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Soybean producers are faced with the difficulty of maximizing weed control while 

minimizing costs.  Due to the diversity of weed species and changing technology available 
for weed management, producers are faced with an ever-increasing array of complex 
issues.  The weed science program at the University of Delaware developed a proposal to 
examine new issues related to emerging technology and effective strategies to address 
current and developing weed problems. 

 
The following is a series of research objectives and summary data:  

 
1. Herbicide Resistant Soybeans - 
 

1a.  Evaluate Roundup Ready weed management programs, compared to 
conventional herbicides while surveying weed populations for potential 
shifts in weed species composition. 

 
This study was initiated in 1996 at the UD Research and Education Center.  Additional 
funds allowed for a second site to be initiated in 1997.  Novartis provided partial financial 
support in 1998.  Funding for additional years was requested from Northeastern Regional 
Integrated Pest Management 
 

The sites are being cropped as a soybean-corn rotation.  The soybeans will utilize 
Roundup Ultra herbicide or conventional herbicide programs.  The soybean herbicide 
programs include weed-free, Roundup Ultra, and Canopy plus Dual.  The corn rotation 
utilizes conventional corn hybrids, IMI-corn, Liberty Link corn, or Roundup Ready corn (and 
their respective herbicide programs).  The corn herbicide programs include weed-free, no 
weed control, Roundup Ultra, Liberty, Lightning, Bicep, and Bicep followed by Marksman.   
Plots will have the soil seedbank sampled at planting by taking soil cores, extracting weed 
seeds, and counting seeds by species.  Weeds present before postemergence herbicide 
application and present at harvest will be identified and counted.  Plots will be evaluated for 
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weed control, crop injury, and yield.  Seed and seedling samples will be conducted as 
outlined by other researchers (Weed Sci. 32:84-89).  
 

 This study will provide information on the benefits or need for herbicide rotation to 
minimize weed species shifts.  
 

No differences were detected as of yet.  The Roundup Ultra and Liberty provided 
fair to good control of annual weeds in corn.  Lightning did not adequately control common 
ragweed or crabgrass.  Roundup Ultra provided excellent control of all weeds in soybeans, 
while Canopy plus Dual did not provide acceptable control due to lack of rainfall for timely 
incorporation. 
 
 

1b.  Evaluate the effectiveness of tank-mixing Roundup Ultra with residual 
herbicides for control of late-emerging weed species [conducted in 
cooperation with Rutgers University and the New Jersey Soybean Board]. 

 
Final year of study 
 
A series of studies were conducted to examine the impact of timing for postemergence 
Roundup applications.  A second objective was to determine whether a residual herbicide 
is needed with the Roundup application or if the soybean canopy was adequate to 
suppress weeds emerging after the herbicide application.  Residual herbicides were a 
tank-mixture of Pursuit and Command.  Roundup was applied at soybean cracking, 
unifoliate, first through sixth trifoliate stages.  This study was conducted with conventional 
tillage as well as full-season and double-cropped no-tillage.  For the no-tillage studies, all 
treatments were applied with and without an application of Roundup prior to planting.  
Studies were conducted in Delaware and New Jersey. 
 
 
Conventional tillage 

 
Field studies were conducted under full-season conventional tillage in Delaware and New 
Jersey in 1995 to 1997, to determine the critical time to apply Roundup with or without 
residual herbicides for optimum weed control in Roundup Ready soybean.  Herbicide 
application was made at cracking, unifoliate, and one- to six-trifoliate stages of GRS. 
Weeds varied in growth stages from preemergence (PRE) at cracking to an average 
height of 12 inchjes at the six-trifoliate stage of the soybeans. Herbicide activity varied by 
year and weed species. Herbicidal action was better under high than low rainfall 
conditions. Roundup application without residual herbicides was less effective at cracking 
and unifoliate than at one- to three-trifoliate leaf stages. Mixing residual herbicides with 
Roundup at cracking and unifoliate stages enhanced weed control but made no difference 
when application was delayed until one- to three-trifoliate stages. For optimum weed 
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control in Roundup Ready soybeans, the window of application for Roundup alone was 
between the one- and three-trifoliate leaf stages, approximately 18 to 28 days after planting 
(DAP). If Roundup was tank-mixed with residual herbicides, the window of application 
extended from cracking until the four-trifoliate stage; and weed interference until the four-
trifoliate stage (approximately 32 DAP) did not depress Roundup Ready soybean yield. 
 
