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OBJECTIVES OF PROPOSED RESEARCH: 
 

1. Optimize and improve efficacy of herbicide applied alone, tank mixes, or/and in 
sequential treatments in different rice production systems in California. Develop 
herbicide alternatives and programs that are efficacious, simple, adoptable, and cost 
effective. 
 

2. Test new compounds that address critical weed control issues in California rice cropping 
systems to ensure that they are efficacious, compatible, and useful for California rice 
production.   
 

3. Develop management alternatives by integrating agronomical and cultural practices to 
improve weed control, minimize costs, and reduces environmental impacts.   
 

4. Study mechanism of herbicide resistance in weeds and identify programs to manage 
resistant biotypes, provide diagnosis services to growers and PCA to confirm 
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cross/multiple resistance in rice fields, and mapping the spread of resistance in the rice 
production areas in California. 
 

SUMMARY OF 2015 RESEARCH: 
 
The weed control project seeks to assist California rice growers to achieve economic and timely 
broad-spectrum weed control, prevention and management of herbicide-resistant weeds, develop 
new tools and technology to manage weeds in rice, and to comply with personal and 
environmental safety requirements. The research examines the efficacy of new and exist 
herbicides, develop alternative crop establishment methods as a means of altering weed 
dynamics, and study herbicide resistance and strategies to deal with this problem in the rice 
fields. 
 
Objective 1: Optimize and improve efficacy of herbicide applied alone, in tank mixes, or/and in 
sequential treatments in different rice production systems. Develop herbicide programs that 
are efficacious, simple, adoptable, and cost effective. 
 
Due to variations in growing and irrigation methods utilized by farmers around the state of 
California, we continue to test herbicides in different settings, including continuous flood, pin-
point flood, and dry/drill-seeding with flush irrigation. Experiments were conducted at the Rice 
Experiment Station (RES) in Butte County at two sites. The continuous flood and pine point 
studies were planted on June 3 whereas the direct seeded Rice experiment was planted on May 
29. Continuously flooded plots were seeded into flooded fields, and water levels were 
maintained at approximately 4-6 inches throughout the season.  The level of water, however, was 
lowered for certain late season herbicide treatment. Water was drained at about a month before 
harvest, to facilitate machine harvest.  
 
In pinpoint study, plots were also flooded at seeding, but water was drained at a specific point to 
allow for foliar application of herbicide.  For the drill-seeded experiment, seeds were drilled into 
the soil, and the field was then flushed repeatedly to establish the rice. After the rice reached the 
3-4 leaf stage, the fields were flooded with 4-6 inches of water.   
 
Weed control and rice injury were rated using 0 to 100 scale where 0 = no injury and 100 = 
mortality. Rating was conducted 20, 40, and 60 days after seeding (DAS). In all studies, weed 
control was also rated by species.  All herbicide applications were made with a CO2-pressurized 
(30 PSI) hand-held sprayer equipped with a ten-foot boom and 8003 nozzles, calibrated to apply 
20 gallons/acre. Applications with solid formulations were made by evenly broadcasting the 
product over the plots.    
 
In this report, the trade name of herbicides was used and the herbicide rates appear as amounts of 
formulated product; a cross-reference between brands and active ingredients is presented in 
Table 1. 
 
I. Continuous Flood System 
This system promotes suppression of certain weeds such as barnyardgrass and sprangletop. 
These two weeds would otherwise be dominant in dry-seeded systems. After seeding rice into a 
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flooded field, a water depth of 4 inches is maintained throughout the season. When late post-
emergence foliar applications are needed, water depth is lowered to expose about two-thirds of 
weed foliage to the herbicide spray, but fields are never completely drained. Watergrass (early 
and late) were the predominant weeds, followed by ducksalad, ricefield bulrush, smallflower 
umbrella sedge, redstem and sprangletop.  
 
For this system, several granular into-the-water herbicide products are available for controlling 
weeds in rice including Bolero, Cerano, Granite, Halomax, Londax, and Shark H2O.  These 
herbicides can be applied early to provide good to excellent control of labelled (target) weeds. As 
they vary in their target weeds (spectrum of weed control), it is useful to combine two of these 
herbicides in a program to offer broad spectrum weed control. 
 
POST-applied (foliar) herbicides are often necessary to achieve excellent weed control in rice. 
The follow-up POST application of herbicides not only extend spectrum of weed control, but 
also may help delay and/or manage herbicide-resistant weeds through overlapping activity on the 
same target weed species. Thus, the choice of POST-applied herbicides is primarily dictated by 
composition of weed species and the presence or absence of resistant weeds. The rice herbicide 
options for the foliar application include Abolish, Clincher, Granite SC, Regiment, RiceEdge, 
Shark H2O, SuperWham or Stam, Halomax and Londax. 

 
a.  Efficacy of Sequential and Herbicide Combinations Programs   
 
All Bolero-based programs, with Bolero applied at the 1 leaf stage of rice (lsr) offered excellent 
control (100%) of watergrass, sprangletop and smallflower umbrella sedge (Table 2). Inclusion 
of SuperWham at 6 qt/A + 1.25% v/v Crop Oil Concentrate (COC) at 1-tiller stage or Regiment 
at 0.8 oz/A + 2% v/v UAN + 0.2% v/v NIS at 4 lsr in this program improved control of 
ducksalad; however, neither of these two programs provided more than 85% control of ricefield 
bulrush. A tank-mix of Granite SC at 2 oz/A and SuperWham at 6 qt/A + 1.25% v/v COC 
applied at 4 lsr maximized (100% control) the control of ricefield bulrush. Although Bolero-
based programs offer excellent control of grasses and ALS- and propanil-resistant smallflower 
umbrella sedge, a substantial level of stand reduction of rice was observed. 
 
Cerano applied at the day of seeding (DAS) provided more than 90% watergrass and sprangletop 
control at 20 DAS (Table 2). A foliar application of SuperWham at 6 qt/A + 1.25% v/v COC at 
1-tiller stage following Cerano provided perfect watergrass control, however, the control of 
ricefield bulrush and smallflower umbrella sedge was poor (less than 75% control) at 40 DAS. 
Cerano followed by a granular application of Shark H2O at 7.5 oz/A plus Londax at 1.66 oz/A or 
Halomax (1.33 oz/A) at 3 lsr then followed by late foliar application of SuperWham at 6 qt/A + 
1.25% v/v COC at 2-tiller stage provided complete control of all the weed species. An alternative 
to this program with similar efficacy was Cerano followed by Granite GR (5 lb/A) at 3 lsr 
followed by a tank-mix of Abolish (1.5 qt/A) + Regiment (0.53 oz/A) with 2% v/v UAN and 
0.2% v/v NIS at 5 lsr. 
 
