85 1 0-24-85 1 6-27 1-2 N 2 

2. Doland 9-27-8 5 10--31-85 60-100 2-3 N 1-2 

l. llap1d City 9-1 6-8 5 3-27-86 1 7-28 3-S y 3-4 

. 4. Hiahmore 9-1 9-85 4-12-8 6 9-34 3-4 y 3-4 

5. Doland 9-27-85 4-12-ti6 )100 2-4 y 2-4 

6. Hartin 1 0-4-86 10-27-86 25-30 2-3 N 3-5 

7. H ighmore 9-8-86 10-07-86 2 0-35 2-4 N 2-4 

8. Doland 8-29-86 9-27-86 50-73 1-3 N 2 

a 

b 

Plant data for downy brom� and winter wh�at taken on the day of 
application. 

All experiments at Doland �lte were no-tlll pl�nted in wh�at 
atuobl�, all other locations received til lage prior to planting. 

N 

N 

y 

y 

y 

N 

N 

N 

[.\J 
0 



21 

� ! 
.. 

I 'a • ., 
i c i 

I'll 
�· 0 

I 
Q 

1 • 

J 1 1 
' 

., I : I ; 

. .... 



2 2  

dr i l l to ma i nt a i n  standi ng stubb l e . Row spa c i ng of 2 3  em 

wa s u s ed . The Rap id C ity and Mart i n  experim�nts were 

pl anted to ' S iouxl and ' winter wheat u s i ng a hoe - type drill 

and 3 3  em row spac ing . The three exper iments at H ighmore 

were p l anted to Ros e  w i nter wheat in 1 9 8 5  and 1 9 8 6  us ing a 

pre s s  whe e l  dr i l l  with a row spac i ng o f  2 3  em . A s eed ing 

rate o f  approx imately 8 0  kgjha and a s eed i ng depth o f  

approximately 2 . 5  e m  were used a t  a l l  e ight s ites . 

Chem i c a l  app l icat ions for the exper iments
' 

i n i t i ated 

in the f al l  o f  1 9 8 5  and 1 9 8 6  were made p r ior to t il l er i ng 

o f  wheat a nd downy brome . Treatments for exper iments 

init i at ed in the spr i ng were made a fter whe at and downy 

brome p l ants had t i l l ered . The spec i f i c  dat e s  o f  

herb i c ide app l i ca t ion are presented in T ab l e  2 .  

Treatment s for the fa l l - i n it iat ed exp e r iment s were 

app l ied w i th a tra ctor mounted compressed a i r  sp rayer . 

Treatments we re app l ied to the spring- i n it i ated exper iments 

a fter snow me l t  and as soon as the so i l  sur face was dry . 

Spring app l i c at ions were made with a · compre s s eq a i r  one

whee l b i cycl e  sprayer . Both fa l l  and spr i ng app l icat ions 

were made with sprayers cal ibrated to app l y  1 8 7 L/ha at 2 7 6  

kPa ove r  a 3 m swath . C l imat ic condit ions at the t ime of 

app l i c at ion for each o f  the various locat ions a re presented 

in Tab l e  3 .  

Control o f  downy brome i n  winter wheat wa s 

evaluated by both v i sual rat ings { 0  = no control , 100 



Tab l e  l .  Cl i ma t i c f a c t o r� a t  t ime o f  e ppl i cat ion fo� the v a r i ous 

i n te rac t ion s tud i E s , f d l l 1 9 0 5 1  sp r l ny l J 8 6 , fa l l  1 9 8 6 . 

- - - --- -- - - - -------- ------· 

Fa. l l  1 � 3 5  S p r  i n'1 1 9 0 6  Fa l l  1 S S 6 
_ _ __ _ _  ... ... .,.. ._, <"'  ... � ... .... ... ... ... ...... .. , ... .. . . ..  ,! . .... ... .... _ - - - - - - - - - - - - - - - - - - -

Appl icat i on · Date 1 0/ 2 4  1 0/ J l.  

Cloud CQv e r  c l ea r  p t . ,; J.d 

P. e l. . Huxn ld i t y \ 4 0  t• 6 
0 

A i. r  'l'amp . , c 1 4  � 

W i nd Speed , k/hr 0 - 5  •) -· 6 

W i. nd Di r·ect i on N N 

so i l  No i s t u ra d ry m o  i �.n: 
at 5 em 

S o i l  Tcnlpt.: rat u re 10 6 . 6  
a t  5 em , c 

:>/ 2 i  4/ 1 2  4 / 1 2  

cl e a r c l P a r  c l a a r  

6 1  7 0  � )  

2 ") ) 2 

o - s  1 ·· 1 1 0 - 5  

s N N 

mc i s t  �o i s t  mo i s t  

� ·  ·') � 
.-! A.  • .!. 1 2 . 7  4 .. . :J  

l.0/ � 7 1 0/ 7  9/ 2 1  

c l ea r  cl e �r c l e a r  

4 1  5 2  6 0  

1 · 2 2  2 1  

0 - 5  0 - l l  6 - 1 1  

W·-NW S -S E  S - S E  

cl ry Tl�v .i . � t  zao i st 

7 . 2  1 5 . 5  J. 6 � 1  

1\:) 
VJ 
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compl ete contro l )  and counts o f  downy b rome p l ants . V i sua l 

eva luat i ons o f  downy brome control were t aken p r i o r  to the 

boot stage o f  w inter and approx imately three weeeks prior 

to crop harvest ( Tab l e  4) . 
2 

Downy brome cul msjm were counted a ft e r  pan i c l es 

had matured and changed c o l o r , but be fore wheat had matured 

and changed c o l or . S ix random , meter s quare c ounts were 

taken per p l ot throughout each exper iment . Means o f  downy 
2 

brome culmsjm were correl ated with v i su a l  eva luat i ons o f  

percent downy brome contro l . 

Crop i nj ury was eva luated by v i sua l rat i ngs ( 0  - no 

injury , 1 0 0  = comp l ete k i l l )  . T im i ngs o f  i njury 

eva luat i ons are the f i rst vi sua l eva l uat io n  date shown for 

each l ocat i on ( Tab l e  4 ) . 

Gra i n  y i e l d  was determined by harve s t i ng each p l ot 

with a sma l l  plot comb ine in July o f  each year . The area 

harve sted wa s 2 . 1  by 7. 9 m at the H ighmore s ites and 

Mart i n , and 2 . 1  by 1 1  m at the Do l and s it e s  and Rap id 

C ity . Dates 6f appl i ca t i on, v i sua l eva luat i ons, and 

harve sts a re pres ented in Tab l e  4 .  

Prot e i n  content o f  wheat was determ i ned us ing a 

Techn i c on 3 0 0  I n fra- ana lyzer cal ibrated us i ng federal gra in 

inspect i on standard equat i ons with b i a s  adjusted us ing 

micro - kj e l d a l s .  : For percent mo i s ture, prot e i n content data 

is presented on an as is ba s i s . 
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Table 4 .  Dates o f  co�pound application , pl anting , visual 

evaluations, and harvests. 

Planting Application Visual Harvest 
Location Dates Dates Eval uations Dates 

Fall 8 5  5/ 0 3 / 8 6  
Highmore 9/ 19/ 8 5  1 0/ 2 4/ 8 5  5/ 2 6/ 8 6 7/ 2 1/ 8 6  

7/ 1 0/ 8 6  
Fall 8 5  
Dol and 9/ 2 7/ 8 5  1 0/ 3 1/ 8 5  5/ 0 2 / 8 6  7 / 2 3 / 8 6  

5/ 2 6/ 8 6  

7/ 0 8 / 8 6  
Spr i ng 8 6  9/ 1 6/ 8 5  3 / 2 7/ 8 6  4 / 2 6/ 8 6  7 / 1 7/ 8 6  
Rapid City 6/ 0 5/ 8 6  

Spr ing 8 6  5/ 0 3 / 8 6  
Highmo re 9/ 1 9/ 8 5  4 / 1 2/ 8 6  5/ 2 6/ 8 6  7 / 2 1/ 8 6  

7/ 1 0/ 8 6  

Spr ing 8 6  
Dol and 9/ 2 7 / 8 5 4/ 1 2/ 8 6  5/ 0 2 / 8 6  7 / 2 3 / 8 6  
5/ 2 6/ 8 6 7/ 0 8/ 8 6  

Fal l  8 6  1 2 / 0 7 / 8 6  
Mart i n  1 0/ 0 4 / 8 6  1 0/ 2 7/ 8 6  4/ 2 2 / 8 7  7 / 0 8 / 8 7  

6/ 2 4 / 8 7  

Fal l  8 6  1 2/ 0 6/ 8 6  
Highmore 9/ 0 8/ 8 6  1 0/ 0 7/ 8 6  4 / 2 1 / 8 7  7/ 1 3 / 8 7 

6/ 2 5/ 8 7  

Fal l  8 6  1 2 / 0 6/ 8 6  
Dol and 8 / 2 9/ 8 6  9/ 2 7/ 8 6  4 / 2 0/ 8 7  7 / 1 5/ 8 7  

6/ 2 3 / 8 7  
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The data were subj ected t o  a . ) ana lys i s  o f  var i ance 

to determ ine the i nteract i on o f  BAY-SMY - 1 5 0 0  and 

metribu z i n , and b . ) to the Wa l l er-Dunc an K-rat i o  t -test 

with a K-ra t i o  = 1 0 0  ( P  = 0 . 0 5 ) , to determine d i f fe rences 

between means w i th i n  exper iments for y i e l ds , downy brome 
2 

culmsjm , v i su a l  eva luat i ons o f  downy brome c ontro l , and 

prote in c ontent of w i nter whe at . Data we re not po o l ed 

across years because o f  s ign i f icant year by t reatment 

interact i ons . 



Tol erance o f  Wheat Cu l t ivars to Comb inat i on s  o f  

BAY- SMY - 1 5 0 0  and Metr ibu z i n  

MATERIALS and METHODS 

2 7  

F ie l d  exper iments were used t o  eva luate cu l t ivar 

tol era nce s t o  comb i nat ions o f  BAY -SMY - 1 5 0 0  a nd metr ibu z in .  

Experiments were conducted dur ing the 1 9 8 5 - 8 6  and 1 9 8 6 - 8 7 

cropp ing s e a sons at Brookings , S D . S o i l  type wa s a 

Brookings S i l t  Loam . T i l l age prior to p l ant i ng cons i sted 

of us ing a tandem d i s c  and a f i e l d  cu l t ivator to prep are a 

seedbed . 

Whe a t  wa s seeded at 9 0  kgj ha with a doub l e  d i sk 

dri l l  with 2 3  em row spacing on S eptember 1 9 , 1 9 8 5  for 

wheat harvested i n  1 9 8 6 ( herea fter re ferred t o  a s  1 9 8 6 )  and 

S eptember 5 ,  1 9 8 6  for wheat harvested i n  1 9 8 7  ( he rea fter 

re ferred t o  as 1 9 8 7 ) . 

The exp e rimenta l  des ign wa s a random i z ed sp l it-p l ot 

. in strips w i th four rep l ications for both the 1 9 8 6  and the 

1 9 8 7  exp e r iment s . Ma in p l o�s were weed f ree a nd each 

cons i sted o f  one o f  the f ive cul t ivars o f  w i nter wheat 

( Ros e ,  Hawk , Tam 1 0 5 , S cout 6 6 , Hawk ) . Us ing a three by 

three facto r i a l  a rrangement herbic ide treatments were 

randomi z ed with in the subp l ots . Chemica l t re atment s were 

app l i ed to one-to -two l e a f  wheat on Octobe r  3 1 ,  1 9 8 5 , and 

to two-to -three l ea f  wheat on October 9 ,  1 9 8 6 . Dosages o f  

metr ibu z i n  a t  O ,  0 . 0 3 5 , and 0 . 0 7 kgjha , BAY - SMY- 1 5 0 0  at o ,  
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0 . 8 4 and 1 . 1 2 kgjha , and comb inat i ons o f  BAY- SMY - 1 5 0 0  plus 

metribu z i n  at 0 . 8 4 plus 0 . 0 3 5 , 1 . 1 2 plus 0 . 0 3 5 , 0 . 8 4 plus 

0 . 0 7 and 1 . 1 2 plus 0 . 0 7 kgjha were used . Al l chem i c a l s  

were app l i ed with a tractor mounted compre s s ed a i r  sprayer 

apply ing 1 8 7  ljha at 2 7 6  kPa over the p l ot width . C l imatic 

condid i tons a t  app l icat i on t imes for both years a re 

pres ented in Appendix Tab l e  3 8 . Prec ip itat i on and 

temperatu re cond i t i ons for the i 9 8 6  and 1 9 8 7  exp e riments 

are pre sented in Appendix Tab l e  A- 3 9 . 

S ubp l ot s i z e  wa s 3 by 5 . 5  m .  Weeds emerg ing in the 

' weed- free ' p l ots were removed by hand or by l ate spring 

appl icat i on o f  ' Brominal 3 + 3 ' wh ich cons i st s  o f  

( Bromoxyn i l ) 3 , 5 -dibromo - 4 -hydroxyben z on i tr i l e  p l us ( MCPA )  

[ ( 4 -ch l o ro - 2 -methylphenoxy ) acet i c  a c id ] . The amount 

app l ied for both years wa s 0 . 0 5 kgjha . 

P l ant h e 1 ght and culms per meter row me a sureme nts 

were t aken s even day s prior to harve st . P l ant he ight was 

determ ined for s i x ra ndom p l ants per subp l ot by mea sur ing 

the di stance �etween the s o i l  sur face and the upper t i p o f  

the h e a d  f o r  t h e  1 9 8 7  exper iment only . Count s o f  culms per 

meter row were randomly taken in s i x rows 1 m l ong per 

subp l ot f o r  each cu l t iva r . 

Gra i n  y i e l d  wa s determi ned
-

by harve s t i ng each 

subp l ot w i th a sma l l -p l ot comb ine on Ju l y  1 6 , 1 9 8 6  and the 

fol l owi ng year on Jul y  6· , 1 9 8 7 . 

Prote i n  content of wheat wa s determi ned us ing a 
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Tech i con 3 0 0 I n fra -ana l y z e r  cal ibrated us i ng f edera l gra in 

inspection standard equat ions with the b i a s  adj usted u s ing 

micro-kj e ld a l s ,  and protein for percent mo i sture p res ented 

on an as is b a s i s . 

Treatment di f ferences for pl ant he i ght a re 

expres sed a s  percent o f  the untre ated cont ro l  when the 

untreated control was 1 0 0 % . Data wa s sub j e cted to 

ana lyses of v a r i ance and the means were stat i st i c a l l y  

compared us i ng the Wa l l er-Duncan K-rat i o  T - t e st w ith a K

rat i o  of 1 0 0  ( P  = 0 . 0 5 ) . 



RESULTS AND D I S CUS S I ON 

Corre l at ions between downy brome cu lm count s and 

v i sua l eva l ua t i ons are pres ented in Tab l e  5 .  V i sua l 

30 

eva luat i ons were as e ffect ive at determ i n i ng percent weed 

control as manu a l  counts a nd requ i red only one f i fth the 

man-hours . 

Vi sua l Eva luati ons and Downy Brame Cu lm Count s 

An analys i s  o f  Var i ance for v i sua l eva luat i ons 

indi cated a s ign i f i cant ( 0 . 0 5 l eve l ) intera c t i o n  occurred 

between BAY -SMY - 1 5 0 0  and metribu z in for the three 

exper iments performed at H ighmore and the exper iment done 

at Ma rt i n  ( Tabl e  6 ) . Re sults o f  downy brome c ontro l data 

for the s e  l ocat i ons are v i sua l ly repre sented w ith the use 

of response surfaces . Me ans of v i sua l eva luat i ons for 

Highmore and Ma rt i n  exper iments are presented i n  append ix 

tables A- 9 through A- 1 2 . 

V i sual eva luat ions for the three exper iment s 

performed at Do l and and the experiment done at Rap id C i ty 

did not i nd i cate an interact ion between BAY -SMY- 1 5 0 0  and 

metribu z i n . For the se experiments , l eve l s  o f  BAY -SMY - 1 5 0 0  

were averaged over use rates o f  metribu z i n  a nd me ans 

stat i st i c a l l y compa red for each experiment ( Tab l e  7 ) . 

The mu l t i p l e  regress ion equat i on f i tted to the data 

of the f a l l  1 9 8 6  i n i t i ated , Mart in exper imerit acc o�nted 
2 

for 8 0 % o f  the var i at i on in downy brome c ontro l ( R  ) 



Tabl e s .  Correl at ion between counts of downy brome 
2 

· culms per m taken approximately thre e  weeks prior to 

harvest , and v i sual rat ings of percent downy brome 

contro l where DOBRl • v isual rat ings taken be fore 

j o int inq of wheat had began and DOBR2 • v i sua l  

ratings taken approximate ly three weeks prior t o  crop 

harvest . 