No-tillage: 
 
Full-season no-till soybeans.  Preplant Roundup application for the control of emerged 
weeds was essential for satisfactory control of common annual weeds with Roundup alone 
or Roundup combined with residual herbicides when rainfall was high, but less important 
when rainfall was low.  Compared to Roundup alone, Roundup plus residual herbicides 
improved the control of common lambsquarters, fall panicum, and common ragweed, when 
applied at cracking or at the V1 stage and preceded by preplant Roundup applications. At 
all stages of application, satisfactory full-season control of ivyleaf morningglory was 
achieved only with Roundup plus residual herbicides. Horseweed, large crabgrass, giant 
foxtail, or smooth pigweed control varied from good to excellent (80 to 100%) at all stages 
of application of Roundup alone or with residual herbicides. Roundup applied alone or with 
residual herbicides was safe on Roundup Ready soybeans regardless of time of 
application up to the V7 stage. The highest soybean yield was consistently achieved with 
preplant Roundup applications followed by Roundup alone at the V2 to V4 stages or a 
preplant Roundup application followed by Roundup plus residual herbicides applied from 
crop emergence to the V4 stage. 
 
 
Double-cropped no-till.  Preplant Roundup applications did not influence the efficacy of 
POST Roundup applications alone or with the residual herbicides. Roundup alone or with 
Command plus Pursuit provided excellent control of horseweed and fall panicum 
irrespective of the time of herbicide application from Round Ready soybeans at cracking to 
the V6 stage. With other weed species, residual herbicide influence varied with year, weed 
species, and soybean growth stage at herbicide application. Generally, Roundup alone 
was most effective when applied at the V2 to V6 stages (16 to 35 DAP). A tank-mix of 
Roundup with Comand plus Pursuit  extended this window to include applications at 
soybean cracking and the V1 stage. Herbicide treatments were safe on Roundup Ready 
soybean at all stages of application up to the V6 stage (35 DAP). 
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1c.  Compare the weed control effectiveness of genetically-altered 
soybeans, utilizing Roundup Ready, sulfonylurea tolerant (STS), and 
glufosinate-resistant soybeans. 
 
 

Final year of study 
 

A three-year study was funded by the Delaware Soybean Board to examine the 
differences between the various herbicide-tolerant soybean varieties and their respective 
herbicide programs.  Studies were conducted from 1996 to 1998 with two locations in 
1997 and 1998.  Standard soybean varieties were treated with Storm plus Pinnacle plus 
Assure II at first or third trifoliolate stage, and Cobra plus Select was applied at the fifth 
trifoliolate stage.  Genetically modified soybean varieties (STS, Roundup Ready, and 
Liberty Ling) were treated with the respective postemergence (POST) herbicides sprayed 
at first, third, or fifth trifoliolate.  In addition, all herbicide programs included a soil-applied 
treatment of Canopy plus Dual followed by the respective POST herbicide applied at the 
third trifoliolate stage. 
 

In 1996, weed control was excellent (90%) for all treatments except Liberty applied 
at the first trifoliolate stage.  In 1997 at both locations, herbicide applications at the fifth 
trifoliolate stage resulted in poorer weed control than the other applications. 
 

In 1998 at the Research and Education Center (REC) in Georgetown, ivyleaf 
morningglory control was better with Liberty Link and STS soybean weed management 
programs than Roundup Ready and conventional herbicide programs.  Common ragweed 
control was better with Liberty Link, STS, or Roundup Ready weed management programs 
compared to a conventional herbicide program.  Fall panicum control was >85% for all 
treatments except Roundup Ready or STS herbicide programs applied at first trifoliolate 
stage or conventional herbicide program at third trifoliolate stage. 
 

In 1998 at Knowles Corner DE, morningglory control was >85% when a soil-applied 
herbicide was used regardless of the POST herbicides, STS herbicide program applied at 
first trifoliolate, or Liberty applied at fifth trifoliolate. 
 