Granite GR (15 lb/A at 2-3 lsr) offers a broader spectrum of weed control (including ducksalad 
and ricefield bulrush) compared to Bolero and Cerano; however, it lacks efficacy on sprangletop 
and redstem control. While a follow-up foliar application of SuperWham at 6 qt/A + 1.25% v/v 
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COC at 1-tiller stage alone offers overlapping control of some weed species and help controlling 
certain ALS-resistant weeds, it does not control sprangletop and redstem (Table 2). Granite 
followed by a tank-mix application of Abolish (1.5 qt/A) + Regiment (0.53 oz/A) + UAN (2% 
v/v) + NIS (0.2 % v/v) at 5 lsr provided 100% control of sprangletop. An addition of Shark H2O 
(0.53 oz//A at 2.5 lsr) on top of this program maximized the overall weed control (100% control 
of all the weed species including redstem). 
 
The Shark H2O- based programs offer control of ALS- and propanil-resistant sedges (ricefield 
bulrush and smallflower umbrella sedge) and the Bolero-based programs offer control of ALS- 
and propanil resistant smallflower umbrella sedge (Table 2). Programs with a follow-up 
application of a tank mix of Abolish (1.5 qt/A) + Regiment (0.53 oz/A) + 2% v/v UAN  + 0.2% 
v/v NIS at 5 lsr offer control of multiple-resistant watergrass escapes. Another option is to use 
Regiment at the highest label rate (0.8 oz/A) with 2% v/v UAN + 0.2% v/v NIS at the 4 lsr 
(Table 2). For Clincher-resistant sprangletop, a program with granular application of Cerano 
(DOS) or Bolero (1 lsr), followed by a foliar application of Abolish at 5 lsr is recommended. For 
Cerano-resistant sprangletop, Bolero applied at the 1 lsr, followed by a foliar application of 
Clincher (at the 3-4 lsr) is also recommended. 
 
Weed competition reduced rice yield by almost 50% (Table 3). Yield of all herbicide treatments 
was significantly higher than non-treated control. The greatest rice yield was at the treatment of 
RiceEdge applied at 23 DAS, Cerano followed by SuperWham, Cerano followed by Shark + 
Londax + SuperWham, and Granite followed by SuperWham.   
 
b. Butte Herbicide Evaluation 
 
Butte is a granular mixture of benzobicyclon and halosulfuron product developed by Gowan. The 
benzobiclyclon component of Butte adds a new mode of action (HPPD-inhibitor) to the herbicide 
programs in water-seeded rice.  The inclusion of halosulfuron with benzobicyclon broaden weed 
control spectrum that allow controlling several broadleaf weeds.  Butte has good activity on 
sedges such as ricefield bulrush. Butte also is effective on young watergrass seedlings. Rice 
generally tolerant to Butte herbicide, although there was some stunting observed in combinations 
with Cerano. Although Butte provides good broad spectrum weed control, there is great need to 
consider using Butte in combination with other herbicide such Clincher, Cerano, and Granite to 
improve grass weed control at later growth stages.  
 
The objective of this experiment was to evaluate two rates of Butte applied alone and in 
combination with other herbicides (Table 4).   An early POST application of Butte at 1 lsr (7 
days after seeding) provided more than 98% of all weeds including watergrass, ricefield bulrush, 
smallflower umbrella sedge, ducksalad, and monochoria. These applications provided a broad 
spectrum of weed control and offered an exceptional level of crop safety. A follow-up 
application (at 1-tiller stage) of SuperWham + Grandstand (6 pt/A + 6 oz/A + 1.25% v/v COC), 
Granite SC (2.8 oz/A + 1.25% v/v COC), or Regiment (0.67 oz/A + 2.0% v/v UAN + 0.2% v/v 
NIS) provided exceptional control (100% control of all weeds including redstem 40 DAS). While 
stand-alone application of Butte offers excellent weed control in water-seeded rice, a follow-up 
application or an inclusion of a partner granular herbicide will improve weed control.  
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Rice yield was significantly greater in plots treated with Butte compared to untreated check. The 
highest yield was in plots treated by Butte and Granite herbicides (Table 5). 
 
This study showed that Butte at the 1-leaf stage of rice at a rate of 7.5 lb/A of the formulation 
provided excellent sedges and ducksalad control along with a good control of early and late 
water grass. 
 
c. Efficacy of Strada  herbicide applied in a sequential program with Cerano 
 
Strada is a granular formulation of orthosulfamuron (an ALS-inhibiting herbicide) developed by 
Nichino America. Efficacy of Strada was evaluated under a continuous flood in a Cerano-based 
program in a tank mix with SuperWham or Shark H2O applied at 35 days after seeding 
(approximately at 2-tiller stage of rice). Cerano (10 lb/A at DOS) followed by a tank mix of 
Strada (2.1 oz/A) with SuperWham (6 qt/A + 1% v/v COC) or Shark H2O (4 oz/A + 0.25% v/v 
NIS) provided a more than 95% control of watergrass and more than 80% control of ricefield 
bulrush. Smallflower umbrella sedge control was more than 95% with the program containing 
SuperWham (Table 6). 
 
II. Pinpoint system 
 
In this system the field is completely drained during the period of foliar application of herbicide 
(at about the 2-4 leaf stage of rice). The complete drainage of the field is intended to expose 
weed foliage to herbicide, thus allowing the opportunity to achieve the best efficacy. Prevailing 
weeds in this experiment were (in order of relative density) ricefield bulrush, ducksalad, 
watergrass (early and late), smallflower umbrella sedge, redstem and springletop (Table 7). 
  