Loca t i on Appl icat i on Downy brome Corre l a t i on 
- - -- - -- - � - � -- .- - - - - --

date dens ity DOBR1 DOBR2 

2 
( pltsjm ) 

1 .  H ighmore 1 0 - 2 4 - 8 5  1 6 -27 - 0 . 7 2 - 0 . 8 6 

2 .  Dol and 1 0 - 3 1 - 8 5 6 0 - 1 0 0  - 0 . 8 7 - 0 . 7 1 

3 .  Rap id City . 3 - 2 7 - 8 6  i 7 - 2 8  - 0 . 6 9 .- 0 .  8 2  

4 .  Highmore 4 - 1 2 - 8 6  9 - 3 4  · - o . 7 5  - 0 . 8 0 

5 .  Dol and 4 - 1 2 -8 6  > 1 0 0  - 0 . 8 5 - 0 . 8 6  

6 .  Mart i n  1 0 - 2 7 - 8 6  2 5 -3 0 - 0 . 9 0 - 0 . 8 9 

7 .  Highmore 1 0 - 0 7 - 8 6  2 0- 3 5  - 0 . 6 6 - 0 . 6 7  

a .  Doland 9 - 2 7 - 8 6  5 0-73 - 0 . 9 1 � 0 . 9 4 

3 1  

� � - � � � - - - - - - - - - - - - - - - - - - - - � � - - - -- - - - - - - - - - - - - - - - - - - � - - - -

a 

b 

Al l exper iments at the Dol and · s it e  we re no-ti l l  
p l anted i nto wheat stubble , al l other l oc a t i ons 
rec i eved t i l l age p r i or to planting .  

Me ans o f  s i x meter s qu are counts per p l ot o f  d owny 
.brom e  culrns were used for the corre l a t i on ana l y s i s . 
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Tab l e _ 6 .  Ana lys is o f  variance results for visua l rat ings o f  

Metribuz in , SMY- 1500 , and combinat ions for the various 

locat i ons for 1 9 8 6  and 1 9 8 7 . 

VISUAL % CONTROL 

Time 
Locat i on Appl i ed Metr . x SMY - 1 5 0 0  Metr . SMY- 1 5 0 0  

l .  H igh:oore fall 1 9 8 5  * *  * *  * * 

2. Doland fall 1 9 8 5  N . S .  * *  * *  

3 .  Rap id C ity spring 1 9 � 6  N . S .  * * * *  

4 .  H i ghnore spring 1 9 8 6  * *  * *  * *  

s .  Doland spring 1 9 8 6 N . S .  * *  * *  

6. Martin fall 1 9 8 6  * *  * * * *  

7 .  H i ghnore fall 1 9 8 6  * *  * *  * * 

8 .  Doland fall 1 9 8 6  N . S .  * *  * *  

a 
Visual rat ing taken prior to boot stage for each 
exper ioent a t  each experimental s i t e . 

b 
A f ive by five factori a l  arrangement was use� at each 
locat i on which included SMY � 1 500 at the use ra tes of 0 . 00 ,  
0 . 5 4 . 0 . 8 4 ,  1 . 1 2 , and 1 . 4  kg aijha , and �et r i bu z i n at use 
rates o f  o . o o ,  0 . 5 2 ,  0 . 10 5 , 0 . 1 5 6 , and 0 . 2 1 kg aijha. 

c 
Where N . S .  - no s i gn i f i cant difference 

** = sign i f i cant difference at the 0 . 0 1 l ev e l  
* = signi fi cant difference a t  the 0 . 0 5 level 
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Tab l e  7 .  Percent control of doWny brome averaged ove r u s e  

rates of metribu z in i n  experiments where there was no s ign i f i cant 

interaction between metribuz in and SMY- 1 5 0 0  for visual rat ings . 

2 .  Dol and fa l l  1 9 8 3  

3 .  _Rapid -City spri ng 1 9 8 6 

5 . Dol and spring 19 8 6  

8 .  Dol and fal l 1 9 8 6  

a 

Vi sua l  ' Control 

SMY- 1 5 00 
averaged over u s e  rates of metribu z in 

kg a ijha 

o . o o 0 . 5 6 0 . 8 4 1 . 1 2 1 . 4 0 

2 7  a 5 7  b 6 9  c 7 3  c 7 8  c 
·-

4 1  a 6 5 b 7 0  b 8 0  c 8 3  c 

2 7  a 5 7  b 7 0  c 7 2  c 7 8  c 

2 1  a s o  b 7 2  c 8 0  cd 9 0  d 

Va lues w i th i n  a colunn fol l owed by the s a m e  l ette r a re n ot 

s i gni f i cantly d i f fe re�t at the 5 %  l eve l us i n g the Wa l l e r-Dun c a n  

K - ratio T-t e st . 
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( F igure 2 ) . As the do sage o f  BAY-SMY - 1 5 0 0  and metr ibu z in 

were i nc re a s ed , the l evel o f  downy brome control i ncreased 

in a synerg i st i c  respons e . Th i s  synerg ism was ev ident in 

the upward s l ope from both herb i c ide axes . When Co lbys 

method for i ntera ct i ons wa s used , ( Tab l e  8 )  the synerg i sm 

wa s a l s o  appa rent . The response surface p l otted from th is 

equat i on i l lu strates that BAY-SMY - 1 5 0 0  at 1 . 4  kgj ha gave 

8 1 % contro l o f  downy brome , wh i l e  the h ighe st rate o f  

metribu z i n  u sed ( 0 . 2 1 kgj ha ) gave on ly 4 1 % contro l . The 

synerg i st i c  interact i on of the comb i nat ion of BAY -SMY - 1 5 0 0  

plus metr ibu z i n a t  1 . 4  plus 0 � 2 1  kgj ha resul ted i n  9 7 %  

control o f  the downy brome . Means for a l l  2 5  treatment s 

are presented in Append i x  Tab l e  A- 1 4 . 

Downy brome v i sual control eva luat ions f o r  the 

Ma rt in exp e r iment a re further substant iated by the counts 
2 

of downy brome cu lmsjm for each tre atment ( Tab l e  9 ) . Al l 

chemical treatments resul ted in s i gn i f i cantly ( 0 . 0 5 l eve l ) 
2 

less downy brome culmsjm than the unt reated control . 

Plots wh ich rece ived 1 . 1 2 or 1 � 4  kgjha BAY -SMY - 1 5 0 0  i n  

comb i nat i on with metribuz in had s ign i f i cant l y  ( 0 . 0 5 l eve l ) 
2 

less cu lms;m than other treatments . Mean cul m  numbe rjm 

ranged from 3 4 1  in the untreated contro l to o n l y  1 w i th the 

comb inat i on o f  1 . 4  p l u s  0 . 2 1 kgjha BAY -SMY - 1 5 0 0  p l us 

metribu z i n . The�corre l at i on between culm counts and v i sua l 

evaluat i on s at Ma rt in were - . 9 0 and - . 8 9 ( Tab l e  5 ) . 

The mu l t ip l e  regress ion equat ion f i tted to the fal l 
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control , M • rate of me t r i bu z i n ,  and S • r a t e  o� ·SMY- 1 5 0 0 . 



Table a .  The type of interaction with various rates of SMY-1 5 00 

and metribuzin on visual control of downy bro.e for fall 1 9 8 6  

app l i ed treatm�ta i n  Martin , 198 7 .  

Treatment Extrapolated Expected Response 
• b 

3 6  

Herb i c ide Rate response res�onse d i f ference Interaction 

( k; a ijha ) ----- ------- C t ) - ---- ----------

Met r i buz in 
Metr ibuz i n  
Met r ibuz i n  
Metr ibuz i n  
Metribuz in 

SMY - 1 5 0 0  
S M¥ - 1 5 0 0  
SMY - 1 5 0 0  
S MY - 1 5 00 
SMY- 1 5 0 0  

0 . 0 0 
0 . 0 5 
0 . 1 0 5  
0 . 1 5 6  
0 . 2 1 

o . o o 
0 . 5 6 
0 . 8 4 
1 . 1 2 
1 . 4 0 

0 
12 
2 3  
3 4  
4 6  

0 
3 2  
4 8  
6 5  
8 1  

Metr . + S MY . O . C S + 0 . 5 6 4 3  
Metr . +  S MY . 0 . 0 5 + 0 . 8 4 59 
Metr . +  S MY . O . C 5 + 1 . 12 7 5  
Metr . + S MY . 0 . 0 5 + 1 . 4 0  9 0  

Metr . +  SMY .  
Metr . +  SMY . 
Metr . + S M Y . 
Metr . +  SM'i . 

Me tr . + SMY . 
Metr . +  SMY . 
Metr . +  S MY . 
Metr . +  SMY . 

Metr . +  SMY . 
Metr . +  SMY . 
Metr . + SMY . 
Metr . +  SMY . 

a 

0 . 1 0 + 
O . l :l + 
0 . 1 0 + 
0 . 1 0 + 

0 . 1 6 + 
0 . 1 6 + 
0 . 1 6 + 
0 . 1 6 + 

0 . 2 1 + 

0 . 2 1 + 
0 . 2 1  + 
0 . 2 1 + 

0 . 5 6 
0 . 8 4 
1 . 1 2 
1 . 4 0 

0 . 5 6 
0 . 8 4 
1 . 1 2 
1 . 4 0 

0 . 5 6 
0 . 8 4 
1 . 1 2 
1 . 4 0 

5 4  
6 9  
8 3  
9 6  

6 4  
7 7  
8 8  
9 8  

7 3  
8 4  
9 1  
9 7  

Extrapol ated from th e  response surface 
2 2 

C•6 4 . 4 9S+2 4 4 . 5.M- 5 4 3 . 1S M • R • 0 . 8 0 .  
b 

40 + 3 
5 4  + 5 
69 + 6 
8 3  + 7 

4 8  + 6 
6 0  + 9 
7 2  + 1 1 
8 5  + 1 1  

5 6  + a 
6 6  + 1 0  
7 7 + 1 1  
8 7  + 1 1  

6 3  + 1 0  
7 2  + 1 1  
8 1  + 1 0  
9 0  + 9 

equati on , 

S yn e rg i sm 
S yn e rg i sm 
S yn e rg i sm 
S yn e rg i sm 

S yn e rg i sm 
S yn e rg i sm 
S y n e rg i sm 
S yne rg i sm 

s yne rg i sm 
S yn e rg i sm 
S yn e rg i sm 
S yn e rg i sm 

S yn e rg i sm 
Syne rg i sm 
Syne rg i sm 
Syne rg i sm 

Expected re s po�e o f  herb icide combinations based on Colby ' s  
. ca l cul a t i on ( C ) . 



Tabl e · 9 • Means of downy brome culms per square meter for 

e ach use level o f  metribuz in ,  SMY- 15 0 0 , and comb i n a t i ons 
a .  b .  

for fal l 1 9 8 6  app l i ed treatments at Martin , S outh Dakot a . 

SMY- 1 5 0 0  
k g  a ijha 

Metr i buz i n 0 . 0 0 0 . 5 6 0 . 8 4 1 . 1 2 1 . 4  
kg a ijha 

-- - - - - - - -
0 . 0 0 3 4 1  a 2 � 7  b 2 1 9  b 7 8  d - h  4 3  

0 . 0 5 2 0 5  b 1 2 1 cd 8 8  c-g 7 4  d -h 3 7  

0 . 1 0 5  2 0 0  b 1 0 2  cde 5 6  e-j 4 7  e - j  2 2  

0 . 1 5 6  1 9 8  b 5 3  c - f  6 5  d - i  2 1  h i j  1 8  

0 . 2 1 1 2 9  c 2 4  h i j  2 7  g-j 8 i j  1 

a 
S ix meter s qu a r e  counts per p l ot were taken a pp r ox i ma t e l y  
three weeks p r i o r  to c rop h a rvest . 

b 
Me a n s  fol l owed by the same l ette r  a re not s i gn i f i c a nt l y  
d i f f erent a t  the 5 %  l eve l u s i ng the Wa l l er-Duncan t e s t . 

e - j  

f - j  

h i j  

h i j  

j 

3 7  



3 8  

1 9 8 6 i n i t i ated H ighmo re data accounted for 8 0 %  of the 

var i a t i on in downy brome control ( F i gure 3 ) . When BAY- SMY -

1 5 0 0  plus met r ibu z in dosages were increa sed , downy brome 

control i ncrea sed in a synergistic respons e .  Us i ng Colby ' s  

method to ana l y z e  the interact ion wa s a l s o  determined to be 

synerg i s t i c  ( Ta b l e  1 0 ) . BAY -SMY- 1 5 0 0  at 1 . 4  kgj ha 

re sulted i n  7 6 % downy brome control . Metribu z i n  at 0 . 2 1 

kgjha re sul ted in 4 3 %  downy brome control . The synerg i st i c 

interact ion o f  BAY- SMY - 1 5 0 0  plus metribu z in at 1 . 4  p l us 

0 . 2 1 kgjha resul ted in 9 1 % downy brome contro l . V i su a l  

evaluat ion means f o r  a l l  treatments o f  the fa l l  1 9 8 6  

init iated Highmore expe riment are pres ented i n  Append i x  
2 

Tab le A- 1 5 . Downy brome culm countsjm further 

substant i ate the v i sual eva luat ions for the fa l l  1 9 8 6  

Highmore exper iment ( Tab le 1 1 ) . Al l chemica l treatments 
2 

resul ted in s i gn i f icantly l ess downy brome cul msj m than 

the untreated cont rol . BAY -SMY - 1 5 0 0  at . dosages o f  1 . 1 2 ,  or 

1 . 4 kgjha in comb i nat i on with metribu z in resul ted in fewer 

downy brome cu lms ( 1 1 cu lmsjm ) , than the untre ated . cont rol 

( 1 15 culmsjm ) , any dos age of metribuz in used , o r  0 . 5 6 kgj ha 

BAY -SMY- 1 5 0 0  a l one or in combination wi th met r ibu z in at any. 

dosage l evel used . 

The mu l t ip l e  regression equat ion fi tted to spring 

19 8 6 H i ghmo re data accounted for 9 5 %  o f  the var iat ion in 

downy brome contro l ( F igure 4 ) . As do sage l eve l s  of BAY 

SMY- 1 5 0 0 p l u s  met ribu z i n combi nat ions increa s ed , downy 
I 

I 
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Figure 3 .  Interact i on o f  vari ous r a t e s  o �  m etribu z i n . and 

SMY- 1 5 0 0  on v i sual control of downy b rome for fal l  19 8 6  

appl i ed treatment s a t  H i ghmore , S outh Dakot a . I n  the 

e qua t i on C - perc ent contro l , M = ra t e  o f  m e t r i bu z i n , a nd 

S . - rate o f  SMY- 1 5 0 0 . 

3 9  
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Tab l e  1 0 . The type o r  interaction with various rates o r  SMY- 1 5 0 0  

and metr ibuz in on vi sual control or downy brome ror H iqhmore 1 9 8 7 . 

Treatment Extrapolated Expected Response 
- - - - - - � - � - - -------�� • b 
He rb i c ide Rate response response difference 

( kq ai/ha ) ------------ ( t ) -------- - - - - - - -

Met r ibu z in o . o o 0 

Metribuz in 0 . 0 5 1 1  

Metribu z i n  0 . 1 0 5  2 1  

Metribuz in 0 . 1 5 6  3 2  

Metribu z in 0 . 2 1 4 3  

S MY - 1 5 0 0  0 . 0 0 0 

S MY - 1 5 0 0  0 . 5 6 3 1  

S MY - 1 5 0 0  0 . 8 4 5 1  

S MY - 1 5 0 0  1 . 1 2 6 7  
S MY - 1 5 0 0  1 . 4 0 7 6  

Metr . +  SMY . o . o s + 0 . 5 6 4 2 3 9  
Metr . + SMY . 0 . 0 5 + 0 . 8 4 6 1 5 6  
Metr . +  SMY . 0 . 0 5 + 1 . 1 2 77 71 

Metr . + SMY . 0 . 05 + 1 . 4 0 8 5  7 9 

• Me tr . +  SMY . 0 . 1 0 + 0 . 5 6 5 2  4 6 
M e t r . + SMY . 0 . 1 0 + 0 . 8 4 7 0  6 1  

M e t r . + S MY . 0 . 1 0 + 1 . 1 2 8 5  7 4 

Me t r . + SMY . 0 . 1 0 + 1 . 4 0 9 0  8 1  

Me t r . +  SMY . 0 . 1 6 + 0 . 5 6 6 2  5 3 
Me t r . + SMY . 0 . 1 6 + 0 . 8 4 7 9  6 6  
Metr . +  SMY . 0 . 1 6 + 1 . 1 2 9 1  7 6  
Metr . +  SMY . 0 . 1 6 + 1 . 4 0  9 2  8 4  

Met r . +  SMY . 0 . 2 1 + 0 . 5 6  7 2  6 1  
Metr . +  SMY . 0 . 2 1 + 0 . 8 4 8 7  7 2  

Metr . +  SMY . 0 . 2 1 + 1 . 1 2 9 5 8 1  

Metr . +  SMY . 0 . 2 1 + 1 . 4 0 9 0  8 7  

a 
Extrapolated from the response surface equa tion , 

b 

2 3 2 

C• 6 6 . 8S+ 3 4 5 . 2M -8 0E M R • 0 . 8 0 . 