No specific program consistently provided weed control superior to the other 
programs.  Roundup Ready or STS programs provided more consistent annual grass 
control than the Liberty Link or conventional programs.  Annual grass control with the 
conventional program could have been improved with either another choice of grass 
herbicide or increasing the herbicide rate.  The STS and Liberty Link programs were more 
consistent for morningglory control than Roundup Ready or the conventional weed control 
programs. 
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There was a definite trend for all weed control programs that herbicide applications 
at the first or third trifoliolate stage were as effective as Canopy plus Dual followed by a 
postemergence herbicide.  An exception was common lambsquarters control in 1998.  
This was a very dry year and postemergence control was reduced due to drought stress.  
The Canopy plus Dual resulted in smaller more susceptible plants for the postemergence 
herbicides.  Furthermore, applications at the fifth trifoliolate stage were less effective.  With 
applications at the fifth trifoliolate stage, no specific program was better. 
  

To compare yields, the soil-applied followed by an application at the third trifoliate 
stage was considered the baseline yield (100) for the respective variety.  Yield of the other 
three treatments for the given variety were determined based on the baseline yield.  In 
1996 at REC, yields were lower when herbicide application was delayed to the fifth 
trifoliolate stage compared to earlier applications.  In 1997 at REC, Roundup Ready, 
Liberty Link and STS systems treated at the third trifoliolate stage or earlier, had similar 
yields to a soil-applied herbicide application followed by a POST herbicide.  In 1998 at 
REC, Roundup Ready and STS systems treated at the third trifoliolate stage or earlier, had 
similar yields to a soil-applied herbicide application followed by a POST herbicide.  
Reduced yields were due to poor weed control for the various treatments.  No specific 
soybean/weed management program consistently yielded more than the other programs. 
 

We selected one conventional herbicide program considered broad spectrum for 
many situations in DE.  We did not alter our conventional herbicide program for the 
individual sites, which would have resulted in improved weed control in some instances.  
We acknowledge that herbicide selection could have been different. 
 

Herbicide-resistant soybeans have a place in the Mid-Atlantic region.  Noting which 
weeds need to be controlled is most critical in herbicide selection.  Considering the total 
costs of the soybean/herbicide program is important.  Considering the cost of the seed, 
technology fee, herbicide costs, and application cost is needed to compare the economics 
of the various programs (see Table below).  As herbicide prices change rapidly it is best 
that each producer considers for themselves which program to choose.  Seed availability 
of the variety best suited for your farm or field, may dictate which program you select.  As 
indicated here, the weed control from postemergence application can be effective no 
matter the type of soybean you plant if it is managed effectively.  
 

Special thanks to Glenwood Waller, Don Bullock, and Lake Forest Vocational 
Agriculture Program for working with us on this project. 
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Input costs to consider for the different herbicide/seed programs.  Costs are 
estimates for comparison only.  Check with your local dealer for updated prices.  
No cost comparisons for Liberty Link program since is not yet available in our 
area.  
 
 
Costs (estimates as of 
summer 1998) 

 
Traditional 

 
STS 

 
Roundup-Ready 

 
Seeda  ($/bag) 

 
17-18 

 
17-18 

 
17-19 

 
Technology fee 

 
0 

 
0 

 
5.00 

 
Application costsb 

 
2/6 

 
6 

 
6 

 
Herbicide costsc 

 
 

 
 

 
 

 
   Canopy+Dual 

 
$19.00 
  (9.00+10.00) 

 
 

 
 

 
   Blazer+DB+Assure II 

 
$13.50 
   (7.50+0.50+5.50) 

 
 

 
 

 
   Storm+Pinnacle+Assure II 
       (½ X rate of Pinnacle) 

 
$ 18.50 
   (8.50+4.50+5.50) 

 
 

 
 

 
   Synchrony+Assure II 

 
 

 
$ 11.50 
   (6.00+5.50) 

 
 

 
   Roundup Ultra 

 
 

 
 

 
$ 12.00 

 
Total costsd: 
          Total POST program 
          PRE program 
          PRE followed by POST 

 
 
$ 36.50 to 42.50 
$ 38.00 to 43.00 
$ 52.00 to 61.00 

 
 
$ 34.50 to 35.50 
--- 
$ 55.50 to 60.50 

 
 
$ 40.00 to 42.00 
--- 
$ 61.00 to 67.00 

 
aAssumes certified seeds, if “saved seeds” were used seed cost would be at least 
$7.00/bag (cost of selling beans the previous fall plus cleaning, testing, treating, and 
handling costs). 
 
bApplication cost of $2.00/A for application at planting (not a separate trip across the field) 
or $6.00/A for separate application. 
 
cHerbicide rates are labeled rate for each herbicide, except where noted. 
 
dLow cost range is based on lower seed costs, lowest herbicide cost, and lowest 
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application costs.  High cost range is higher seed costs, higher herbicide costs, and all 
herbicides applied as separate operation. 
 