SuperWham applied alone (6 qt/A + 1.25% v/v COC at 4 lsr to1-tiller stage) provided more than 
97% control of watergrass, ricefield bulrush and smallflower umbrella sedge. SuperWham when 
tank-mixed with Clincher (6 qt/A + 13 oz/A + 2.5% v/v COC at 4 lsr) was effective in 
controlling both watergrass and springletop (Table 7). One week after treatment, a tank-mix of 
Clincher (13 oz/A) and Granite SC (2 oz/A) with 2% v/v COC at 3 lsr provided perfect control of 
all weeds including ducksalad (Table 6). With two follow-up applications of Shark H2O (4 oz/A) 
at 4 lsr and Abolish + Regiment (1.5 qt/A + 0.53 oz/A + 2 % v/v UAN + 0.2% v/v NIS) at 5 lsr 
the overall efficacy of this program was 100% control of all weeds. The addition of Shark H2O 
to the weed management program offers improved efficacy including control of ALS-inhibitor- 
and/or propanil-resistant sedges; whereas the tank- mix application of Regiment + Abolish 
provide a synergism effect on watergrass control and also helps in controlling multiple herbicide-
resistant watergrass. This program offers an excellent ‘reactive’ as well as ‘preventive’ 
herbicide-resistant weed management in rice. 
 
A single application of three-way tank-mix of Clincher (3 oz/A), Granite SC, (2 oz/A), Abolish, 
(1.5 qt/A) with 2.5% v/v COC applied at 2-3 lsr provided 100% control of watergrass and 
sprangletop, and an excellent control of ducksalad, ricefield bulrush, smallflower umbrella sedge 
(Table 7).  This program will not control ALS-resistant ricefield bulrush and thiobencarb-
resistant watergrass populations; however, it is a good alternative for fields with ACCase-
resistant (Clincher-resistant) sprangletop populations. Similar results were obtained when 
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Regiment (0.67oz/A + 2% v/v UAN + 0.2% v/v NIS) or Granite SC (2 oz/A + 2.5% v/v COC) 
were applied at 3-4 lsr followed by a tank mix of SuperWham + Clincher (6 qt/A + 13 oz /A + 
2.5% v/v COC) at 1-tiller stage.  
 
An excellent control of watergrass, sprangletop, ricefield bulrush, and smallflower umbrella 
sedge were achieved by Clincher (13 oz/A + 2.5% v/v COC) alone at 3-4 lsr followed by a tank 
mix of SuperWham + Grandstand (6 qt/A + 8 oz/A + 1.25% v/v COC) at 1-tiller stage or Abolish 
+ SuperWham (1.5 qt/A+ 6 qt/A 1.25% v/v COC) at 3-4 lsr followed by Granite SC (2.8 oz/A + 
2.5% v/v COC) alone at 1-tiller stage (Table 7). Grandstand effectively controls ricefield bulrush 
and redstem, and it is particularly useful when the field has herbicide-resistant populations of 
these weeds. Abolish is a better choice than Grandstand when ducksalad is predominant in the 
field. 
 
In this experiment, weeds reduced grain yield by 50% (Table 8). All herbicide treatments, 
however, significantly increased rice yield compare to untreated check. The greatest yield was at 
Granite SC followed up by Clincher + SuperWham where yield was 10,368 lb/A.  
 
III. Drill-Seeded Rice 

 
Drill-seeded system offers flexibility for herbicide use when rice field is in a proximity to 
sensitive crops that imposes restrictions on aerial applications.  Drill seeding system favors 
weeds adapted to dryland seedbeds (sprangletop and barnyardgrass) and is less favorable for 
aquatic species (ricefield bulrush, ducksalad, redstem).  Thus dry seeding is useful when it 
interrupt the water-seeded systems when the pressure of aquatic weeds becomes problematic. 
Typically a period of three to four weeks elapses between the first flush and permanent flooding 
in drill-seeded rice system. During this period weeds adapted to dryland seedbeds such as 
barnyardgrass, sprangletop, and watergrass become established, whereas aquatic weeds such as 
ricefield bulrush, ducksalad, and redstem are less favored or eliminated. In 2015 experiments the 
prevailing weeds were the Echinochloa complex (early and late watergrass, and barnyardgrass), 
smallflower umbrella sedge and sprangletop.  
 
Abolish and Prowl are valuable residual herbicides which provide early weed control up to the 
start of permanent flood. Both herbicides suppress watergrass and barnyardgrass; however 
Abolish is more active on smallflower umbrella sedge than Prowl (Table 9).  Regular flushing 
before permanent flood activates these herbicides and also helps in the establishment of rice 
plants. For a delayed pre-emergence application (DPRE) of these herbicides, the rice seed is first 
drilled into dry soil, the field is then flushed once and herbicides were applied onto a moist soil 
surface. As these pre-emergent herbicides do not provide complete control of weeds, one or two 
foliar applications of herbicides/herbicide mixtures on emerged weeds are necessary.  
 
The DPRE application of Prowl (2 pt/A) provided 62% control of Echinochloa species and 31% 
control of smallflower umbrella sedge. Abolish (1.5 qt/A) was less effective on Echinochloa 
species (43% control) than Prowl; however it was exceptionally effective to control smallflower 
umbrella sedge (Table 9). 
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All the foliar applications that followed DPRE treatment of Prowl provided excellent control of 
smallflower umbrella sedge (98 to 100% control). A foliar application of SuperWham (6 qt/A 
2% v/v COC) alone following Abolish or Prowl application improved control of Echinochloa 
species (85 to 90%) compared to prowl applied alone; however, the control was not adequate. 
The DPRE application followed by a tank-mix of Abolish + Regiment (1.5 qt/A + 0.53 oz/A + 
2.0% v/v UAN + 0.2% v/v NIS) at 5 lsr greatly improved Echinochloa control (Table 9). Foliar 
applications of Prowl + SuperWham + Clincher (2 pt/A + 4 qt/A + 13 oz/A + 2.5% v/v COC) at 
3 lsr and Shark H2O (4 oz/A) at 4 lsr following the DPRE application provided excellent control 
(98 to 100%) of Echinochloa species. In this program, the second application of Prowl 
suppresses Echinochloa emergence for extended period whereas the tank-mix application of 
SuperWham and Clincher provide overlapping efficacy on emerged barnyardgrass and 
watergrass. Shark H2O supplements SuperWham for controlling smallflower umbrella sedge 
(including propanil-resistant biotypes). This is an intensive program for controlling Echinochloa 
and sedges, thus, it is particularly suitable for controlling herbicide-resistant populations of 
grasses and sedges. Similar levels of weed control may be achieved without Shark H2O when 
Abolish is used as a DPRE application, and Echinochloa and smallflower umbrella sedge are 
susceptible. Use of Abolish and Prowl in alternate years will add to delaying evolution of 
resistant Echinochloa species. All herbicide programs increase rice yield by two-fold compared 
to nontreated control except when Abolish applied alone where yield increased only by 40% 
(Table 10).  
 