+ 3 
+ 5 
+ 6 
+ 6 

+ 6 
+ 9 
+ 1 0  
+ 9 

·+ 9 
+ 1 3  
+ 1 3 
+ 8 

+ 1 1  
+ 1 5 · 

+ 1 4  
+ 3 

Interact i on 

S yn e rg sm 
S yn e rg sm 
S yn e rg sm 
Synerg sm 

S ynerg i sm 
Syn e rg i sm 
S yn e rg i sm 
S yne rg i sm 

S yne rg i sm 
S y n e rg i sm 
S yn e rg i sm 
S y n e rg i sm 

S y n e rg i sm 
S y n e rg i sm 
S yn e rg i sm 
S yn e rg i sm 

Expected response of herb i c ide combinat ions based on Co lby ' s  
c a l cul ation ( 4 ) . 



Table 1 1 . Me ans o f  downy brome culms per square meter f o r  

e a ch u s e  l evel o f  metribuz in ,  SMY- l S OJ , and combinat ions 
a .  b .  

for 1 9 8 6  fal l appl ied treatments at Highmore , South Dakota . 

SMY-15 0 0  
k g  a ijha 

Metribu z in o . o o 0 . 5 6 o .  s .;  1 . 1 2 1 . ,4 
kg a ijha 

-- - -- - - - -- - -

a 

b 

o . :; o 1 1 5  a 6 5  be 5 0  bed 2 3 de 3 0  

0 . ::1 5 1 0 6  a 8 1  a b - 4 2  cde 1 4  e 2 2  

0 . 1. 0 5  3 8  cde 4 2  cde 2 7  de 1 3  e 9 

0 . 1 5 6  4 6  b-e 1 5  e 4 0  b - e  1 2  e 1 5 

0 .  2 1  3 5 cde 3 0  cde 2 0  de 1 3  e 1 1  

S i x mete r s qua r e  c ount s per p l ot were taken app ro x ima t e l y  
three weeks p r i o r  t o  crop h a rv e s t . 

Mea�s f o l l owed by the same l etter a re not s ign i f ic a nt l y  
d i f :ere nt a t  the 5 %  l evel u s ing the K � l l er - Dunc a n  t e s t . 

cde 

de 

e 

d - e  

e 

4 1  
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Figure 4 .  Intera ct i on o f  v a r i ous ra t e s  o f  me t r ibu z in and 

SMY- 1 5 0 0  on visual control o f  d owny brome for spring · l 9 8 6  · 

app l i ed treatments at Highmore , S outh Da kot a . I n  the 

equa tion c • percent control , ¥. • rate of met r i bu z in ,  an� 
S • rate o f  SMY- 1 5 00 . 
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brome control i nc reased i n  a synerg i st i c  re spon s e  ( Tabl e  

1 2 ) . BAY -SMY - 1 5 0 0  at 1 . 4  kgjha resul ted i n  6 4 %  downy brome 

control . Metr ibu z i n  at 0 . 2 1 kgjha resulted i n  2 8 %  downy 

brome contro l . The synerg i s t i c  interact ion o f  BAY-SMY- 1 5 0 0  

p lus metr ibu z in a t  1 . 4  plus 0 . 2 1 kgjha resulted i n  9 6 %  

downy brome c ontro l . V i sual eva luat i on means f o r  the 

spr ing 1 9 8 6  i n i t i ated Highmore experiment a re pres ented in 
2 

Append i x  Tab l e  A- 1 2 . Downy brome countsjm further 

substant i ate the v i sual eva luat i ons for the s p r i ng 1 9 8 6  

Highmore experiment ( Tab l e  1 3 ) . Al l chemica l treatments 
2 

resu lted i n  s i gn i f icantly fewer downy brome culmsjm than 
2 

the . untreated contro l . Means o f  downy brome culmsjm 

ranged from 57 i n  the untreated control to 1 w i th t reat-

ments o f  1 . 4  kgjha BAY -SMY - 1 5 0 0  plus 0 . 2 1 kgjha metr ibuz in . 

The exper iment i n i t i ate� in the fa l l  o f  1 9 8 5  at 

H ighmore a l s o  had a s ign i f i cant interact ion betwe en BAY -

SMY - 1 5 0 0  and met r ibu z in . The mu l t iple . regre s s i o n  equat ion 

f i tted to the data o f  the fa l l  1 9 8 5  Highmo re exp e r iment 

accounted for 9 1 % of the variat ion in downy brome .contro l . 

BAY -SMY- 1 5 0 0  at 1 . 4  kgjha resul ted in 8 1 % downy brome 

contro l . Met r ibu z i n  appl ied 0 . 2 1 kgjha resul ted in 3 3 %  

downy brome contro l . Using Colby ' s  method t o  ana l y z e the 

interact ion it was determined to be a synerg i s t i c  

interact ion ( Tab l e  1 4 ) . The comb inat ion o f  1 . 4  kgj ha BAY 

SMY - 1 5 0 0  and 0 . 2 1 kgjha metribuz in resu l ted i n  9 5 %  control 

of the downy brome . Means of v i sua l eva l uat ions . for each 



Tab l e  1.2 . �· type or interaction with various rates or S�!-

1. 5 0 0  and matr�z in on visual control of downy brome for sprinq 

app l i ed treatm�ts at Biqhmora , South Dakota . 

Treatment Extra�lated Expected Response 
� - - - - - - - � �------ � - - -

4 4  

Herb i c ide Rate resp�nsa response difference I nt e ract ion 

(l"..; aijha} ------------ ( t ) - - - - - ------- - - -

·metribu z in o . o o 0 
me tribu z in 0 . 05 6 
metribu z in 0 . 1. 0 5  1 2  
metribu z in 0 . 1 5 6  1 9  
metribu z in 0 . 2 1 2 3  

SMY - 1 5 0 0  0 . 0 0 � 
SMY - 1 5 0 0  0 . 56 4 2  
S MY - 1 5 0 0  0 . 8 4 4 S  

SMY - 1 5 0 0  1 . 1.2 49 
SMY - 1 5 0 0  1 . 4 0 53 

met r . + SMY . o .  03 + 0 . 5 6  4.; 42 + 2 
metr . +  SMY . O . C5 + 0 . 8 4 s; 54 + 4 
metr . +  SMY . 0 . 03 + 1 . 1.2 6.; 61 + 3 

metr . + SMY . o .  0 3  + 1 . 4 0 6.; 60 + 4 

metr . +  SMY . 0 . 1 J  + 0 . 5 6 5 J  ·4 6  + 4 

met r . +  SMY . O . l J  + 0 . 8 4 6 3  5 7 + 6 
metr . +  SMY . 0 . 1 J  + 1 . 12 7 1 6 4  + 7 
metr . +  SMY . 0 . 1 J + 1 . 4 0 7 0  6 3  + 7 

metr . +  SMY . 0 . 1 5 + 0 . 5 6 5 5  4 9  · + 7 
met r . +  SMY . 0 . 1 5 + 0 . 8 4 7 :l  6 0  + 9 
metr . +  SMY . 0 . 1 5 + 1 . 1 2 77 6 6  + 1 0  

metr . +  SMY . 0 . 1 5 + 1 . 4 0 7 6  6 5  + 1 1  

metr . +  SMY . 0 . 2 :. + 0 . 5 6 6 3  5 3 + 1 0  

metr . +  SMY . 0 . 2 : + 0 . 8 4 7 6  6 3 + 1 3  

metr . +  SMY . 0 . 2 : + 1 . 12 8 3  6 9  + 1 4  

metr . +  SMY . 0 . 2: + 1 . 4 0 82 68 + 1 4  

a 
Extrapo lated t=om the response surface equation , 

3 
C•8 1 . 1 9S+ l32 . 9�-2 2 . 7 3 S  

b 

S yn erg is m  
S yn e rg i sm 
S yn e rg i sm 
S yn e rg i sm 

S yn e rg i sm 
Syn e rg i sm 
S yn e rgi sm 
Synerg i sm 

Synergism 
Syn e r g i sm 
Syn e rg i sm 
S ynerg i sm 

S y·nerg i sm 
S yn e rg ism 
S yn e rg i sm 
S yn e rg ism 

Expected respo=se o f  herb i cide combinations based on Colby ' s  
calculati on (� ) .  



Table 1 3 . Means o f  d owny � rome culms per square met e r  for 

each use level o f  metribu: in , SMY- 1 5 0 0 ,  and comb inations for 
a .  b .  

spring 1 9 8 6  appl ied treatnents at Highmore , South Dakot a . 

SMY- 1 5 0 0  
kg a ijha 

Metribu z in 0 . 0 0 0 . 5 6 0 . 8 4 1 . 1 2 1 . 4  
kg a ijha 

- - -- - - - - - -
0 . 0 0 5 7  a 2 4  b - e  3 1  bed 10 e fg 1 2  

0 . 0 5 4 2  ab 17 c-g 7 e fg 7 e fg 2 

0 . 1 05 3 4  bed 2 4  b-e 9 e fg 2 g 2 

0 . 1 5 6  1 8 c-g 1 3 e fg 7 e fg 4 fg 6 

0 . 2 1 2 3  b- f 9 e fg 8 e fg 3 g 1 

a 
S ix meter square counts ;er p l ot were taken approximat e l y  
three weeks prior t o  ere; harvest . 

b 
Means fol lowed by the sa.Jte l ette·r are not s igni f icantly 
d i f ferent at the 5 %  l eve: us ing the Wa l l er-Duncan t e st . 

e fg 

g 

g 

e fg 

g 

4 5  
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..:a 
0 � 
e.. :z . 0 (J 

9 5'1  

6 3S 

J rl  

2 2 
C•9 3 . 0 8 S + l 6 9 . 2M-3 0 . 19S - 6 1 . 3 5 S M 

2 
R - 0 . 9 1 

Fiqure 5 .  Interact i on o f  v a r i ous =ates o f  metribu z in and 

SMY - 1 5 0 0  on visua l con t rol of downy b rome for fa l l  1 9 8 S  

app l i ed treatments at Hi ghmo re , S ou�h Dakota . In the equation 

C - percent contro l , M = ra te o f  me� r ibu z in ,  and S = rate o� 

SMY- 15 0 0 . 

4 6  
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Tab l e  1 4 . Th e  typ e  ot interaction with various rates ot SMY- 1 5 0 0  

and metribuz in e n  visual control ot downy broma tor tall 19 8 5  

app l ied treatm�t• a t  Highmore , South Dakota . 

Treatment Extrapolatecl Expect ad Response 
� - - � � - - - � - - � - - � - - -

Herb icide Rata response response d i f ference Interact i on 

( kc; a i/ha ) - -- -�------� ( t ) -�------------� 

metribu z in o . oo 0 

metr ibu z in 0 . 05 a 
metr ibuz in 0 . 1 0 5  1 6  
metribu z in 0 . 1 5 6  2 4  

metribu z in 0 . 2 1 3 2  

SMY - 1 5 0 0  o . oo 0 
SMY- 1 5 0 0  0 . 56 3 9  
SMY- 1 5 0 0  'J . 8 4 5 3  
SMY - 1 5 0 0  1 . 1 2 63 

SMY- 1 5 0 0  1 . 4 0 69 

metr . + SMY . 0 . 05 + 0 . 5 6 4 6  4 4  + 2 Syn e rg i sm 
metr . + SMY . o . o s + 0 . 8 4 5 9  5 7  + 3 Synerg i sm 
metr . +  SMY . o . o s + 1 . 12 68 66 + 2 S ynerg i sm 
me tr . + SMY . 0 . 0 5 + 1 . 4 0  7 3  7 2  + 1 Synerg i sm 

metr . +  SMY . O . l C + 0 . 5 6 5 3  4 9  + 5 Syne rg i sm 
me t r . +  SMY . O . l C + 0 . 8 4 6 6  6 0  + 5 Synerg i sm 
metr . +  SMY . O . l C + 1 . 1 2 7 3  6 9  + 4 S yn e rg i s m  
metr . +  SMY . O . l C + 1 . 4 0 7 6  7 4  + 2 Synerg i sm 

metr . +  SMY . 0 . 1 E + 0 . 5 6 6 1  5 4  + 7 . Syne rg i s m  
metr . + SMY . 0 . 1 E + 0 . 8 4 7 2  6 4  + 8 Syne rg i sm 
metr . +  SMY . 0 . 1 6 + 1 . 1 2 78 72 + 6 Syn e rg i s m  
metr . + SMY . 0 . 1 � + 1 . 4 0 8 0  7 7  + 3 S yn e rg i sm 

metr . +  SMY . 0 . 2 1  + 0 . 5 6 6 1  5 4  + 7 S ynerg i sm 
metr . +  SMY . 0 . 2 1  + 0 . 8 4 7 2  6 4  + 8 S yne rg ism 
metr . +  SMY . 0 . 2 1 + 1 . 1 2 7 8  7 2  + 6 Syne rg i sm 
metr . +  SMY . 0 . 2 1 + 1 . 4 0  8 0  7 7  + 3 S yne rg i sm 

a 
Extrapol ated t�m the response surface equation , 

C•9 3 . 0 8S+ 1 6 9 . 2X- 3 0 . 1 9S - 6 1 . 3 55 M, R • 0 . 9 1 .  

b 
Expected respo�• of herb icide combinations based on Colby ' s  
calcul a tion ( 4 ) . 
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treatment a re p re s ented in Append i x  Tab l e  A- 9 . Counts o f  
2 

downy brome culmsjm further substant iate the v i sua l 

eval ua t i ons and a re p res ented in Tab l e  1 5 . Al l chem i c a l  

treatments resul ted in s ign i f i cantly fewer downy brome 
2 

culmsjm than the untreated contro l . Means o f  culm 
2 

countsjm ranged from 7 1  in the untreated c ontrol to 5 
2 

cu lmsjm when 1 . 4  p lus 0 . 2 1 kgjha BAY- SMY - 1 5 0 0  p l u s  

metribu z in were app l ied .  

48 

Genera l ly , as the dosage of BAY -SMY - 1 5 0 0  i nc rea sed , 
2 

downy brome control increased and culm numbe r;m decrea sed . 

Metr ibuz in did not s a t i s factorily control ( 2 0 - 7 8 % )  downy 

brome in the winter wheat for any of the e ight l ocat i ons . 

BAY -SMY - 1 5 0 0  at 0 . 8 4 kgjha resulted i n  7 7 %  o r  l e s s  

contro l o f  downy brome for the e ight l ocat i on s . BAY -SMY -

1 5 0 0  a t  1 . 1 2 kgjha resul ted i n  58 , 6 3 , 6 4 , 7 1 , 8 0 , 8 7 , 8 7 , 

and 8 8 %  cont rol o f  downy brome with no s ign i f i cant crop 

inj ury for the e i ght l ocations . These . l eve l s  o f  control 

may be inadequate for he avy infestati ons of downy brome 

wh ich may produce over 4 5 0  kgjha of seed . S urv iva l o f  only 
2 

1 0 %  o f  th i s  se ed could result in over 4 0 0  p l ant s;m . BAY -

SMY - 1 5 0 0  and metr ibu z in app l ied in comb inat ion c ontro l l ed 

downy brome in exc e s s  o f  9 0 %  at a l l e i ght l ocat i ons .  