3. Evaluate Roundup Ready and conventional soybean herbicide programs 

for crop injury and yield in double-cropped no-till soybeans with and 
without irrigation. 

 
Second year of a three-year study. 
 

Many conventional (standard) herbicide programs cause crop injury or stunting 
when applied in double-cropped no-till soybeans.  This injury or stunting may cause 
significant soybean yield reductions when the crop is subjected to sub-optimal growing 
conditions (drought and late planting).  As a producer, the goal is to provide the most 
stress free environment for soybeans planted after wheat.  Proper herbicide selection, use 
of herbicide resistant soybeans, and/or irrigation are important tools producers can utilize 
to achieve minimal crop injury and optimal crop yields. 
 

Field studies were conducted in 1997 and 1998 to evaluate a Roundup Ready 
variety stacked with the STS gene (Asgrow 4501), and a conventional variety (Asgrow 
4138) with a traditional herbicide program including PRE and POST applications.  Asgrow 
4138 was the variety with the closest parental linkage to Asgrow 4501 that was obtainable. 
 The studies were evaluated at the Research and Education Center and Alton Rogers’ farm 
located in Georgetown, DE under irrigated and non-irrigated conditions.  All plots received 
a burndown treatment of Roundup Ultra at 1 qt/acre immediately after planting.  Treatments 
applied to Asgrow 4501 (stacked) included: Canopy at 3, 4, and 5 oz/acre PRE; Canopy at 
3 oz/acre PRE followed by Roundup Ultra at 1.5 pt/acre POST; Roundup Ultra at 1.5 
pt/acre POST.  Treatments applied to Asgrow 4138 (standard variety)  included: Canopy at 
3, 4, and 5 oz/acre PRE; Canopy at 3 oz/acre PRE followed by Blazer(1.5 pt/acre) plus 
2,4-DB (2 oz/acre) plus nonionic surfactant (0.25 % v/v); Blazer plus 2,4-DB plus nonionic 
surfactant POST at the above rates.  Both varieties had a weed free check for yield 
comparisons.   All POST herbicide applications were made at the third to fourth trifoliate 
soybean stage. 
 

Data collected included crop injury, weed control, and crop yield.  Crop injury was 
determined by taking weekly measurements on plant height and canopy width as well as 
trifoliate counts. 
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Weed control for all studies was excellent (>90 %), regardless of herbicide rates or 
soybean variety.  In the non-irrigated studies, soybean yields were similar across all 
treatments with the exception of Blazer plus 2,4-DB on Asgrow 4138 at Alton Rogers’ farm. 
 Soybean yield was 17.8 bu/acre with this treatment compared to the 3 oz/acre (29.1 
bu/acre)  and 4 oz/acre (28.1 bu/acre) rate of Canopy PRE on Asgrow 4138.  This 
reduction in yield was due to herbicide injury.  Soybean yields in 1998 at the REC 
averaged 25 bu/acre across all treatments, compared to 1997 (dry weather) yields of 11.5 
bu/acre.  In the irrigated studies, there were no differences among any of the herbicide 
treatments regardless of variety/herbicide program selected with the exception of the 
Blazer plus 2,4-DB on Asgrow 4138.  Similar soybean yield reductions were seen with this 
treatment as compared to the non-irrigated studies.  The 3 and 4 oz/acre Canopy rates 
PRE on Asgrow 4138 provided greater soybean yield at Alton Rogers’ farm, where as the 
4 oz/acre Canopy rate provided greater yield at the REC when compared to the total 
POST application of Blazer and 2,4-DB on Asgrow 4138.  
 

An additional year of research should assist us in identifying the potential benefits of 
using Roundup Ready varieties for double-cropped soybean production as compared to 
traditional programs (non-herbicide resistant soybeans) with and without irrigation.  A 
special thanks to Alton Rogers for cooperating with us on this project.   

 
 