Objective 2.  Test new compounds that address critical weed control issues in California rice 
cropping systems to ensure that they are efficacious compatible, and useful for California rice 
production.   

Five separate experiments were conducted evaluated different formulation, adjuvant and new 
active ingredients in continuous flood system. Summary of the results are below: 
 
a. New Butte formulation 
 
Study was conducted to evaluate a new formulation of Butte that is more rapidly release in 
water. The new formulation slightly improves early and late watergrass control compares the 
current Butte formulation. The new formulation, however, provided equal control of ducksalad, 
bulrush and Smallflower umbrellasedge to the Butte formulation (data not shown). In addition, 
the new formulation was as safe as the current formulation on rice. Grain yield from plots 
treatment with new Butte formulation was equal to yield from current Butte formulation. 
 
b. RiceEdge 
 
RiceEdge 60 DF is a formulation of propanil plus halosulfuron from RiceCo LLC for use in rice 
as a better alternative to SuperWham (propanil alone) as cleanup treatment. We tested RiceEdge 
under both continuous and pinpoint flood systems. RiceEdge provided good to excellent control 
of grasses, sedges and broadleaf weeds when applied at 5-leaf stage of rice. Substantial reduction 
in weed control was evident when RiceEdge was applied at 3-tiller stage in both flood systems 
and pinpoint system (Table 7). 
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c. NAI-1777 
 
NAI-1777 is a granular formulation of 1.8% pyraclonil (a PPO inhibitor) from Nichino America, 
Inc. This herbicide has similar mode of action to Shark. A rate and timing study of NAI-1777 in 
continuously-flooded rice showed that NAI-1777 has excellent activity on sedges including 
Rice-field bulrush and smallflower umbrella sedge. It also has good activity on ducksalad. In 
addition, NAI-1777 provides excellent crop safety when applied at 1 leaf stage of rice at a rate as 
high as 14.9 lb/A of the formulated product (data not shown). We will continue to work Nichino 
America, Inc for further testing in 2016.   
 
d. NAI-1444 
 
NAI-1444 is an experimental granular formulation of 2.5% ipfencarbazone (tetrazolinone, 
VLCFAs inhibitor) from Nichino America, Inc. This herbicide has similar mode of action to 
metolachlor (Dual). NAI 1444 tested under continues flood rice system showed a good activity 
on early and late watergrass. It also has good activity on smallflower umbrella sedge. At 10 lb/A 
(the formulation has 2.5% ai), it also control 97% of early watergrass and 87% of smallflower 
umbrella sedge. The herbicide has good crop safety on rice (data not shown).  
 
e. OR-009 (non-ionic surfactant by Oro-Agri)  
 
Under a continuous flood, SuperWham (6 qt/a) was applied alone or with OR-009 at different 
concentrations at the 1-2 tiller stage of rice.  OR-009 slightly improved early watergrass and 
bulrush (data not shown).  In addition, smallflower umbrella sedge and ducksalad control with 
SuperWham applied with OR-009 was equal to SuperWham applied alone. The addition of OR-
009 to SuperWham tank mix may improve weed control, however, further research is need to 
optimize the OR-009 application with SuperWham or other foliar applied herbicides.  
 
 
3. Develop management alternatives by integrating agronomical and cultural practices to 

improve weed control, minimize costs, and reduces environmental impacts.   

 
a. Weed germination, emergence and growth models 
 
To establish appropriate timing of weed control interventions under variable field conditions, it is 
necessary to be able to predict the dynamics of weed germination and emergence under these 
conditions. The population-based threshold models (PBTM) combine information about 
irrigation method and soil temperature to provide species-specific emergence and growth curves, 
allowing growers to better time application of herbicides and manage weeds using cultural 
controls. Our updated model and validation work for smallflower umbrella sedge and ricefield 
bulrush are in their final stages, and publications on the field-validated models are expected 
within the next six months.  
 
b. Weed population dynamics in alternative irrigation systems 
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Due to looming water resource issues in California, we have also been evaluating the dynamics 
of weed emergence in alternative irrigation systems. We have been evaluating three systems: i) 
Water-Seeded Alternate Wet and Dry (WS-AWD):  flooded for initial seeding by air, and until 
canopy closure of the rice, subsequently allowed to drain and then flushed again when 
Volumetric Water Content (VWC) reached 35%; ii) Drill-Seeded Alternate Wet and Dry (DS-
AWD): drill-seeded, then flushed again when VWC reached 35%; and iii) Water-Seeded 
Conventional (WS-Control): permanent flood of 10-15 cm, which was maintained until the field 
was drained approximately one month prior to harvest. Evaluations of weed dynamics in these 
systems are in their final stages, and publications are expected in the near future. 
 
 
4. Study mechanism of herbicide resistance in weeds and identify programs to manage 

resistant biotypes, provide diagnosis services to growers and PCA to confirm cross/multiple 
resistance in rice fields, and mapping the spread of resistance in the rice production areas 
in California. 

 
a. A psbA Mutation (Val219 to Ile) entails resistance to propanil and increased susceptibility to 

bentazon in smallflower umbrella sedge (Cyperus difformis). 
 
Propanil-resistant (R) smallflower umbrella sedge populations were confirmed in Californian 
rice fields. To date, propanil resistance in other weed species has been associated with enhanced 
aryl acylamidase (AAA)-mediated propanil conversion into 3,4-dichloroaniline. Our objectives 
were to determine the level of propanil resistance and cross-resistance to other PSII inhibitors in 
smallflower umbrella sedge lines, and to elucidate the mechanism of propanil resistance. 
 