An ana ly s i s  o f  va riance for downy brome culm 
2 

count sjm a s  a f fected by comb inati ons o f  BAY -SMY - 1 5 0 0  a nd 

metribu z in i s  pres ented in Tab l e  1 6 . A s ign i f icant 

interact i on o ccured between BAY-SMY - 1 5 0 0  and met r i bu z in in 



Table 1 5 . Means o f  downy brome c�ms per square mete r  for 

each u s e  l evel o f  metribu z i n , S�£- 1 5 0 0 , and comb in a t i on s  
a .  b .  

for f a l l  1 9 8 5  appl ied t reatments at Highmore , S outh Dakot a . 

s�- 15 oo 
k ;  a ijha 

Y.etr ibu z in o . o o 0 . 5 6 0 . 8 4 1 . 1 2 1 . 4  
kg a ijha 

-- - - - - - - -

0 . 0 0 7 1  a 2 7  cde 2 0  d -g 1 7  e -h 1 4  

0 . 0 5 4 3  b 3 1  bed 2 4  ed 9 fgh 8 

0 . 1 0 5  3 1  bed 2 1  de f  8 fgh 6 gh 6 

0 . 1 5 6  3 6  be 2 1  de f 9 fgh 6 gh 4 

0 . 2 1 3 9  be 1 4  e -h 1 3  e - h  5 h 5 

a 
S ix meter square counts p e r  p l ot were taken approxima t e l y 
three weeks p r i o r  to c rop ha rves� . 

b 
Means f o l l owed by the s ame l ette= are not s i gn i f i cant l y 
d i f fe rent at the 5 %  l ev e l  us i ng �he Wa l l er - Duncan t e s t·. 

e -h 

fgh 

gh 

h 

h 
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Table 1 6 . Ana lys i s  o f  va riance results for stand ccant s  o f  

downy brome for Metribu z in ,  SMY- 1 5 0 0  and combinations f or 

the v a r i ous l ocat io�s for 19 8 6  and 1 9 8 7 . 

Downy Brome S ta nd Coun-ts 
- - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - -

Ti::le 
Locat i on ApJ:l i ed Metr . X SMY - l S O O  Metr . SMY- 1 5 0 0  
- - - - - - - - -

_ _  ... _ __ _ _  - - � - - - - - - - - - - - - - - - - - - - - - - - - - -

1 .  H i ghmo re fal l. 1 9 8 5  N . S .  * * * *  

2 .  Do l and fa l l  1 9 8 5  N . S .  * * *  

3 .  Rap id C i ty spring 1 9 8 6  * N . S .  N . S .  

4 .  H i ghmore spr ing 1 9 8 6  N . S .  N . S  * *  

5 .  Do l and spr ing 1 9 8 6  N . S .  * *  N . S .  

6 .  Ma rt i n f a l l  1 9 8 6  * * * *  * *  

7. H i ghmore f a l l  1 9 8 6  * * * *  * * 

8 .  Do l a nd f a l l 1 9 8 6  N . S .  * *  * * 

a 
S tand count s o f  do��y brome culmsjm2 were taken 
approx ima t e l y  three prior to harvest f o r  e ach e xp e rime n t  
at e a ch e xp e r irnenta: s i te . 

b 

c 

A f ive by f ive fact� r i a l  a rra ngement wa s used at e a =h 
l oc a t i on wh i ch i nc l �ded SMY - 1 5 0 0  at the u s e  rates cf 0 . 0 0 ,  
0 . 5 4 .  0 . 8 4 ,  1 . 1 2 ,  a�d 1 . 4  kg a i/ha , and metribu z in a t  u s e  
rates of o . o o ,  0 . 5 2 ,  0 . 1 0 5 , 0 . 1 5 6 , a n d  0 . 2 1 kg a ijha . 

Wh ere N . S .  = no s i =n i f i c ant d i f ference 
* * = s ign i f i cant di f fe rence at the 0 . 0 1 l eve l 
* = s igni f i c a nt d i ! ference at the 0 . 0 5 l eve l 



experiments i n i t i ated in the spr ing 1 9 8 6 a t  Rap i d  C i ty , 

fa l l  1 9 8 6  at Mart i n , and fal l  1 9 8 6  H ighmo re . Means o f  
2 

downy brome culmsjm for each o f  these exp e r iments a re 

presented i n  Tab l e  8 ,  1 0 , and Appendix Tab l e  A- 1 1 . 

Exper iments i n i t i ated in the fa l l  1 9 8 5  and s p r i ng 1 9 8 6  at 

H i ghmore , f a l l  1 9 8 5 , spri ng 1 9 8 6 , and fa l l  1 9 8 6  at Do l and 

5 1  

d id n o t  have a s ign i f i cant ( 0 . 0 5 l eve l ) i nt eract i on between 

BAY -SMY - 1 5 0 0  and metr ibu z in for downy brome culm counts . 

Leve l s  o f  BAY-SMY - 1 5 0 0  were averaged over rates o f  

metribu z i n  for exp e riments where there there were no 

intera ct i on for downy brome culm counts . Tre atment 

comp a r i s ons of culm counts for these experiments a re 

presented i n  Tab l e  1 7 . Al l p l ots wh ich rece ived BAY - SMY-

1 5 0 0  had s ign i f i c ant ly h i gher l eve l s  o f  downy b rome control 

than e ither the untreated contro l or p l ots wh i ch rece ived 

treatments o f  metribu z in a l one . 

Wheat Y i e l ds a s  A f fected by Comb i nati ons of BAY - SMY - 1 5 0 0  and 

Met ribu z in 

A s ign i f icant interact ion between BAY - SMY - 1 5 0 0  and 

metribu z i n  for y i e l d  of winter wheat occurred at the Mart in 

l ocat i on but d i d  not occur for the other s even l oc at i ons .  

Means o f  wheat y i e l d  data for Mart in are presented i n  Tab l e  

1 8 . Al l treated p l ots at Mart in had s ign i f i cant l y  h i gher 

y i e lds than the untreated contro l s . Best y i e l ds we re 

obta i ned in p l ot s  treated with h igher dosage c omb inat i ons 

of BAY -SMY - 1 5 0 0  p l us metribu z in . 



Tabl e  17 . 

metribuzin 

Downy brome culm means aver3qed over use rates o� 

in experiments where there vas no a iqni ticant 

interact!on between metribu z i n  and SKY-1�00 tor counts per square 

meter of downy brome culms . 

1 .  

2 .  

4 .  

5 .  

8 .  

Downy Erome CUlms/m2 

SMY- 1 5 0 0  

averaged over use rates ot metribu z in 
kq ai/ha 

0 . 0 0 0 . 5 E 0 . 8 4 1 . 1 2 

H iqhmc re tal l  1 9 8 5  6 8  a 4 7  � 3 7  e 2 1  d 

Do l an! tall 1 9 8 5  4 5  a 2 3  :!) 1 5  b e  9 c 

H i ghm = r• sprinq 1 9 8 6  3 4  a 1 6 � 1 0  be 7 be 

Do lan:: spr inq 1 9 8 6  2 1 9 a 13 6 ;, 9 5  be 9 3 be 

Dol an: t a l l  1 9 8 6  3 6 3  a 2 2 5 b 1 4 4  c 9 0  d 

a .  
Values wi th i n a row tol l owe� by the same l e tter 
a r e  not s igni f icantly di t�erL,t at the 5\ l ev e l . 

1 . 4 0 

1 5  d 

7 e 

4 e 

7 1  e 

2 5  d 

52 
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Tabl e  1 8 . Yield of winter wheat (M;/ha ) for each u s e  leve l o f  

metribu z in ,  SMY- 1 5 0 0 , and combinations for fa l l  1 9 8 6 app l i ed 
a 

treatments at Marti n ,  South Dakota . 

SMY- 1 5 0 0  
kq a ijha 

Me�ribuz in 0 . 00 0 . 5 6 0 . 8 4 1 . 1 2 1 . 4  
k; a i/ha 

--------- - - - --�-- ----- (Mg/ha ) - - - - - - - - - - - - - - - - � - -- �  

0 . 0 0 1 . 1 8 i 1 . 7 0 e -g 1 . 3 0 h i  1 . 7 7 e -g 2 . 1. 2 b - :  

0 . 0 5 1 . 4 8 fq 1 . 7 1 e -q 2 . 3 0 abc 2 . 0 9 b - f 2 .  1. 2  b - :  

0 . 1 0 5  1 . 3 2 h i  1 . 8 9 d-g 1 . 8 2 a - f 2 . 3 5 abc 2 . 7 1 ab : 

0 . 1 5 6  1 . 3 9 hig 1 . 9 4 d-g 2 . 1 9 a - f 2 . 6 7 abc 2 . 6 3 a� 

0 . 2 1. 1 . 7 1 e-g 2 . 7 8 a · 2 . 5 7 abc 2 . 3 6 abc 2 . 7 1 a 

a 
Y.aans w i th i n  columns and rows fo l l owed by the s ame l etter a re not 
s i gn i f i cantly d i f ferent at the 5 % l eve l us i ng Wa l l e r Dun c a n  test . 
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Leve l s  o f  BAY -SMY - 1 5 0 0  were averaged over rate s  o f  

metribu z i n  when n o  i nteract i on occurred between BAY - SMY-

1 5 0 0  and metribu z in for gra in y ie l d . Treatment c omp a r i sons 

for the s e  experiments are presented in Tab l e  1 9 . Y i e l ds 

increased s ign i f icantly ( 0 . 0 5 l eve l ) w ith incre a s ing 

dosages of herb i c ide comb inat i ons for s even of the e ight 

experiment s . 

Onl y  the spri ng app l i ed treatments at Do l a nd d id not 

resul t  in h i gher y i elds with increas ing dosage comb inations 

of BAY -SMY - 1 5 0 0  a nd metribuz in . Th i s  l ack o f  y i e l d  

response a t  Dol and wa s probab ly due to c rop i n j ury . The 

crop inj ury pos s ib l y  cou l d  be a resu l t  of a h a rd free z e  ( 
o 

5 C )  two days a fter app l icat ions were made , from stre s s  

caused b y  the chem i c a l  comb inati ons , or both o f  these 

factors . S ign i f icant crop inj ury was not obs e rved at any 

o f  the other s even l ocat i ons . 

Prote in Content o f  Wheat a s  Af fected by. Comb inations o f  

BAY -SMY - 1 5 0 0  and Metribu z in 

An ana l ys is o f  variance- for protein c ontent o f  

wheat i s  pres ented i n  Tab l e  2 0 . Experiments i n it i ated_ i n  

the fa l l  1 9 8 5  at H i ghmore , fa l l  19 8 6  at Ma rt i n , a n d  f a l l 

1 9 8 6  at H i ghmo re , had a s ign i f icant interact i on b etween 

BAY- SMY - 1 5 0 0  a nd metribu z i n . Where there wa s no 

s ign i f icant interact i on ( experiments i n i t i ated i n  the fa l l  

1 9 8 5  at Do l and , spr ing 1 9 8 6  at Rap id C i ty , H i ghmo re , 

Dol and , and fal l  1 9 8 6  at Do l and ) , l eve l s  o f  BAY �SMY - 1 5 0 0  



\1. ,._ ..I I  

Tabl e .  1 9 . .  Y ie l d o f  w i n te r  w hea t ( Hg / ha ) f o r  e x p e r i �e n t s  wh i c h  d i d  

n o t  have a s i gn i f i can t i n t e ra c t i on be tween SHY- 1 5 00 a nd me t r i bu z in 

when tes ted f o r  y i e l d . Use ra t e s  o f  SHY- 1 500 we re ave rage d  ove r  use 
a .  b .  

rates o f  me t r i buz i n .  

Expe r imen t  Plan t ing App l i ca t i on Downy b rome 

da te da te dens i ty 0 . 00 

( p l t s /m 2 )  

0 . 56 

SHY- 1 5 00 · 
kR al/ha 

0 . 84 

Hr, / hR 

1 . 1 2 1 . 4 0 

- - - - � - - - - - - - - - - - � � � � - - � - � � - � - � - - � � - - - - - - � � 

1 .  Hi ghmore 9- 1 9- 8 5  1 0-24-85 1 6- 2 7  2 . 1 1 a 2 . 30 a 

2 .  Doland 9- 2 7 -8 5  1 0- 3 1 - 8 5  60- 1 00 0 . 6 1  c 1 . 02 b 

3 .  Rap id Ci ty 9- 1 6-85 J- 2 7 -86 1 7 - 2 8 2 . 1 0 b 2 . 2 7 ab 

4 .  H ishmore 9- 1 9 - 8 5  4- 1 2- 8 6  9 - 34 2 . 6 1  a 2 . 4 8 ab 

5 .  Doland 9 - 2 7 -8 5  . 4- 1 2-86 > 1 00 0 . 7 6 a 0 . 7 3 a 

7 .  Highmore 9-08-86 1 0- 0 7-86 20- 35 1 . 2 5  c 1 . 2 8 be 

8 .  Doland 8- 29-8 6 9 - 2 7 -8 6  5 0- 7 3 0 . 9 8  c 1 . 2 8 b 

a 
Va l u e s  f o l l owe d by t he s a m e  l e t t e r s w i t h i n  rows a re n o t  
a i g n l f l ca� t l y  d i f f e ren t u s ing t h e  Wa l l e r-Duncan t e s t .  

b 

2 . 22 a 2 . 1 8 a 
1 . 06 b 1 . 07  b 

2 . 29 a 2 . 3 1 a 
2 . 4 4 ab 2 . 39 ab 
0 . 60 a 0 . 5 1 a 
1 . 3 1 abc 1 . 4 6  ab 
1 . 5 3 a b  1 . 5 5 a 

For e a c h  d e p e ndan t va r i a bl e  ( whea t y i e l d ) , t n d e p e n d an t va r i a b l e s  
( SMY-1 500 u � e  ra t e s ) ha v 1 n g a s i g n i f i ca n t  F va l u e a t  t he 0 . 05 l e ve l  
and n o  I n t e ra c t i on w� re a v e raged ove r l eve l s  o f  o t he r  i nd e pe ndan t 
vu r 1u b l � u  ( w� l r l � u � i aa u u �  c u L� u ) .  

2 . 24 a 
1 . 39 a 
2 . 36 a 
2 . 29 b 

0 . 4 7 a 
1 . 4 9  a 
1 . 7 2 a 

CJl 
CJl 
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Tabl e 2 0 .· Ana l ysis of variance resu lts f o r  wheat prote i n  

analys i s  o f  metribu z i n , SMY- 1 5 0 0  and combinations f o r  the 

various l ocati ons for 1 9 8 6  anc 1 9 8 7 . 

Prote in Ana l y s i s  for Winter Whe a t  
- - - -- - - - - - - - - � - - - � - - - - - - - - - - - - - - - -

Time 
Location App l i ed Metr . X SMY- 1 5 0 0  Metr . SMY- 1 5 0 0  
- - - - - - - - - - - - - - - - - - - - - � � - - - - - - - - - - - - - - - - - - - - - -

1 .  Hi ghmor e f a l l  1 9 8 5  * *  * *  * *  

2 .  Do l and f a l l  1 9 8 5  N . S  N . S . N . S .  

J .  Rap i d  City spr i ng 1 9 8 6  N . S .  N . S .  N . S .  

4 .  H i ghmore spr i ng 1 9 8 6  N . S .  N . S  N . S .  

5 .  Dol and sp r i ng 1 9 8 6  N . S .  N . S .  N .  S .  

6 .  M art i n  fa l l  1 9 8 6  * N . S .  N . S .  

7 .  H i ghmo re fa l l  1 9 8 6  * * * * * * 

8 .  Do l a nd fa l l  1 9 8 6  N . S .  * *  N . S .  

a 
A f i v e  by f ive f a cto r i a l  a rr�!gement wa s u s e d  a t  each 
l oc a t i on wh i ch include d SMY - : 5 0 0  at th e  u s e  rat e s  o f  o . o o ,  
0 . 5 4 .  0 . 8 4 ,  1 . 1 2 ,  and 1 . 4  kg a ijha , and metribu z in a t  u s e  
r a t e s  o f  0 . 0 0 ,  0 . 5 2 ,  0 . 1 0 5 ,  C . 1 5 6 , and 0 . 2 1  k g  a ij h a . 

b 
Whe re N . S .  = no s ign i f i c�!t di f f e renc e 

* *  = s i gn i f i c a nt ci f ference at the 0 . 0 1 l ev e l  
* = s i gn i f i c a nt ci f ference a t  the 0 . 0 5 l ev� l 

I 



were averaged ove r  rates o f  metr ibu z in and resu l t s  are 

presented i n  T ab l e  2 1 .  

The chem i c a l  treatments had l ittl e  e f f e ct on 

percent prot e i n  content o f  the winte r  wheat . Prot e i n  

content o f  wheat increased for onl y one exp e r iment a s  the 

l evel o f  downy brome control increased . The incre a s e  in 

wheat prote i n  content was p robab ly due to more ava i l ab l e  

n i t rogen to the wheat when downy brome wa s contro l l ed .  

Means o f  wheat prot e i n  content for the e ight exp e r iments 

a re presented in Append ix Tab l es A- 2 8  through A- 3 6 .  

Conc lus i ons for Downy Brame Control Stud i e s  

The se d a t a  ana l yses ind icate that acceptab l e  downy 

5 7  

brome contro l i n  winter wheat can cons i stent l y  be obta ined 

with comb inat i ons of BAY -SMY- 1 5 0 0  at 1 . 1 2 o r  1 . 4  kgjha p lus 

metribu z in a t  0 . 1 5 o r  0 . 2 1 kgjha . . 

I 
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T .. b l e  2 1 . Me a n s  o f  pcrcenL pt"ota :.n r.:ontrnt o f  wheat for expe riments wh 

� �d not have a s ig n i f i c a n t  int er� ct ion batwcen SMY- 1 5 0 0  and metrib�z in 

"'·�en subj ected t o  a n  a n a l y� i .�  of -;·:.x i a nce ,lf pro t e i n  content . 

E>�erime n t  App l ica t i on 

d a t e  

2 .  Do l 3 nd .1 0 - 3 1 - 8 5  

3 .  Rap i d  C l  ty 3 - 2 7 - 8 6  

4 .  H .!.g hmore 4 - 1 2 - 8 6  

5 .  Do l a nd 4 - 1 2 - 8 6  

8 .  Do l a n d  9 · .. 2 7 - 8 6  

DtVtlny 
Rrome 

dens i r.y 

{ p l ts/m2 ) 

6 0 �  .. 1 0 0  

1 7 · · 2 8  

9 -· J  4 

> l •J O  

5 0 - 7 3 

·-- -- ·- � 

0 . 0 0 

1 1 . 4  a 

1 2 . 9  a 

1 1 . 2  b 

1 2 . 9  ;·lb 

1 '� .  7 3 
- ---- -- - - - - -.. - ·� - - - - - ·  ·· -- -- · -- - - - --

a 

. , 

SMY - 1'5 0 0  
kg a ijha 

0 . 5 6 0 . 8 4 

1 2 . 4  a 1 2 . 3  a 

1 2 . 8  ab 1 2 . 7  ab 

1 1 . 3  ab 1 1 . 3  ab 

1 2 . 7  b 1 2 . 9  ab 

1 2 . 8  a b  1 3 . 1  he 

1 . 1 2 

1 2 . 5  a 

1 2 . 8 ! b  

1 1 . 4  ! b  

1 2 . 9  �b 

1 3 . 1  �c  

� � a n s  fo l l owed by t he � ame : c t � a cs w l th i n  e Kp e r ime nt a re n o t  
s : gn i f i c n � nt l y  d i f f� r e n t  a t  l ! 1� � \  l ev� l us i ng the Wa l l e r - Du nca n 
f - r a t i o T - t e s t . CJt 

00 



To l erance o f  Wheat Cul t ivars to Comb inat i on s  o f  

BAY - SMY - 1 5 0 0  and Metribuz i n  

RESULTS a n d  D I S CUS S IONS 

There wa s not a s ign i f icant yea r  by gra i n  y i e l d  

interact ion for the wheat cult ivars so gra i n  y ie ld data 

were comb i ned for 1 9 8 6  and 1 9 8 7 . There was a s i gn i f i cant 

ye ar by wheat p rote i n  content and year by wheat culm per 

meter row i nteract ion so data for 1 9 8 6 and 1 9 8 7  were not 

comb ined for thes e  observat ions . 

Gra i n  y i e lds are pres ented in Tab l e  2 2 . An 
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ana lys i s  o f  vari ance for yields ind icated n o  cul t ivar y i e l d  

b y  herb i c ide i ntera ct ions for Rose , Tam 1 0 5 , Roughr ider , or 

S c out 6 6 . Hawk d i d  have a cul t ivar yie l d  by herb ic ide 

i nteract i on , however ,  no treatment s resul ted in 

s ign i f i cant l y  l ower yi elds than the unt reated contro l . 

Y i e l d  means o f  other cul t ivars treated . with comb inat i ons 

of ' BAY -SMY - 1 5 0 0  p lu s  metribuz i n  were not s ign i f i cant ly 

d i f ferent from thos e  o f  untreated , treated w i th metribu z in 

( 0 . 0 3 5  or 0 . 0 7 kgjha ) or BAY -SMY - 1 5 0 0  ( 0 . 8 4 o r  1 . 1 2 kgjha ) 

treatments . 

Pl ant he ight means for each of the v a r i ou s  

treatme nt s f o r  the 1 9 8 7  exper iment are pre s e nted i n  Tab l e  

2 3 . A pl ant he ight b y  herb i c ide interact i on occurred only 

with the cu l t ivar S cout 6 6 . Pl ant he ight for S c out 6 6  wa s 

reduced by 0 . 0 7 kgjha metribu z i n ,  and comb i n a t i o n s  o f  BAY -
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Tabl e  �· Gra in y i e lds averaged over years , as a f fected by 
a 

var i ous rates and rate combinati ons o f  metribu z in and SMY- 1 5 0 0 . 

Unt rea t ed SMY 1 5 0 0  Met r i bu z i n  SMY- 1 5 0 0  + Met r i bu z i n  
- - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Control 0 . 8 4 1 . 1 2 0 . 0 3 5  0 . 07 0 . 8 4 0 . 8 4 1 . 1 2 1 . 1 2 
+0 . 0 3 5  + 0 . 0 7  + 0 . 0 3 5  + 0 . 07 

------------ --------------- ( kg/ha ) ---------------------�----

Rose 4 0 5 0  4 04 0  3 8 8 0  3 8 7 0  3 7 9 0  3 8 6 0  4 0 2 0  3 7 3 0  3 9 3 0  

Tam 1 0 5  2 7 4 0  2 7 8 0  2 6 9 0  2 6 1 0 2 7 2 0  2 7 3 0 2 6 3 0  2 7 5 0  2 8 0 0 

Rough rider 2 9 3 0  2 8 4 0  2 7 5 0 2 6 3 0  2 4 4 0  2 57 0  2 6 8 0  2 67 0  2 7 1 0 

Scout 6 6  3 9 0 0  3 9 7 0  3 8 7 0  4 0 4 0  3 8 5 0  3 9 2 0  3 8 2 0  4 02 0  3 7 7 0  

Hawk 3 4 5 0 3 67 !)  3 6 2 0  3 57 0  3 59 0  3 3 6 0  3 59 0  3 6 5 0  3 9 3 0 *  

a An a s t e r i s k  i nd i cates that the sprayed pl ots a re s ig n i f icantly 

different ftom the untreated plots of the same cul tivar a the 5% l eve l . 

m 
0 
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Table 23 . Pl ant he ight for each treatment in 1 9 8 7 . 

SMY 1 5 0 0  Met r i buz i n  SMY 1 5 0 0  + Mat r l bu z l n  
untreated 

control 0 . 8 4 1 . 12 0 . 0 3 5  0 . 07 0 . 8 4 0 . 8 4 1 . 1 2 · 1 . 1 2 
+ 0 . 0 3 5  + 0 . 07 + 0 . 3 5 + 0 . 07 

Plant 
He ight b 

(11)  - - - - - - - - - - - - - - - ( t of nontreated) ------------------

Roae 0 . 9 1 9 8  9 7  9 6 9 9  9 7  9 5  9 6  9 6 

Taa 1 0 5  0 . 7 7 9 9  9 5  9 7  9 5  96 9 5 9 6  9 6  

Roughr ider 0 . 9 5 1 0 2  1 0 0  9 8  1 0 3  9 9  9 9  1 0 2  1 0 1  

Scout 66 0 . 9 9 9 4  9 6  9 7  9 0 * 9 2 * 9 4  9 5  9 0* 

l lawk. 0 .  1 .1 l U �  l U J  l O :J  l O U l O U  � c.. !J!J  !JU  

a 
An aster isk ind icates that the sprayed p l ots are s ign i f icantl y  less 

than the un-treated p l ots of the same cul t ivar at the 5 t l evel . 
b 

Analysis was per formed on data be fore be ing converted to 

percentages of untreated control . 

m 
� 
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SMY - 1 5 0 0  p l u s  met r ibu z i n  at 0 . 8 5 plus 0 . 3 5 and 1 . 1 2 p lus 

0 . 0 7 kgjha . However y i e l ds o f  the cul t ivar S c out 66 were 

a f fected only at the h ighest dosage comb i nati o n  app l ied 

of BAY- SMY - 1 5 0 0  and metribu z in ( 1 . 1 2 p l us 0 . 0 7 kg a ij ha ) . 

Culm number per meter row for each o f  the chem i c a l  

treatments i s  presented i n  Tab l e  2 4 . There wa s not a 

s ign i f icant i nteract ion between BAY- SMY - 1 5 0 0  a nd met r ibu z i n 

for wheat culm count s , s o  count numbers for l ev e l s o f  BAY -

SMY - 1 5 0 0  were ave raged over counts for l eve l s o f  

metribu z i n . The cul t ivar Ro se had a s ign i f i cant increase 

i n  culms per met e r  row with the dosage of 1 . 1 2 kgjha BAY-

SMY - 1 5 0 0  when compared to other treatment s .  The increase 

i n  cu lm number for Rose may be the result of add i t iona l 

t i l l e r  produc t i o n  a fter chemical appl icat i on . The chemical 

may have had a s t imu l atory a f fect on ax i l l a ry bud 

deve lopment , thus increa s i ng t i l l e r  numbe r  and culm number 

per mete r row . The culm number o f  the _ cul t ivars Tam 1 0 5 , 

Roughr ider , S cout 6 6 , and Hawk were una f fected by 

app l icat ions of BAY -SMY - 1 5 0 0  plus metribu z i n  comb in a t i ons . 

Prot e i n  content for each cul t ivar and chem i c a l  

treatment s a re pre sented in Tab l e  2 5 . The prote i n  content 

of the cu l t ivars S cout 6 6 , Roughr ider , a nd Hawk we re not 

s ign i f i cant l y  a f fected by any o f  the chem i ca l treatments in 

1 9 8 6  or 1 9 8 7 . The prote i n  content o f  the cu l t iva r Tam 

1 0 5  in 1 9 8 7 , ( when averaged over use rates o f  met r ibu z in 



Table 2 4 .  Wheat culms per meter row for 19 8 6  and 

1 9 8 7  averaged over rates of metribuz in ( 0 ,  0 . 0 3 ,  
a 

0 . 07 kg aijha ) . 

Rose 1 9 8 6  

1 9 8 7  

Tam 1 0 5  1 9 8 6  

1 9 8 7  

Roughrider 1 9 8 6  

1 9 8 7  

Scout 6 6  1 9 8 6  

1 9 8 7  

Hawk 1 9 8 6  

1 9 8 7  

a 
Values w i th i n  a 

0 . 00 

6 7  b 

6 4  b 

6 0  a 

6 1  a 

6 5  a 

6 2  a 

5 6  a 

6 6  a 

6 1  a 

6 0  a 

BAY-SMY- 1 5 0 0  
kg aijha 

0 . 8 4 

7 1  ab 

67 a 

58 a 

6 2  a 

64 a 

6 3  a 

5 5  a 

6 4  a 

6 1  a 

6 1  a 

row fol l owed by the 

l etter are not s ign i f i cant ly d i fferent us ing 

Wa l l e r-Duncan t e s t . 

1 . 1 2 .  

7 2  a 

6 7  a 

5 6  a 

6 0  a 

6 0  a 

6 4  a 

6 0  a 

6 5  a 

5 9  a 

5 8  a 

s ame 

the 
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Tabl e  2 5 . Wheat protein percent for 1 9 8 6  and 19 8 7  

averaged ove r  rates of metribuz in ( 0 ,  0 . 0 3 ,  0 . 07 kg 

a ifha ) . 

BAY-SMY-1 5 0 0  
kq ai/ha 

0 . 0 0 0 . 8 4 1 . 1 2 

Ros e  1 9 8 6 1 3 . l _ a 13 . 0  b 1 3 . 0  b 

1 9 8 7  14 . 0  a 14 . 3  a 1 4 . 2  a 

Tal: 1 0 5  1 9 8 6  1 2 . 0  a 1 1 . 9  a 12 . 0  a 

1 9 8 7  1 3 . 1  b 13 . 2  b 1 3 . 5  a 

Ro:lghrider 1 9 8 6  1 2 . 1  a 12 . 3  a 12 . 2  a 

19 8 7  1 4 . 8  a 14 . 7  a 1 4 . 9  a 

S c o ut 6 6  19 8 6  1 2 . 0  a 1 1 . 9 a 1 2 . 0  a 

1 9 8 7  1 4 . 6  a 14 . 7  a 1 4 . 5  a 

1 9 8 6  1 1 . 4 a 1 1 . 3  a 1 � . 3  a 

1 9 8 7  1 4 . 4  a 1 4 . 4  a 1 4 . 5  a 

a 
Values w i th in a row fol l owed by the sam e  

l etters are not s ign i ficantly d i fferent at the 5 %  

l evel us ing the Wa l l er-Duncan test . 

64 
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0 ,  0 . 0 3 5 , and 0 . 0 7 ) , was s ign i f i cant ly increa s ed w ith 1 . 1 2 

kgjha BAY-SMY - 1 5 0 0 . 

The cu l t ivars eva luated ( Rose , Tam 1 0 5 , Roughrider , 

S cout 6 6 , and Hawk ) were a l l  qu ite tolerant t o  BAY -SMY- 1 5 0 0  

when app l i ed a l one a t  use rates o f  up t o  1 . 1 2 kgjha . When 

0 . 0 3 5  or 0 . 0 7 kgjha of metribu z i n wa s app l i ed i n  

comb inat ion w i th BAY -SMY - 1 5 0 0 , there wa s n o  subs tant i a l  

adverse a f fects f o r  wheat yield , wheat cu lms p e r  meter row , 

wheat p l ant he ight , o r  prot e in content o f  wheat p roduced . 

A c l ea r  re l at i onship between p l ant character i s t i c s  ( w inter 

hard i ne s s , p l ant he ight , culm number per met e r  row , or 

maturity dat e ) and wheat tol erance to comb inat i ons of BAY -

SMY - 1 5 0 0  plus met r ibu z in was not found . 
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SUMMARY AND RECOMMENDATIONS 

Al l cu l t ivars eva luat ed ( Rose , Hawk , T am 1 0 5 , S cout 

6 6 , and Roughride r )  exhib ited acceptabl e  t o l e rance 

to comb inat i ons of BAY- SMY - 1 5 0 0  and met r ibu z i n  a t  the 

h ighest l evel tested ( 1 . 1 2 plus 0 . 0 7 kgjha ) . Onl y  two 

years o f  tol erance data i s  ava i l ab l e  for the s e  cul t ivars . 

Add it i ona l stud i e s  shoul d  be per formed to eva luate these 

and other cu l t ivars a t  various l ocat i ons and under various 

env i ronmenta l  c ond i t ions . 

A synerg i st i c  interact ion bet�een BAY - SMY - 1 5 0 0  and 
-

metribu z in occurred at four o f  e i ght l ocat i ons resu l t ing in 

greater control of downy brome than expected from the 

c omb i ned e f fect o f  the two chemica l s  appl i ed s ep a rate ly . 

Comb i na t i ons o f  BAY -SMY - 1 5 0 0  plus metribu z i n  e f fect ive ly 

contro l l ed downy brorne resulting in s ign i f i cantly ( 0 . 0 5 

l evel ) h i gher y i e l ds ( 3 5 0 - 1 7 5 0  kgjha ) when c ompa r ed to the 

untreated contro l p l ot s  for seven of e�ght l oc at i ons .  

Acceptab l e  downy brome control in winter wheat can 

cons i s tent l y  be dbta ined in S outh Dakota with BAY �SMY - 1 5 0 0  

a t  1 . 1 2 - 1 . 4  kg a ijha p l us metribu z in a t  0 . 1 5 - 0 . 2 1 kg a ijha . 

E f fect ive downy brome contro l may not be obt a i ned w i thout 

adequate prec ip itat ion to move the chem i ca l s  into the root 

z one . The l a rger dos age comb i nat ion ( 1 . 4  kgjha BAY -SMY �  

1 5 0 0  p l u s  0 . 2 1 kgj ha metr ibuz i n )  may b e  needed f o r  control 

o f  heavy downy brome i n fe stat ions . 
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Tab l e  A- 1 .  Average temperature and precip itat i on for 
fall 1 9 8 5  appl i ed treatments at Highmore , 
S outh Dakota for two weeks prior and four 
weeks fol lowinq appl ication of c ompounds to 
wheat . 

Temperature 
High 
Low 
Avg . 

Prec ip .  

Time from appl icat ion date in days 

14 day prior 1-7 

----�----�------ ( 
2 2  
- 3  
10 

24 
-11 

9 

7-14 14-2 1 2 1- 2 8  

c ) ------------�------
1 7  

- 1 0  
5 

5 
- 1 0  

-4 

4 
- 3 
- a 

- - - - - - - - - - - - - - - - (mm ) - - - - - - - - - - - - - - - - - - - -

2 1 . 6  0 0 2 3 . 9  5 . 6  

a .  Appl ication date : October 2 4 , 1 9 8 5  

Tab l e  A-2 . Average temperature and prec ip itat i on for 
fa l l  1 9 8 5  apppl ied treatments a t  Dol a nd , 
S outh Dakota for two weeks pri ot·  and four 
weeks fol lowing appl icat i on of compounds . 