The propanil- Resistant line tested had a 14-fold increase in propanil resistance (Figure 1) and 
also increased resistance to bromoxynil, diuron and metribuzin, but not to atrazine (Figure 2). 
The propanil-resistant line, however, displayed a fourfold increased susceptibility to bentazon 
(Figure 3). Interestingly, susceptible plants accumulated more 3,4-dichloroaniline and were more 
injured by applications of carbaryl (AAA-inhibitor) followed by propanil than resistant plants, 
suggesting elevated propanil metabolism is not the resistance mechanism (Table11 and 12). 
psbA gene sequence analysis indicated a valine-219-isoleucine (Val219Ile) amino acid exchange 
in the propanil-R chloroplast D1 protein (Table 13). 
 
Because of the high susceptibility of propanil-resistance smallflower umbrella sedge to bentazon 
(Basagran), a field study was conducted to evaluate the efficacy of different rates of bentazon 
applied alone or in combination with SuperWham.  Bentazon provided excellent control of 
smallflower umbrella sedge and bulrush that (Table 14). However, the study was conducted on 
propanil-susceptible biotype which may underestimate the benefit of bentazon as a tool to 
control resistant biotype. In addition, Bentazon did not provide adequate control of ducksalad. 
Bentazon did not provide any watergrass control and that was not surprising since bentazon is a 
broadleaf weed control herbicide. 
 
 
b. Resistance to propanil in ricefield bulrush (Schoenoplectus mucronatus) is endowed by a 

psbA mutation, Val219 to Ile 
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Ricefield bulrush resistance to propanil was similar to smallflower umbrella sedge (data not 
shown). Propanil-resistant ricefield bulrush displayed increased susceptibility to the PSII 
inhibitor bentazon. The resistance mechanism was due to the Val219Ile point mutation of the D1 
protein that allow for enhanced bentazon binding at the target site, while the binding affinity of 
propanil, bromoxynil, metribuzin, and diuron are negatively affected (data not shown). Propanil 
and bentazon mixtures can thus be used for efficient control of both propanil-resistant and –
susceptible ricefield bulrush, especially in a scenario where lower application rates are employed 
to exploit the weeds’ increased susceptibility to bentazon and diminish risks of groundwater 
contamination. 
 
c. Weed resistance to acetolactate (ALS)-inhibiting herbicide 

 
Several ALS-inhibiting herbicides such as Londax (bensulfuron), Regiment (bispyribac), Granite 
(penoxsulam), Strada (orthosulfamuron), and imazosulfuron (component of the League MVP) 
are used in California rice fields to control sedges and broadleaf weeds. These herbicides belong 
to three different chemistries including pyrimidinylthiobenzoates, sulfonylureas, and 
triazolopyrimidines. These herbicides exert strong selection pressure because of their high 
activity on sensitive biotypes resulting in ALS-resistant weeds. Several point mutations within 
the gene encoding ALS can result in an herbicide-resistant. From investigations of numerous 
resistant weed biotypes, five conserved amino acids have been identified in ALS that, on 
substitution, can confer resistance to ALS inhibitors. Research has shown that different ALS 
gene mutation may lead to different response to ALS chemistries. For example, the mutation at 
the site Pro197 to ser and Ser653 to asn in the ALS gene may lead in resistance to sulfonylureas 
and triazolopyrimidines whereas the mutation at Pro196 to ala and Trp574 to leu will cause 
resistance to sulfonylurea. We have initiated a research to investigate response of ALS-resistance 
smallflower umbrella sedge and bulrush to different ALS-inhibiting herbicide and determine the 
molecular mechanisms of resistance.   We are also exploring similar project on Echinochloa 
complex. The results of these projects will help growers managing ALS-resistant weeds. If the 
mutation cause resistant to one chemistry then growers may use different ALS chemistry to 
control these resistant weeds.  
 
d. Assistant California growers to confirm herbicide resistance in their fields. 

 
Testing of suspected herbicide resistant weeds in grower fields is underway in the greenhouse at 
the Rice Experiment station. Approximately 80 samples were collected by growers and PCA that 
include barnyardgrass, early and late water grass, smallflower umbrella sedges, springletop, 
ricefieldbullrush, and redstem.  This year we will follow different testing procedure. In the past 
we tested only against the herbicide that failed to control the weed. In the new testing, we will 
test the response of the weed to several herbicides to give growers herbicide options and 
recommendations if they have resistance in their fields. For each weed species the following 
herbicides will be tested: 
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 Weed Herbicides to be tested 
Echinochloa species complex Thiobencarb, clomazone,  cyhalofop,  propanil,  

bensulfuron,  bispyribac, and penoxulam 
Smallflower umbrella sedge Thiobencarb,  propanil, bensulfuron,  

bispyribac,  penoxsulam, and carfentrazone  
Ricefield Bulrush Propanil, bensulfuron, bispyribac, penoxsulam,  

carfentrazone,  and triclopyr  
Redstem Bensulfuron,  penoxsulam,  triclopyr 
Sprangletop Thiobencarb, clomazone, cyhalofop 
 

PUBLICATIONS OR REPORTS: 

Brim-DeForest, W., K. Al-Khatib, and A. J. Fischer. 2016. Modeling growth of Echinochloa 
phyllopogon (late watergrass) in California rice. Proceeding of Weed Science Society of 
America.  

Al-Khatib, K. 2016. Optimizing weed management program in rice: challenges and 
opportunities. Proceeding of California Weed Science Society. 

Galla, M., K. Al-Khatib and B. D Hanson. 2016.  Effect of simulated rice herbicide drift rates on 
walnuts. Proceeding of California Weed Science Society. 

Fischer, A. J., Abdallah, R. Alarcón-Reverte, K. Al-Khatib, and  R. M.  Pedroso.2016. Target-
site resistance to propanil in smallflower umbrella sedge and ricefield bulrush from California 
rice: implications for management. Proceeding of California Weed Science Society. 

Pedroso, R.M., K. Al-Khatib, R. Alarcón-Reverte, I. Abdallah, and A. J. Fischer. 2016. 
Resistance to propanil (PSII) in Cyperus difformis and Schoenoplectus mucronatus is endowed 
by target-site alterations. Proceeding of International Weed Science Society. 