Temperature 
High 
Low 
Avg . 

Prec ip . 

Time from appl ication date in days 

1 4  day prior 1 -7 7 - 1 4 1 4 -2 1 2 1 - 2 8 

- -
-

- - -- - -- - --- ( c ) ------------- -----� 
2 3  1 5  3 1 - 8  
- 6  -4 -9 - 1 9  - 2 7  
1 1  6 -4 - 8  - 1 7 

- - - - -
- - - -

-
-

-
-

- - - ( mm ) -
-

- -
-

- - -
-

- - - - - -
- - -

0 . 5 0 . 3 6 . 4  1 6 . 2  3 . 6  

a .  Appl ication date : October 3 1 ,  1 9 8 5  

7 3  



Table A- 3 .  Ave rage temperature and prec ipitat i on for 
spring 1 9 8 6  appl ied treatments at Rap id 
City , South Dakota for two weeks prior and 
four weeks fol lowing appl ication o f  
compounds . 

Temperature 
High 
Low 
Avg . 

Prec ip . 

Time from appl ication date i n  days 

14 day prior 1-7 

-------------- ( c 
2 6  
- 7 

4 

2 7  
-4 
1 2  

7 - 14 1 4 - 2 1  2 1 - 2 8  

) ---------------- ---
2 0  
- 1 

6 

1 7  
-9 

2 

2 8  
1 
5 

---------------- (mm) ------------------
1 5 . 5  6 . 1  2 6 . 9  9 . 1 3 9 . 6  

a .  App l i cat i on date : March 2 7 , 19 8 6  

Tab l e  A- 4 .  Average temperature and prec ipita t i on for 
spr ing 1 9 8 6 appl ied t reatments at H ighmore , 
S outh Dakota f or two weeks pri o r  a dn four 
weeks f o l l owing appl icat i on o f  . compounds . 

Temperature 
High 
Low 
Avg . 

Prec ip . 

T ime from appl icat ion date in days 

14 day prior 1 - 7 7 - 1 4 1 4 -2 1  2 1 - 2 8  

---------- - ----- { c ) ---- --- - - --------- -
2 6  2 1  2 1  1 6  2 8  
- 2 -9 -2 - 1 1 

9 3 1 0  8 1 3  

---------------- {mm) --------------------
4 0 . 6 3 1 . 8  3 3 . 0  7 3 . 7  2 1 . 6  

a .  App l icat i on date : April 1 2 , 1 9 8 6 . 
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Table A-5 .  Average tempera ture and prec ipitat i on for 
sprinq 1 9 8 6  appl ied treatments at Do land , 
South Dakota for two weeks prior and four 
weeks fol l ow inq appl ication of compounds . 

Tempe rature 
High 
Low 
Avg .  

Prec ip . 

Time from appl icat i on date in days 

14 day prior 1-7 

-------------- ( 
2 3  

1 
10 

18 
-5 

4 

7-14 1 4 -2 1 2 1- 2 8 

c ) -------------�-----
2 3  
- 2  
1 0  

1 8  
1 
8 

2 6  
4 

1 2  

------------- -- --- (mm) ------- - - --- - - - ---
2 1 . 8  9 6 . 5  2 1 . 8  1 9 . 0  3 7 . 6  

a .  Appl icat i on da�e : Apri l 12 , 1 9 8 6 

Tab l e  A-6 . Average temperature and p rec ipitat ion f o r  
sprinq 1 9 8 6  app l i ed treatments at Do l and , 
S outh Dakota for two weeks prior and f our 
weeks fol l owinq appl i cat i on of c ompounds . 

Temperature 
H i gh 
Low 
Avg . 

Prec i p . 

Time from appl icat i on date in days 

14 day prior 1 -7 7 - 1 4  1 4 - 2 1 2 1 - 2 8 

- - - - - - - - - - � - - < c ) -----------�- -
2 5  2 3  1 8  1 0  2 0  
-7 - 3  - 1 9  -2 5 - 1 2  
1 0  8 - 2  - 6  4 

-------------- (mm ) -- - - - - - - -- - - - - --
4 . 3  0 7 . 6  3 . 6  1 . 5 

a .  Appl icat ion date : October 2 7 , 1 9 8 6 
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Tab l e  A-7 

Temperature 
High 
Low 
Avg 

prec ip .  

Ave rage temperature and precipitat ion for 
fal l  1 9 8 6  app l i ed treatments at Highmore , 
South Dakota for two weeks prior and four 
weeks fol l owing appl ication of _ compounds . 

Time from appl icat ion date in days 

1 4  day prior 1-7 

-------------�-- ( 
2 6  

4 
1 4  

2 4  
- 6 

7 

7 -14 14 -2 1 2 1- 2 8  

c ) ---�---------------
2 3  
- 5 
1 1  

2 4  
- 1 

9 

2 0  
- 9 

7 

- - - -- - - - - - - - - - - - (mm ) - - - - - -- - -- - - - -- - - - - -

1 6 . 5  6 . 4  0 2 . 5  2 . 5  

a .  Appl icat i on date : October 7 ,  1 9 8 6 .  

Table A-8 . Ave rage tempera ture and prec ip i ta t i o n  for 
f a l l 1 9 8 6  appl i ed treatments at Do l a nd , 
S outh Dakota for two weeks p r i o r  and four 
weeks fol l ow ing appl i cation of c ompounds . 

Temperature 
H i gh 
Low 
Avg . 

Prec ip . 

Time from app l i cat ion date i n  days 

14 day prior 1 - 7  7 - 1 4  1 4 - 2 1 . 2 1 - 2 8 

-------------- ( c ) -------- - ---------- . 
2 5  2 3  2 3  1 9  2 2  

4 1 -2 - 4  3 
1 3  1 3  5 4 1 2  

------------------ (mm) ---�------------�-
4 0 . 3  7 . 6  0 0 0 

a . Appl icat i on date : September 2 7 , 1 9 8 6  
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Tab l e  A- 9 . Means o f  v i sual rat ings o f  percent contro l o f  downy 

b rome where 1 0 0 %  = compl ete contro l and 0 %  = no control , for 

f a l l 1 9 8 5  app l i ed t reatments at H ighmore , S outh Dakota . 

SMY - 1 5 0 0  
k g  a ijha 

Metr ibu z in 0 . 0 0 0 . 5 6 0 . 8 4 1 . 1 2 1 . 4  
kg a ijha 

- - - -- -- - - - -

o . o o 0 k 5 5  i j  7 7  d-q 8 0  . b - f 8 3  a - f  

0 . 0 5 5 5  i j  7 5  fgh 7 8  C 7 f  8 1  a - f 8 4  a - f  

0 . 1 0 5  6 2  h i  6 5  gh i 8 6  a - f  9 2  ab 90 a-d 

0 . 1 5 6  5 5  i j  7 6  d-g 9 1  abc 92 ab 90 a-d 

0 . 2 1 4 4  i 7 9  b - f  8 3  a - f  9 4  a 9 3  a 

a 
Means f o l l owed by the same l et t e r  a re not s i gn i f i ca nt l y  
d i f f e re nt at the 5 %  l ev e l  us i ng the Wa l l e r - Duncan test . 

'l 
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Tab l e  A- 1 0 . Means o f  v i sual percent control rat ings of downy 

b rome where 1 0 0 %  • comp l ete contro l a nd 0 \  = n o  control for 
a 

f al l  1 9 8 5  app l i ed treatments at Do l and , South Dakota . 

SMY- 1 5 0 0  
kg a ijha 

Metr ibu z i n 0 . 0 0 0 . 5 6 0 . 8 4 1 . 1 2 
kg a ijha 

- - - - - - - - -

0 . 0 0 0 k 3 0  h i j  3 6  gh i 6 3  c - f 

0 . 0 5 4 k 3 5  g - j  7 1  a- f 7 7  a - d  
I 

0 . 1 0 5  1 6  i j k  5 3  fgh 65 b - e  7 7  a-d 

0 . 1 5 6  1 6  i j k  6 0  de f 5 7  e fg 7 0  a - f  

0 . 2 1 3 5 g - j 6 0  def 73 a - f  8 6  ab 

a 
Means f o l l owed by the same l e tte r  a re not s ig n i f i c a n t l y  
d i f ferent at t h e  5 %  level us i ng Wa l l e r - Duncan test . 

1 . 4  

7 5  a - f  

8 4  abc 

6 9  a - f  

9 1  a 

8 3  ab 

---1 
00 



Tab l e  A- 1 1 .  Means o f  v i sual percent control o f  downy 

b rome where 1 0 0 \  • complete contro l a nd 0 %  a n o  control . 

for spring 1 9 8 6  appl ied treatments a t  Rap id C ity , S outh 

Dakota . 

SMY - 1 5 0 0  
kg a ijha 

Metr ibu z in o . o o 0 . 5 6 0 . 8 4 1 . 1 2 1 . 4  
kg a ijha 

-- - -- - - - -

0 . 0 0 0 j 5 5  h i  5 3  h,i 6 4  f - i  7 2  c -g 

0 . 0 5 5 4  h i  6 1  g h i  7 0  d - g  77 b-f 84  a - d  

0 . 1 0 5 6 2  gh i 7 2  c -g 8 0  a - e  8 6  abc 90 ab 

0 . 1 5 6  5 4  h i  6 8  e - h  8 6  abc 8 8  ab 89 a b  

0 . 2 1  6 8  e - h  8 2  a-e 8 8  ab 92 ab 9 2  a 

a 
Me ans fol -l owed by the s ame l e tte r a re not s i g n i f i c a n t l  
d i f f e rent a t  the 5 %  l ev e l  u s i ng the Wa l l e r - Duncan t e s t . 

,, 
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\\J-� JJ 



. ' 

\iJ.\" :J 

Tab l e  A- 1 2 . Means of v i sual ra t i ng s  o f  p ercent control 

of downy brome whe re 1 0 0 \  = comp l ete control and 0 \  = no 

control , for a spr i ng 1 9 8 6  app l i ed treatments at 

H ighmore , South Dako.ta . 

SMY - 1 5.0 0 
kg a ijha 

Metribu z i n 0 . 0 0 0 . 5 6 0 . 8 4 1 . 1 2 1 . 4  
kg a ij ha 

- - - - - - - - -

0 . 0 0 0 . 0  h 64 fg 6 5  fg 88 a -d 9 1  abc 

0 . 0 5 7 0  d-g 77 c- f 8 8  a - d  8 4  a -d 9 3  abc 

0 . 1 0 5  5 5  g 6 6  e fg 9 1  abc 9 4 abc 9 5  ab 

0 . 1 5 6  5 5  b-f 6 6  e fg 9 2  abc 9 3  abc 9 5  ab 

0 . 2 1 7 8  c - f  9 3  abc 95 ab 98 a 9 8  a 
- -

a 
M e a n s. f o l l owed by the same l et t e r  a re not s ign i f icant l y  
d i f ferent a t  the 5 \  l evel us i ng Wa l l er- Duncan t e s t . 

00 
0 
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Tab l e  A- 1 3 . Mea n s  o f  v i sua l rat i ngs o f  percent control 

o f  downy brome where 1 0 0 % - comp l ete cont ro l and 0% = · no 

control , for s p r i ng 1 9 8 6  appl i ed t reatments at Do l a nd , 
a 

S outh Dakot a . 

SMY- 1 5 0 0  
kg a ijha 

Met r i bu z i n  0 . 0 0 0 . 5 6 0 . 8 4 1 . 1 2 1 . 4  
kg a ijha 

- - - - - - - - -
o . o o 0 h 5 1  g ; 5 9  d -g 8 7  abc 78 a - f  

0 . 0 5 . 1 8  h 6 5  c -g 6 5  c-g 80 a - f  8 2  a -d 

0 . 1 0 5  2 0  h 5 5  fg 68 b-d 85 abc 93 ab 

0 . 1 5 6  2 2  h 6 4  c-g 6 2  c-g 8 1  a -d 8 7  abc 

0 . 2 1 2 0  h 5 6  e f g  8 3  a - d  9 2  ab 9 5  a 

a 
M e a n s  f o l l owed by the same l et t e r  are not s ig n i f i cant l y  
d i f ferent a t  the 5 %  l eve l us i ng the Wa l ler-Duncan test . 

00 
� 
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Tab l e  A- 1 4 . Mea n s  o f  v i sua l ra t i ngs o f  percent control 

o f  downy brome whe re 1 0 0 \  = comp l ete contro l a nd O %  = no 

contro l , for spr i ng 1 9 8 6  a pp l i ed treatments at M a rt i n , 
a 

S outh Dakota . 

SMY - 1 5 0 0  
kg a ijha 

Me t r i bu z i n  0 . 0 0 0 . 5 6 0 . 8 4 1 . 1 2 
kg a ijha 

- - - - - - - - -
0 . 0 0 0 j 2 8  i 2 4  i 7 1  d-g 

0 . 0 5 2 4  i 5 0  h 6 7  e fg 7 2  bed 

0 . 1 0 5  3 6  h i  6 5  fg 80 cde 84 abc 

0 . 1 5 6  2 6  i 6 5  fg 7 9  c - f  8 9  abc 

0 . 2 1 6 8  e fg 9 1  a bc 8 7  abc 9 5  ab 

a 

1 . 4  

8 0  cde 

84 bed 

8 9  abc 

9 1  abc 

99 a 

Mean� fo l l owed by the s ame l et t e r  a re not s ign i f i cant l y  
d i f ferent a t  t h e  5 \  l ev e l  u s i n g  t h e  Wa l l e r - Duncan test . 

00 
� 
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Tab l e  A- 1 5 . Me a ns o f  v i sua l rat i ng s  o f  p ercent contr o l  

o f  downy b r ome whe re 1 0 0 %  = comp l et e  con t r o l  a nd 0 %  = n o  

contro l , f o r  f a l l  1 9 8 6  app l i ed t reatmen t s  a t  H ighmore , 
a 

S outh Dakota . 

SMY - 1 5 0 0  
kg a i/ h a  

Metr ibu z i n 0 . 0 0 0 . 5 6 0 . 8 4 1 . 1 2 1 . 4  
kg a ij ha 

- - - - - - - - -
0 . 0 0 0 k ' 4 8  i j  7 3  d - f 8 8  abc 87 abc 

0 . 0 5 3 6  j 5 6  gh i 7 6  cde 90 ab 9 1  ab 

0 . 1 0 5  5 0  h i  6 1  fgh 7 5  cde 9 1  ab 92 ab 

0 . 1 5 6  5 6  g h i  6 5  e fg 7 6  cde 9 1  a b  91 ab 

0 . 2 1 6 4  e fg 6 9  d -g 8 1  bed 94 a 9 3  a 

a 
Me a n s  f o l l owed by the s ame l et t e r  a re not s ign i f icant l y  
d if ference a t  the 5 %  l e v e l u s i ng t h e  Wa l l e r� Du n c a n  t e s t . 

00 
UJ 
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Tab l e  A - 1 6 .  Mea n s  o f  v i su a l rat i ng s o f  percent cont ro l o f  

downy brorne where 1 0 0 %  � compl ete control and 0 %  = no 

c o n t ro l , f o r  spr i ng 1 9 8 6  a pp l ied t reatments at  Do l and , 

South Dakota . 

SMY - 1 5 0 0  
kg a ijha 

Met r i bu z i n  0 . 0 0 0 . 5 6 0 . 8 4 1 . 1 2 1 . 4  
kg a ijha 

_ _ _ _ _ __ _ _  .... 

0 . 0 0 o n 2 5  lrn 4 8  h-k 58 f - i  8 1  a-e 

0 . 0 5 1 5  rnn 4 4  i j k 6 41 e -h 7 7  b-e 8 7  a-d 

0 . 1 0 5  2 1  l m  5 7  f - j  7 3  c - f  8 3  a-d 8 8  a-d 

0 . 1 5 6  3 2  klrn 5 4  g-j 8 4  a-d 9 0  abc 95 a 

0 . 2 1 3 9  j k l 7 0  d-g 90 abc 9 1  abc 9 3  ab 

a 
Me a n s  f o l l owed by t h e  s a m e  l et t e r  a re not s i g n i f i c a n t l y  
d i f fe rent a t  t h e  5 %  l eve l u s i ng t h e  Wa l l er-Duncan test . 

co 
� 
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Ta b l e  A - 1 7 . Me a n s  o f  d owny h r�:.r, .� c:u:i.rns p .. � r  squ are me t e r  

for e a c h  u s e  l eve l o f  m e t: r i  t�' t 7.  i n ,  SMY - 1 5 0 0 , a nd 

comb i na t i on s  f o r  f a l l  1 9 8 !1  a pp .l 1 t?.d t re.� l: me nt s  a t  Do l a nd , 
a .  b .  

South Da kot a . 

- ---· - - - - · ··  .. -- - - -·--- - - -

St-1\.' - 1 5 0 0  
k(J a i /ha 
- - -- ---

Me t r ibu z i n 0 . 0 0 0 . 5 6 O . H 4 1 . 1 2 1 . 4  
kg a ij h a  

_ ____ _.. _ 

- -- - ... - -- .... - -

0 . 0 0 2 5 7 a 2 1 )  ab 1 2 4  bed 9 5  d 1 0 3  de 

0 . 0 5 2 4 0  a 1 1 2 d e  9 9  d 9 2  d 6 4  d 

0 . 1 0 5  2 1 B  ab 1 0 1  d 8 6  d 1 0 5  de 6 6  d 

0 . 1 5 6  2 1 3  ab 1 3 5  bed 68 d 7 8  d 6 5  d 

0 . 2 1 1 9 5  abc 1 3 '/ h�d 9 0  d 4 9  d 5 4  d 

- -----------·------- -------....,.- - · - - - - · - - - - -- ---·- - - · - - - -- --· -

a 

b 

S i x mete r squ a re c o u n t s  per p l o t  we re take n approx imate l y  
three wee k s  pr i or t o  c rop ha rv 8 � t . 

Me a n s  f o l l owed by t h e  s a m e  l et t e r  a � e not s i g n i f i cant l y  
d i f f e r  e n  t o t t h r� 5 %  1 e v e  1 u s  j_ rt g t h c \•l::d l c r - Du nc a n  t e s t  • 

00 
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Tabl e  A - 1 8 . Mea ns o f  downy brome c u l ms per squ a re meter 

f o r  e ach u s e  l ev e l of met r i bu z i n , SMY - 1 5 0 0 , a nd 

comb i n a t ions f o r  spr i ng 1 9 8 6  a pp l i e d  t reatments a t  D o l a n d , 
a .  b .  

S outh Dakota . 

SMY - 1 5 0 0  
k g  a ijha 

Met r i bu z i n  0 . 0 0 0 . 5 6 0 . 8 4 1 . 1 2 1 . 4  
kg a ijha 

- - - - - - - - -
o . o o 2 5 2 a 2 0 6 ab 1 1 2  c - f  1 0 0  e - f  1 1 3  c- f 

0 . 0 5 2 5 0 a 1 2 3  b - f 1 0 0  e f  9 9  f 6 3  f 

0 . 1 0 5  2 1 8 ab · 1 0 1  e f  8 6  f 1 0 5  e f  6 6  f 

0 . 1 5 6  2 0 4  a -d 1 2 8  b - f 1 1 8  f 6 4  f 7 1  f 

0 . 2 1 1 9 1 a -d 1 1 7  c - f 1 1 2  c - f 4 8  f 6 3  f 

.. 

a 
S i x me t e r  s qu a re c o u n t s  pe r p l o t w e r e  t a ke n  approx i m a t e l y  
three weeks . p r i or t o  c rop harvest . 

b 
M e a n s  f o l l owed by t h e  s a me l e t t e r  a r e  not s i g n i f i cant !� 
d i f f e re nt a t  the 5% l ev e l us i ng t he Wa l l e r - Dunc a n  t e s t . 

co 
(j) 
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Tab l e A- 1 9  • Mea n s  o f  d owny b rome cu l ms per s qu a re met e r  

for each use l eve l o f  met r ibu z i n , SMY - 1 5 0 0 , and 

comb inat i ons for fal l  1 9 8 6  app l i ed t reatments a t  Dol and ,  
a .  b .  

South Dakota . 

SMY- 1 5 0 0  
kg a ijha 

Met r i bu z i n  0 . 0 0 0 . 5 6 0 . 8 4 1 . 1 2 1 . 4  
kg a ijha 

- - - - - - - - -

o . o o 4 7 7  a 3 2 4  be 3 0 0  ed 2 0 0  e f  1 1 2  g-k 

0 . 0 5 3 5 2 be 2 3 8  de 1 8 2  e -h 9 4  h-1 30 kl 

0 . 1 0 5  3 8 9  b 2 4 7  de 1 3 9  g-j 7 8  i-1 5 7  j k1 
0 . 1 5 6  2 9 7  cd 1 8 7  e-1  6 4  j kl 6 0  j kl 1 6  1 
0 . 2 1 3 0 3 bed 1 6 0  e - i  5 7  j kl 3 2  kl 2 8  kl 

a 
S ix met e r  squ a re counts pe r p l ot w e re t aken approxima t e l y  
three weeks p r i o r  t o  c rop harvest . 

b 
Mea ns . f o l l owed by the s ame l et t e r  a re not s ig n i f i c a nt l y  
d i f fe rent a t  t h e  5 %  l eve l u s i ng the Wa l l e r - Duncan test . 

co 
.....J 
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Tab le A- 2 0 .  Means o f  downy brome cu lms per square meter for 

each use l eve l of metr ibuz i n , SMY- 1 5 0 0 , and comb i nat ions  

for  sp r ing 198 6 app l ied t reatments at Rap id City , South 
a .  b .  

Dakota . 

SMY - 1 5 0 0  
kg a i/ha 

Metribu z in o . o o 0 . 5 6 0 . 8 4 1 . 1 2 1 . 4  
kg a ijha 

- ---- - - - -
o . o o 7 3  a 5 2  ab 54 ab 58 ab 3 0  abc 

0 . 0 5 52  ab 4 3  ab 39 'abc 3 0  abc 14 be 

0 . 105  7 0  a 3 0  abc 3 7  abc 8 c 1 0  c 

0 . 1 5 6  4 9  abc 4 3  abc 14 be 7 c 8 c 

0 . 2 1 59 be 59  be 18 be 10 c 9 c 

a 
S ix meter square counts per plot were taken approx imate l y  

three weeks p r i o r  to c rop harvest .  

b 
Me a n s  tol l owed by the same l e tter a re not s i gn i f icant l y  
d i f ferent at the 5 %  l ev e l  u s i ng t h e  Wa l l er - Duncan test . 00 

00 
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Tab l e A- 2 1 .  Y i e l d  o f  w i nter wheat ( Mg/ ha ) f o r  each u s e  l ev e l  o f  

metr ibu z i n , SMY - 1 5 0 0 , and comb i nat i ons f o r  fa l l  1 9 8 5  app l i ed 
a 

t reatme nts at Do l a nd , S ou th Dakota . 

Metr ibu z i n  
kg a i/ha 

o . o o 

0 . 0 5 

0 . 1 0 5  

0 . 1 5 6  

0 . 2 1 

a 

0 . 0 0 0 . 5 6 

SMY - 1 5 0 0  
kg a ij ha 

0 . 8 4 1 . 1 2 1 . 4  

- - - - - - - - - - - - - - - - - - - - - - ( Mqjh a ) - - - - - - - - - � - - - - - - - - - - - -

0 . 6 2 be · 1 . 14 be 0 . 8 0 be 1 . 5 4 abc 1 . 0 3 be 

0 . 8 6 be 1 . 2 2 be 1 . 6 1 abc 0 . 7 8 be 1 . 0 0 be 

0 � 5 2 c 0 . 9 2 be 2 . 2 6 ab 0 . 9 2 be 1 . 4 5 abc 

0 . 4 3 .c 0 . 8 9 be 1 . 2 0 be 0 . 8 3 be 0 . 9 3 be 

0 . 6 3 be 1 . 1 2 be 1 . 0 6 be 1 . 0 2 be 0 . 9 0 be 

Mean f o l l owed by the s ame l e tt e r  a re not s i g n i f i c a nt l y  d i f f e rent at 
the 5 . % l eve l us i ng Wa l l e r - Duncan te s t . 

-

00 
tO 
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TableA·21. Yield o f w i nte r wheat ( Mgjha ) for each use l eve l o f  

metribuz in ,  SMY-1 500 , a nd comb i nat i ons f o r  fal l 1 9 8 5  app l ied 
a 

treatments at H ighmore , south Dakota . 

Metribu z in 
kg a ijha 

o . o o 0 . 5 6 

SMY- 1 5 0 0  
kg a i/ha 

0 . 8 4 1 . 1 2 1 . 4  

-- ------ ---------- -- ---M9/ha- --------------�---------

0 . 0 0 2 . 8 8 a 3 . 1 0 a 3 . 2 1  a 3 . 4 6 a 3 . 5 0 a 

0 . 0 5 3 . 0 5 a 3 . 4 5 a 3 . 5 3 a 2 . 7 2 a 3 . 18 a 

0 . 1 0 5  3 . 3 0 a 3 . 2 6 a 3 . 1 5 a 3 . 3 4 a 3 . 2 5 a 

0 . 1 5 6  3 . 3 9 a 3 . 3 9 a 2 . 7 6 a 3 . 2 8 a 3 . 2 8 a 

0 . 2 1 2 . 5 5 a 3 . 4 0 a 3 . 3 5 a 2 . 9 3  a 2 . 9 9 a 

a 
Means fol lowed by the same l et t e r a re not s ign i f icant l y  d i f fe rent 
at the 5 ' l eve l u s i ng Wa l l e r- Duncan test . 

:.0 
0 
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Tab l e  A- 2 3 . Y i e l d o f  w i nter wheat ( Mg/ha ) for each use l ev e l  of  

metr ibuz i n , SMY- 1 5 0 0 , a n d  comb inat ions f o r  fa i l 1 9 8 6  app l ied 
a 

treatments at Rap id C ity , South Dakota . 

Metribu z in 
kg a ijha 

o . o o 0 . 5 6 

SMY- 1 5 0 0  
kg a ijha 

0 . 8 4 1 . 1 2 1 . 4  

- - - - - - - - - - - - - - - - - - - - - ( Mg/ha ) - - -------------------

0 . 00 2 . 5 6 be 2 . 6 5 abc 2 . 6 1 be 2 . 7 6  abc 2 . 7 8 ab 
I 

0 . 0 5 2 . 7 2 abc 2 . 9 6 ab 2 . 9 1 ab 2 . 7 8 ab 3 . 08 ab 
. 

0 . 105  2 . 6 8 abc 2 . 8 8 ab 2 . 7 3 abc 2 . 7 9 ab 2 . 8 2 ab 

0 . 156  2 . 3 6 c 2 . 6 6 abc 2 . 8 3 ab 2 . 9 0 ab 2 . 9 1 ab 

0 . 2 1 2 . 58 be 2 . 8 0 ab 2 . 8 5 ab 2 . 8 4 ab 2 . 7 8 ab 

a 
Means fol l owed by the same l etter a re not s ign i f ic a nt l y  d i f ferent 
a t  the 5 \ l eve l us i ng Wal le r-Duncan test . 

� 
� 



liJ1l� JJ 

Tabl e  A- 2 4 . Y i e l d o f  w i nt e r  whe at ( Mgjha ) f o r  e ach u s e  

l eve l o f  met r ibu z i n , SMY - 1 5 0 0 , a nd comb i na t i on s  f o r  s pr i ng 
a 

1 9 8 6  app l ied treatments a t  H ighmore , S outh Dakot a . 

Met r i bu z i n 
kg a ijha 

0 . 0 0 0 . 5 6 

SMY - 1 5 0 0  
kg a i/ha 

0 . 8 4 1 . 1 2 1 . 4  

- - - - - - - - - - - - - - - - - - - - ( Mgjha ) - - - - - - - - - - - - - - - - -

a 

0 . 0 0 2 . 4 0 2 . 5 7 2 . 5 0 2 . 5 5 2 . 7 6 

0 . 0 5 2 . 4 8 2 . 2 6 2 . 6 5 2 . 5 5 2 . 5 2 

0 . 1 0 5  2 . 6 1 2 . 4 5 2 . 6 0 2 . 5 1 2 . 3 8 

0 . 1 5 6  2 . 6 2 2 . 5 0 2 . 2 8 2 . 4 7 2 . 5 3 

0 . 2 1 2 . 6 9 2 . 4 9 2 . 3 9 2 . 4 7 2 . 6 9 

Me a n s  f o l l owed b y  t h e  s ame l e t t e r  a re not s ign i f i cant l y  
d i f f e rent a t  the 5 % l eve l us i ng the Wa l l e r - Duncan t e s t . 

\0 
tv 
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Tab l e  A- 2 5 . Y i e l d  o f  w i nter wheat ( Mg/ha ) for each use 

l ev e l  of met r ibuz in , S MY - 1 5 0 0 , and comb i nat ions for spr i ng 
a 

19 8 6  appl i ed treatments at Do l and , South Dakota . 

Metribu z in 
kg a ijha 

0 . 0 0 

0 . 0 5 

0 . 1 0 5  

0 . 1 5 6  

0 . 2 1 

a 

o . o o 0 . 5 6 

0 . 6 8 0 . 6 1 

0 . 4 0 0 . 4 3 

0 . 7 6 0 . 6 3 

0 . 3 3 0 . 6 3 

0 . 5 1 0 . 6 5 

SMY - 1 5 0 0  
kg a ijha 

0 . 8 4 

0 . 7 4 

0 . 5 7 

0 . 9 0 

0 . 5 5 

0 . 4 8 

1 . 1 2 

1 . 0 2 

0 . 5 6 

0 . 6 9 

0 . 9 1 

0 . 4 0 

1 . 4  

0 . 7 9 

0 . 3 7 

0 . 6 8 

0 . 5 7 

0 . 4 7 

Means fol l owed by the same l etter are not s ign i f icant l y  
d i f ferent at the 5 \ l evel . 

b 
S ign i f i cant crop i n j ury occu red w i th most chemi ca l 

• 
t reatments , tempe ratures d ropped t o  - 5  c one day a ft e r  
appl icat ions o f  che m i c a l  w e r e  made . 

(D 
w 
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Tabl e A 2 6 .  Y i e ld o f  w i nte r wheat ( Mgj ha ) for each u s e  l eve l o f  

met r i bu z i n , SMY - 1 5 0 0 , a nd comb i nat ions f o r  f a l l  1 9 8 6  app l i ed 
a 

t reatments a t  H ighmore , S outh Dakot a . 

SMY - 1 5 0 0  
k g  a ijha 

Met r i bu z i n 0 . 0 0 0 . 5 6 0 . 8 4 1 . 1 2 1 . 4 

a 

kg a i/ ha 

- - - - - - - - - - - - - - - - - - - ( Mgj ha ) - - - - - - - - - - � - - - - - - -

0 . 0 0 1 . 6 7 abc · 1 . 7 2 abc 1 . 2 7 c 1 . 8 1 abc 1 . 5 5 be 

0 . 0 5 1 . 4 4 be 1 . 2 7 c 1 . 5 3 be 1 . 8 5 abc 1 . 5 2 abc 

0 . 1 0 5  1 . ·4 1 be 1 . 7 4 abc 1 . 9 1 abc 1 . 9 7 abc 1 . 9 7 ab 

0 . 1 5 6  1 . 7 6 abc 1 . 7 4 abc 1 . 8 9 abc 1 . 7 8 abc 2 . 2 6 a 

0 . 2 1 1 . 5 2 be 1 . 7 2 abc 1 . 9 8 abc 1 . 9 4 abc 1 . 8 9 abc 

M� a n s  · f o l l owed by the s a me a r e not s i g n i f i c a n t l y  d i f fe rent 
a t  the 5 % l ev e l  u s i ng the Wa l l e r - Du n c a n  t e s t . tn 

� 



Tab l e  A- 2 7 . Y i e l d  o f  w i nt e r  wheat ( Mg/ ha ) for e ach 'Use 

l evel of met r i bu z i n ,  SMY - 1 5 0 0 , and comb i nat i ons for fa l l  
a 

1 9 8 6  app l i ed treatme nts at Do l and , S outh Dakota . 

SMY - 1 5 0 0  
kg a ijha 

Met r ibu z i n  0 . 0 0 0 . 5 6 0 . 8 4 1 . 1 2 1 . 4  
kg a i/ha 

o . o o 0 . 9 8 i 1 . 3 9 f - i  1 . 2 3 gh i 1 . 8 0 d-h 1 . 9 1 b-g 

0 . 0 5 0 . 9 4 i 1 . 5 5 d - i  1 . 8 0 d-h 1 . 9 7 a - f 2 . 0 1 a - f  

0 . 1 0 5  1 . 1 6 h i  1 . 5 0 e - i 1 . 6 4 d- i 1 . 8 2 c-h 2 . 3 6 abc 

0 . 1 5 6  1 . 4 9 e - i 1 . 7 2 d-h 2 . 2 5 a-d 2 . 1 6 a - e  2 . 5 5 a b  

0 . 2 1 1 . 5 9 d- i 1 . 7 8 d-h 2 . 6 4 a 1 . 9 5 a - f 1 . 9 2 a - f 

a 
Means f o l l �wed by the same l etter a re not s ig n i f icant l y  
d i f fe rent a t  the 5 % l ev e l  us i ng the Wa l l e r - Duncan test . 