Pedroso, R.M., K. Al-Khatib, R. Alarcón-Reverte, and A. J. Fischer. 2016. A psbA Mutation 
(Val219 to Ile) Entails Resistance to Propanil and Increased Susceptibility to Bentazon in 
Cyperus difformis. J. Pest Management, submitted for publication, 

GENERAL SUMMARY OF CURRENT YEAR”S RESULTS 

Research was conducted to develop effective weed management programs in three rice systems 
including continuous flooded rice, partially flooded rice (pinpoint) and drill seeded rice. Testing 
of herbicide programs in continuous flood, pinpoint, and drilled rice showed that several 
herbicide combinations can give near perfect weed control with great crop safety.  Cerano, 
Abolish, and Regiment based programs provided exceptional weed control, however, some rice 
injury was observed from Cerano based program.  We also tested a new active ingredient, 
benzobicyclon, formulated together with halosulfuron as a granule, that Gowan Company is 
currently pursuing a registration in California rice. Benzobicyclon is very effective on sedges, 
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particularly ricefield bulrush and smallflower umbrella sedge. In addition, benzobicyclon plus 
halosulfuron provided good grass seedlings control.  Furthermore, the benzobicyclon + 
halosulfuron granule provided good broad-spectrum control, especially when applied with 
Granite, SuperWham, or Grandstand.  Phytotoxicity of benzobicyclon plus halosulfuron was 
generally low and rice showed good tolerance to benzobicyclon plus halosulfuron.  We also 
tested RiceEdge 60 DF a new formulation of propanil plus halosulfuron from RiceCo LLC. The 
combination provided good to excellent control of grasses, sedges and broadleaf weeds when 
applied at 5-leaf stage of rice. Several of the herbicide combinations tested in our 2015 research 
are effective on herbicide resistant weeds.  

NAI-1777 is a granular formulation of 1.8% pyraclonil (a PPO inhibitor) from Nichino America, 
Inc. This herbicide has similar mode of action to Shark. A rate and timing study of NAI-1777 in 
continuously-flooded rice showed that NAI-1777 has excellent activity on sedges including 
ricefield bulrush and Smallflower umbrella sedge. It also has good activity on ducksalad. In 
addition, NAI-1777 provides excellent crop safety when applied at 1 leaf stage of rice at a rate as 
high as 14.9 lb/A of the formulated product.  

Propanil-resistant smallflower umbrella sedge and ricefield bulrush populations were confirmed 
in Californian rice fields. The propanil-Resistant lines of smallflower umbrella sedge and 
ricefield bulrush had a 14-fold increase in propanil resistance. The propanil-resistant line, 
however, displayed a fourfold increased susceptibility to bentazon. Susceptible plants 
accumulated more 3,4-dichloroaniline and were more injured by applications of carbaryl (AAA-
inhibitor) followed by propanil than resistant plants, suggesting elevated propanil metabolism is 
not the resistance mechanism. psbA gene sequence analysis indicated a valine-219-isoleucine 
(Val219Ile) amino acid exchange in the propanil-R chloroplast D1 protein. 

We have been testing approximately 80 suspected herbicide resistant weed populations that were 
collected by growers and PCA including barnyardgrass, early and late watergrass, smallflower 
umbrella sedges, springletop, ricefield bulrush, and redstem.  This year we will follow different 
testing procedure. In the past we tested only against the herbicide that failed to control the weed. 
In the new testing, we will test the response of the weed to several herbicides to give growers 
herbicide options and recommendations if they have resistance in their fields.  

As always, both our field and lab program seeks to assist California rice growers in their critical 
weed control issues of preventing and managing herbicide-resistant weeds, achieve economic 
and timely broad-spectrum control and comply with personal and environmental safety 
requirements.   

 

        



Project NO. 1 

Table 1. Herbicides used and their active ingredient 
 
Herbicide                % ai   lb ai/gal 
 
Abolish 8EC (thiobencarb)    84   8.0 
Bolero Ultramax (thiobencarb)   15   NA 
Butte (benzobicyclon + halosulfuron)  3 + 0.64  NA 
Cerano 5 MEG (clomazone)    5   NA 
Clincher CA (cyhalofop-butyl)   29.6   2.4 
Grandstand (triclopyr)     44.4   3.0 
Granite GR (penoxsulam)    0.24   NA 
Granite SC (penoxsulam)    24   2.0 
Halomax 75 (halosulfuron)    75   NA 
Londax (bensulfuron-methyl)    60   NA 
Prowl H2O (pendimethalin)    42.6   3.8 
Regiment (bispyribac-sodium)   80   NA 
RiceEdge (propanil + halosulfuron)   60 + 0.64  NA  
Sandea (halosulfuron)     75   NA 
Shark H2O (carfentrazone)    40   NA 
Strada CA (orthosulfamuron)    50   NA 
SuperWham! CA (propanil)       41.2   4.0  
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Table 3. Yield of continuous flood rice experiment as affected by herbicide treatments applied in 
2015. 

 
Treatment Rate (per acre) Timing Grain yield (Ib/A) 
Weedy control   4,634 e 
Granite GR 
Abolish + Regiment + UAN + NIS 

15 lb 
1.5 qt + 0.53 oz + 2% + 0.2% 

3 lsr 
5 lsr 

9,275 abc* 

Cerano 
Granite GR 
Abolish + Regiment + UAN + NIS 

12 lb 
15 lb 
1.5 qt + 0.53 oz + 2% + 0.2% 

DOS 
3 lsr 
5 lsr 

8,019 cd 

Cerano  
Butte 
Abolish + Regiment + UAN + NIS 

12 lb 
7.5 lb  
1.5 qt + 0.53 oz + 2% + 0.2% 

DOS 
1 lsr 
5 lsr 

7,755 cd 

Bolero 
Regiment + UAN + NIS 

23 lb 
0.8 oz + 2% + 0.2% 

1 lsr 
4 lsr 

8,600 bcd 

Shark 
Abolish + Regiment + UAN + NIS 

7.5 oz  
1.5 qt + 0.53 oz + 2% + 0.2% 

1 lsr 
5 lsr 

9,446 abc 

Granite GR + Shark 
Abolish + Regiment + UAN + NIS 

15 lb + 7.5 oz 
1.5 qt + 0.53 oz + 2% + 0.2% 

4 lsr 
5 lsr 

9,045 bcd 

Cerano  
Shark 
Abolish + Regiment + UAN + NIS 

12 lb 
7.5 oz 1.5 qt + 0.53 oz + 2% + 
0.2% 

DOS 
1 lsr 
5 lsr 

8,503 bcd 

Bolero 
SuperWham + COC 

23 lb 
6 qt + 1.25% 

1 lsr 
1 Til 

7,443 d 

Cerano  
SuperWham + COC 

12 lb 
6 qt + 1.25% 

DOS 
1 Til 

10,136 ab 

Granite  
GR SuperWham + COC 

15 lb 
6 qt + 1.25% 

2 lsr 
1 Til 

10,020 ab 

RiceEdge 10 lb + 1.25% 23 DAS 10,925 a 
RiceEdge 10 lb + 1.25% 41 DAS 8,134 cd 
Cerano 
Shark + Londax  
SuperWham + COC 