U) 
01 



Tab l e  A- 2 8 . Means o f  percent p rote i n  content o f  whea t  whe n  

subj ected t o  u s e  l eve l s  o f  met r ibu z i n , SMY- 1 5 0 0 , a nd 

comb i nat i on s  for fa l l  1 9 8 5  app l ied treatments at H i ghmore , 
a .  

South Dakota . 

SMY - 1 5 0 0  
kg a ijha 

Met r ibu z i n  o . o o 0 . 5 6 0 . 8 4 1 . 1 2 1 . 4  
kg a ijha 

- - - - - - - - -
o . o o 1 1 . 3  a 1 1 . 3  a 1 1 . 3  a 1 1 . 3  a 1 1 . 4  a 

0 . 0 5 1 1 . 3  a 1 1 . 3  a 1 1 . 2  a 1 1 . 1  a 1 1 . 3 a 

0 . 1 0 5  1 1 . 4  a 1 1 . 4  a 1 1 . 6  a 1 1 . 6  a 1 1 . 5  a 

0 . 1 5 6  1 1 . 6  a 1 1 . 5  a 1 1 . 9  a 1 1 . 5  a 1 1 . 5 a 

0 . 2 1 1 1· . 6 a 1 1 . 8  a 1 1 . 6  a 1 1 . 6  a 1 1 . 5  a 

a 
Me ans fo l l owed by the same l ette r a re not s ign i f i cant ly 
d i f fe rent a t the 5\ l eve l us ing the Wa l l e r - Duncan test . 

tO 
m 
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Tab l e  A- 2 9 . Means o f  percent prote i n  content o f  wheat when 

subj ected to u s e  l eve l s  of met r i bu z i n , SMY - 1 5 0 0 , a nd 

comb i na t i on s  f o r  f a l l 1 9 8 5  app l ied t re a tments at Do l and , 
a 

S outh Dakota . 

SMY - 1 5 0 0  
kg a i/ha 

Metr i bu z i n  0 . 0 0 0 . 5 6 0 . 8 4 1 . 1 2 1 . 4  

kg a i/ha 
- - - - - - - - -

o . o o 1 2 . 2  a 1 2 . 5  a 1 2 . 7  a 1 2 . 6  a 1 2 . 5  a 

0 . 0 5 1 2 . 3  a 1 2 . 3  a 1 2 . 2  a 1 2 . 1  a 1 2 . 2  a 

0 . 1 0 5  1 2 . 7  a 1 2 . 5  a 1 2 . 3  a 1 2 . 4 a 1 2 . 6  a 

0 . 1 5 6  1 2 . 3  a 1 1 . 2  a 1 2 . 0  a 1 2 . 8  a 1 2 . 7  a 

0 . 2 1 1 2 . 5  a 1 2 . 4  a 1 2 . 5  a 1 2 . 6  a 1 2 . 7  a 

a 
Means fol l owed by the s ame l e t t e r  a re not s i g n i f i ca nt l y  
d i f f e rent a t  the 5 %  l eve l us i ng the Wa l l e r - Duncan test . 

to 
� 
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Tab l e  A- 3 0 . Means o f  percent p rot e i n  content o f  whe a t  

w h e n  subj ected to u s e  l ev e l s  o f  mei r ibu z i n , SMY- 1 5 0 0 4  

a nd comb i na t ions f o r  spr i ng 1 9 8 6  a pp l i ed t rea tments 
a 

at Rap i d  C i ty , S outh Dakota . 

Met r ibu z i n  0 . 0 0 . 0 .  5 6  
kg a i;ha 

- - � - - - - - -

o . o o 1 2 . 9  ab 1 3 . 3  ab 

0 . 0 5 1 2 . 8  ab 1 3 . 3  ab 

0 . 1 0 5  1 3 . 8  a 1 2 . 4  ab 

0 . 1 5 6  1 2 . 9  ab 1 2 . 8  ab 

0 . 2 1 1 2 . 6  ab 1 2 . 2  ab 

a 

SMY - 1 5 0 0  
kg a ij ha 

0 . 8 4 1 . 1 2 

1 2 . 2  ab 1 3 . 2  ab 

1 3 . 1  ab 1 3 . 2  ab 

1 2 . 8  ab 1 2 . 3  ab 

1 2 . 5  ab 1 2 . 5  ab 

1 2 . 9  ab 1 2 . 4  ab 

1 . 4 

1 2 . 4  ab 

1 2 . 6  ab 

1 2 . 5  ab 

1 3 . 0  ab 

1 2 . 6  ab 

Mea n s  f o l l owed by t h e  s � m e l e t te r  n rP n o t  s i � n i f i c� n t l y 
ll l t t t.! t· u n t  a l  L hu � ·t l u v u l  u � l ny thu W a l l e r - Uu n c a n  t e ti t . 

to 
00 



Tab l e  A- 3 1 . Means o f  percent prote i n  content o f  whe a t  whe n  

subj ected t o  each u s e  l ev e l  o f  met r i b u z i n , SMY - 1 5 0 0 , a nd 

comb i n a t ions f o r  spr i ng 1 9 8 6  a pp l i ed t re atmen t s  a t  H ighmo r e , 
a 

S outh Dakot a . 

SMY- 1 5 0 0  
kg a ij h a  

Met r i bu z i n  0 . 0 0 0 . 5 6 0 . 8 4 1 . 1 2 1 . 4  
kg a ijha 

- - - - - - - - -

0 . 0 0 1 1 . 3  ab 1 1 . 4  ab 1 1 . 5 a b  1 1 . 4  ab 1 1 . 6  ab 

0 . 0 5 1 1 . 4  ab 1 1 . 2  ab 1 1 . 2  ab 1 1 . 3  ab 1 1 . 3  ab 

0 . 1 0 5  1 1 . 4  ab 1 1 . 2  a b  1 1 . 2  ab 1 1 . 7  a 1 1 . 3  ab 

0 . 1 5 6  1 1 . 0  ab 1 1  . .  4 ab 1 1 . 4  a b  1 1 . 2  a b  1 1 . 5 a b  

0 . 2 1 1 0 . 9  ab 1 1 . 2  ab 1 1 . 2  ab 1 1 � 4  ab 1 1 . 6  a b  

a 
Mea ns fo l l owed by th e s ame l ette� a re not s ig n i f i cant l y  
d i f fe rent a t  the 5 %  l ev e l u s i ng the Wa l l e r- Dunca n test . 

CD 
� 
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Tab l e  A- 3 2 . Means of perc�nt frot e i n  cont e n t  of wheat whe n  

· sub j ected t o  each u s e  l ev e l  o f  me t r i bu z i n , SMY- 1 5 0 0 , a nd 

comb i nat i ons f o r  spr i ng 1 9 8 6  a pp l i ed treatments at Do l a nd , 
" 

South Dakota . 

SMY - 1 5 0 0  
kg a ijha 

Met r ibu z i n  0 . 0 0 0 . 5 6 0 . 8 4 1 . 1 2 1 . 4  
kg a ijha 

- - - - - - - - -

o . o o 1 2 . 7  a 1 2 . 9  a 1 2 . 9  a 1 2 . 7  a 1 2 . 9  a 

0 . 0 5 · 1 3 . 0  a 1 2 . 8  a 1 2 . 8  a 1 2 . 7  a 1 2 . 9  ·a 

0 . 1 0 5  1 3 . 0  a 1 2 . 6  a 1 3 . 0  a 1 2 . 9  a 1 3 . 2  a 

O . l !J CJ  l J . l  a l J . U  tl 1 2 . 0  a l � . 'I a 1 � . �  a 

0 .  2 1  1 2 . 9  a 1 2 . 9  a 1 3 . 0  a 1 3 . 0  a 1 3 . 2 a 

a 
Me a n s  f o l l owed by t h e  s ame l et t e r  a r e  n ot s i g n i f i c a nt l y  
d i f fe rent a t  t h e  5 % l ev e l  us i ng the Wa l l e r - Duncan t e s t . 

� 
0 
0 
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Tabl e  A-3 4 . Means o f  percent protein content o f  _ wheat when 

subj ected to each use leve l of metribuz in ,  SMY- 1 5 0 0 , and 

combinat ions for fal l 19 8 6  appl i ed treatments at H ighmore , 
a 

South Dakota . 

SMY- 1 5 0 0  
k g  a ijha 

Metribuz in o . o o 0 . 5 6 0 . 8 4 1 . 1 2 1 . 4  
kg a i/ha 

- ---- - - - -
o . o o 1 2 . 6  a 1 2 . 7  a 1 2 . 9  a 1 2 . 9  a 1 3 . 0  a 

0 . 50 1 2 . 9  a 12 . 9  a 1 3 . 1  a 1 3 . 1  a 1 3 . 1  a 

0 . 1 0 5  1 2 . 6  a 1 2 . 9  a 1 3 . 0  a 1 3 . 0  a 1 3 . 6  a 

0 . 1 5 6  1 3 . 0  a 1 3 . 2  a 1 3 . 1  a 1 3 . 5  a 1 3 . 2  a 

0 . 2 1 1 3 . 3  a 1 3 . 4  a 1 3 . 5  a 1 2 . 9  a 1 3 . 3  a 

a 
Means fol l owed by the same l etter are not s ig n i f i cant l y  

d i f ferent at the 5 \  l eve l us i ng the Wal ler-Duncan test . 

1--l 
0 
1--l 
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Tabl e  A- 3 5 .  Means o f  percent p rote i n  content o f  wheat when 

subj ected to each use l evel o f  metr i bu z i n ,  _ SMY - 1 5 0 0 , a nd 

comb inat i ons for fa l l  1 9 8 6  app l i ed t reatments at Mart in ,  
a 

S outh Dakot a . 

Metribu z in 
kg a i/ha 

- - - - - - - - -

o . o o 

o .  5 o · 

0 . 1 0 5  

0 . 1 5 6  

0 . 2 1 

a 

0 . 0 0 0 . 5 6 

1 2 . 6  a 1 2 . 8  a 

1 2 . 5  a 1 1 . 7  a 

1 2 . 3  a 1 1 . 8  a 

1 3 . 1  a 1 1 . 8  a 

1 2 . 0  a 1 2 . 9  a 

SMY - 1 5 0 0  
k g  a ijha 

0 . 8 4 1 . 1 2 1 . 4  

1 2 . 3  a 1 1 . 9  a 1 2 . 5  a 

I 

1 2 . 7  a 1 1 . 7  a 1 2 . 0  a 

1 1 . 6  a . 1 2 . 5  a 1 3 . 0  a 

1 2 . 3  a 1 3 . 0  a 1 2 . 5  a 

1 2 . 6  a 1 2 . 2  a 1 2 . 7  a 

Means fol l owed by the same l etter are not s ign i f icant l y  

d i f ferent a t  the 5 %  level us ing the Wa l l er- Duncan test . 

t--4 
0 
l\:) 



Tabl e  A- 3 6 .  Means o f  percent p rote i n  content o f  whea t  whe n  

subj ected t o  each use l evel o f  metr i bu z i n ,  SMY- 1 5 0 0 , and 

comb inat i on s  for fa l l  1 9 8 6  app l i ed treatments a t  Dol and , 
a 

South Dakota . 

SMY- 1 5 0 0  
kg a ijha 

Metribu z in 0 . 0 0 0 . 5 6 0 . 8 4 1 . 1 2 1 . 4  
kg a ijha 

- - - - - - - - -

o . o o 1 2 . 3  c 1 2 . 9  abc 1 2 . 5  be 1 2 . 8  abc 1 3 . 0  abc 

0 . 5 0 1 2 . 8  abc 1 2 . 3  c 1 3 . 3  abc 1 3 . 2  abc 1 3 . 4  ab 

0 . 1 0 5  1 2 . 8  abc 1 2 . 8  abc 1 2 . 9  abc 1 3 . 1  abc 1 3 . 7  a 

0 . 1 5 6  1 2 . 7  abc 1 2 . 8  abc 1 3 . 2  abc 1 3 . 2  abc 1 3 . 5  ab 

0 . 2 1 1 2 . 9  abc 1 3 . 4  ab 1 3 . 6  a 1 3 . 2  abc 1 3 . 4  ab 

a 
Means fol l owed by the same l etter a re not s ign i f icant l y  

d i f f erent a t  the 5 %  l evel u s ing the Wa l l er-Duncan test . 

f--1 
0 
w 
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T n b l c  A- 3 7  P r e c i p i t a t i o n r r. c e i v e d  f r o• a p p l i c A t i o n d a t e  t o  h a r v e s t f o r  e a c h o f  v a r i o u s  l o c a t i on s  

A p p . 
D a t e  

Q 
H tt r v c a t  

D o t e  A s 0 N D J 
M o n t h  
r H A 

P r e c i p . 

M J J T o t a l  

- - ·- - - - - - ·- - - - - - - - - - -· - - . . . . - - - - - - ·- ( c . ) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ll i g h a o r r.  4 1 2 - 86 7 2 1  0 6  - - ·- - 2 . 3  1 7 . 9  7 . 1 0 . 7  8 . 5  4 " . 5  

D o l a n d  " - 1 2 - 8 6 7 - 2 3 - 8 6  - - - - - - - 1 .  2 1 5 . 7  5 . 4  1 0 . 1 3 . 0  3 5 . 4  

R o p i d  C i t y 3 - 2 7 - 8 6 7 - 1 7 - 8 6 - - - - - - 0 . 0  1 2 . 0  3 . 6  1 1 . 6  0 . 4  6 3 . 0 

D o l 11 n d  1 0  - : n - 8 5  7 - 2 3 - 8 6  - - 0 . 0  1 . 9  0 . 2  0 . 3  2 . 8  l .  4 1 5 . 7  5 . 4  1 0 . 1  3 . 0  4 3 . 8  

D o l a n d  8 -· 2 9 · 8 6  7 -· 1 5  8 7  0 . 0  o . n 0 . 1 0 .  1 0 . 0  0 . 2  2 .  1 6 . 9  0 . 9  4 . 5  4 . 5  4 . 5  3 2 . 6  

M a r t i n  1 0  2 7 · - 0 6  7 - 0 8  0 7  - - 0 . 0  1 . 6  0 . 0  0 . 1 5 .  1 5 . 7  1 . 1 6 . 0  4 . 5  3 . 4  2 7 . 5  

II i. g h•o r c.� 1 0  2 -1 - 8 6  7 2 1 - 8 7  · - 0 . 0  2 . 0  0 . 0  0 . 4  6 . 5  1 0 . 2 2 . 0  4 . 9  4 .  1 7 . 6  3 7 . 6  

ll i g h n10 r e  9 ·  2 7 · R 6  7 -·1 5  0 7  - 0 . 0  2 . 5  2 . 0  0 . 0  0 . 4  6 . 5  1 0 . 2  2 . 0  4 . 9  4 .  1 5 . 8  3 8 . 4  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

0 

P r c c i p i t o t i o n  f o r  J u l y  f o r  J u l y  1 t o  h o r v c s t d u t c  o n l y .  
� 
0 
� 



1 0 5  

Tab l e  A- 3 8 . Average tempe rature and p rec ip itat i on at 

B rookings , S outh Dakota for two weeks p r i or and f our 
a 

weeks fo l l owing appl ic ation o f  compound s . 

Tempe rature Prec ip i ta t i on 
- - ---- - - - - - - - - - -

High Low Avg . 

0 
- - - - - - c - - - - - mm 

1 9 8 6  1 - 1 4  day prior 2 4  - 8  8 o . o o 

1 9 8 7  to app l icat i on 2 5  2 6 0 . 8 6 

1 9 8 6 1 - 7  days 1 6  - a  4 1 . 5 0 

1 9 8 7  12 - 6  0 0 . 2 8 

1 9 8 6  7 - 14 days 6 - 8  - 4  3 . 8 0 

1 9 8 7  2 4  - 3  .L l . 0 . 0 0 

1 9 8 6  1 4 -2 1  aays 0 ·- 1 7  - 7  8 . 9 0 

1 9 8 7  2 2  - 3  8 0 . 1 5 

1 9 8 6  2 1 - 2 8 days - 6  - 2 6
. 

- 1 5  4 . 1 0 

1 9 8 7  1 5  - 9  2 0 . 3 0 

a 
App l i cat ion o f  compounds were made to the 19 8 6  

and 1 9 8 7  experiments on October 3 1 , 1 9 8 5  and 

October 9 ,  1 9 8 6  r� spective l y . 
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