12 lb 
7.5 oz + 1.66 oz  
6 qt + 1.25% 

DOS 
4 lsr 
2 Til 

10,114 ab 

Cerano 
Shark + Halomax  
SuperWham + COC 

12 lb 
7.5 oz + 1.33 oz  
6 qt +1.25% 

DOS 
4 lsr 
2 Til 

9,050 bcd 

Granite GR + Shark  
Clincher 
Shark + SuperWham + COC 

15 lb + 7.5 oz 
13 oz 
4 oz + 6 qt + 1.25% 

4 lsr 
1Til 
1 Til 

9,363 abc 

 
DOS = day of seeding rie; DAS, days after seeding rice; lsr = leaf stage of rice, Til = tiller of rice  
*Means followed by same letter do not significantly differ (P=.05) 
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Table 4. Evualtion of Butte herbicide in continous Flood rice system in 2015 
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Table 5. Yield of continuous flood rice experiment as affected by Butte herbicide applied alone 
or in combination with other herbicide in2015. 

 
lsr = leaf stage of rice, Til = tiller of rice  
COC = Crop oil concentrate; NIS = Non-ionic surfactant; UAN = Urea ammonium nitrate. 
Concentration of all these adjuvants was based on % v/v at20 gallons per acre spray volume. 
*Means followed by same letter do not significantly differ (P=.05)

Herbicide Program Rate (per acre) Timing Yield (lb/A) 
Untreated control   3,950 b 
Butte 7.5 lb 1 lsr 8,330 a  
Butte 9 lb 1 lsr 9,557 a 
Butte 
Grandstand + SuperWham + COC 

7.5 lb  
6 oz + 6 qt + 1.25% 

1 lsr 
1 Til 

7,633 a 

Butte 
Granite SC + COC 

0.53 oz + 2% + 0.2% 
2.8 oz + 1.25 

1 lsr 
1 Til 

10,090 a 

GWN-9796 + Sandea 57 oz + 1 1 lsr 8,950 a 
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Table 6. Strada herbicide efficacy as affected by herbicide partner in continuous Flood rice.  
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Table 7. Evualtion of herbicide program for water-seeded rice (pinpoint) system. 
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Table 8. Grain yield as affected by herbicide treatments in pinpoint rice cropping system in 2015. 
 

 
DAS, days after seeding rice; lsr = leaf stage of rice, Til = tiller of rice  
COC = Crop oil concentrate; NIS = Non-ionic surfactant; UAN = Urea ammonium nitrate. Concentration 
of all these adjuvants was based on % v/v at 20 gallons per acre spray volume. 
*Means followed by same letter do not significantly differ (P=.05)

Herbicide Program Rate (per acre) Timing Yield (lb/A) 
Untreated control   5,581 d 
RiceEdge 10 Ib 23 DAS 8,557 b 
RiceEdge 10 Ib 41 DAS 6,684 c 
Clincher + Granite SC 
Shark 
Abolish + Regiment +UAN 
+NIS 

13 oz + 2 oz 
4 oz 
1.5 qt + 0.53 oz + 2% + 0.2% 

3lsr 
4lsr 
5lsr 

10,144 a 

SuperWham + COC 6 qt + 1.25% 1 Til 10,227 a 
Clincher + SuperWham + COC 13 oz + 6 qt + 1.25% 4 lsr 9,591 a 
Regiment + UAN + NIS  
Clincher + SuperWham + COC 

0.67 oz + 2% + 0.2% 
13 oz + 6 qt + 1.25% 

4 lsr 
1 Til 

9672 a 

Granite SC 
Clincher + SuperWham + COC 

2 oz 
13 oz + 6 qt + 1.25% 

3 lsr 
1 Til 

10,368 a 

Abolish + SuperWham + COC 
Granite SC + COC 

1.5 qt + 4 qt + 1.25% 
2.8 oz + 2.5% 

4 lsr 
1 Til 

9,961 a  
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Table 9. Weed control as affected by herbicide treatment in drill-seeded rice in 2015 
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Table 10. Grain yield as affected by herbicide treatments in drill-seeded rice cropping experiment in 

2015. 
DAS, days after seeding rice; lsr = leaf stage of rice, Til = tiller of rice  
COC = Crop oil concentrate; NIS = Non-ionic surfactant; UAN = Urea ammonium nitrate. Concentration 
of all these adjuvants was based on % v/v at 20 gallons per acre spray volume. 
*Means followed by same letter do not significantly differ (P=.05) 
  

Herbicide Program Rate (per acre) Timing Yield (lb/A) 
Untreated control   4102 d* 
Prowl 2 pt DPRE 7,639 b 
Abolish 1.5 qt DPRE 5,719 c 
Prowl 
SuperWham + COC 

2 pt 
6 qt + 1.25% 

DPRE 
3.5 lsr 

9,455 a 

Abolish  
SuperWham + COC 

1.5 qt  
6 qt + 1.25% 

DPRE 
3.5 lsr 

9,204 a 

Prowl 
Basagran + SuperWham + COC 

2 pt 
2 pt + 4 qt + 1.25% 

DPRE 
3.5 lsr 

8,939 a 

Halomax + Prowl 1.33 oz +  2 pt DPRE 8,460 ab 
Prowl 
Abolish + Regiment  + UAN + NIS 

2 pt 
1.5 qt + 0.53 oz + 2% + 0.2% 

DPRE 
5 lsr 

9,441 a 

Abolish 
Abolish + Regiment  + UAN + NIS 

1.5 qt  
1.5 qt + 0.53 oz + 2% + 0.2% 

DPRE 
5 lsr 

9,292 a 

Abolish 
Clincher + Granite SC + Prowl + COC  
Shark 

1.5 qt  
15 oz + 2 oz + 2 pt + 2.5% 
4 oz 

DPRE 
2.5 lsr  
4 lsr 

9,247 a 

Prowl 
Clincher + Granite SC + Prowl + COC 
Shark 

2 pt 
15 oz + 2 oz + 2 pt + 2.5% 
4 oz 

DPRE 
2.5 lsr  
4 lsr 

9,683 a 

Abolish 
Clincher + Prowl + SuperWham + 
COC Shark 

1.5 qt  
13 oz + 2 pt + 4 qt + 2.5% 
4 oz 

DPRE 
3.5 lsr  
4 lsr 

9,542 a 

Prowl 
Clincher + Prowl + SuperWham + 
COC Shark 

2 pt 
13 oz + 2 pt + 4 qt + 2.5% 
4 oz 

DPRE 
3.5 lsr  
4 lsr 

9,461 a 

Abolish 
Basagran + SuperWham + COC 

1.5 qt  
2 pt + 4 qt + 1.25% 

DPRE 
4 lsr 

9,089 a 
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Table 11. Herbicide rates (g a.i. ha-1) for 50% growth reduction (GR50) and 50% plant mortality (LD50) of 
propanil-resistant (Cd-PR) and –susceptible (Cd-PS) Cyperus difformis lines, as affected by propanil 
applied alone or after carbaryl. 
 

Treatment Line GR
50  

± SE R/S  
GR50 ratio 

LD
50  

± SE R/S  
LD50 ratio 

Propanil Cd-PR 30,269 ± 9,883 14.2 74,162 ± 7,010 18.1 
Cd-PS 2,134 ± 901 4,089 ± 328 

Carbaryl fb 
Propanil 

Cd-PR 21,882 ± 6,819 21.9 43,200 ± 4,979 27.1 
Cd-PS 996 ± 420 1,596 ± 80 

 

Table 12. Propanil and 3,4-dichloroaniline (3,4-DCA) concentrations (ng/mg of lyophilized tissue) in 
aboveground biomass samples of propanil-resistant (Cd-PR) and -susceptible (Cd-PS) lines at 6 and 72 
hours after treatment (HAT).  

Treatment Line Propanil ± SE* 3,4-DCA ± SE 
6HAT 72HAT 6HAT 72HAT 

Propanil Cd-PR 301.9 ± 39.2 159.5 ± 27.6 0.14 ± 0.06 0.29 ± 0.08ab 

Cd-PS 429.9 ± 79.7 445.8 ± 132.4 0.26 ± 0.04 0.74 ± 0.2a 

Carbaryl fb 
Propanil 

Cd-PR 369.8 ± 11.9 267.8 ± 50.2 0.13 ± 0.03 0.14 ± 0.03b 
Cd-PS 413.5 ± 129.8 459.4 ± 88.3 0.16 ± 0.03 0.3 ± 0.09ab 

P-values 0.83 0.07 0.16 0.01* 
*Means were compared using Tukey’s test, and significantly different means (P<0.05) are indicated 
by different letters within a column. SE = Standard error.  

 

 Table 13. psbA cDNA nucleotide sequence isolated from propanil-susceptible (Cd-PS, top) and –resistant 
(Cd-PR) lines of Cyperus difformis, and deduced amino acids. A valine to isoleucine modification at 
position 219 is highlighted. 

Amino acid number 210 211 212 213 214 215 216 217 218 219 220 

Cd-PS 

Consensus sequence CTA TTC AGT GCT ATG CAT GGT TCT TTG GTA ACC 

Deduced amino acid Leu Phe Ser Ala Met His Gly Ser Leu Val Thr 

Cd-PR 

Consensus sequence CTA TTC AGT GCT ATG CAT GGT TCT TTG ATA ACC 

Deduced amino acid Leu Phe Ser Ala Met His Gly Ser Leu Ile Thr 
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 Table 14. Watergrass (early and late), sedges (smallflower umbrella sedge and ricefield bulrush), 
and ducksalad control as affected Basagran and SuperWham applied alone or in combination in 
pinpoint rice system in 2015. Treatments were applied at 3.5 leaf stage of rice. 
 
 

*Means followed by same letter do not significantly differ (P=.05) 
  

Herbicide  Rate Watergrass 
control (%) 

Sedges  
Control (%) 

Ducksalad 
Control (%) 

Yield (lb/A) 

Untreated  0 c 0 b 0 c 6,510 
Basagran 0.5 pt 0 c 98 a 0 c 7,480 
Basagran 1.0 pt 0 c 98 a 9 c 7,054 
Basagran 1.5 pt 0 c 95 a 38 abc 7,156 
Basagran 2 pt  0 c 96 a 38 abc 7,219 
Basagran 3pt 0 c 94 a 82 a 8,331 
SuperWham 1 qt 78 ab 100 a 29 bc 8,378 
SuperWham 2 pt 70 a 98 a  14 c 7,630 
SuperWham 3 qt 95 b 95 a 26 bc 7,805 
SuperWham 4 qt 98 a 95 a 19 c 7,213 
SuperWham 6 qt 98 a 96 a 33 abc 6,567 
Basagran +  SuperWham 0.5 + 1 qt 100 a 96 a 51 abc 8,039 
Basagran +  SuperWham 1 pt + 2 pt 98 a 98 a 38 abc 7,545 
Basagran +  SuperWham 1.5 pt + 3 qt 95 a 90 a 44 abc 7,961 
Basagran +  SuperWham 2 pt + 4 qt 98 a 91 a 74 ab 7,861 
Basagran +  SuperWham 3 pt + 6 qt 99 a 90 a 79 a 7,016 
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Figure 1. Dry biomass (A) and plant survival (B) of propanil-susceptible (Cd-PS; ●) and-resistant (Cd-

PR;    ) Cyperus difformis lines, as affected by propanil rates 15 days after treatment under greenhouse 

conditions. Data were fitted to the three-parameter log-logistic model, y = d∕1 + exp {b [log (x) − log 

(GR50)]}. Symbols represent mean dry biomass (A) or plant survival (B) of eight replicates, each 

containing 4 plants; vertical bars represent the standard error around the mean. Resistance index was 

calculated as the ratio between Cd-PR to Cd-PS GR50 (rate for 50% growth reduction) or LD50 (50% lethal 

dose), as indicated in A and B, respectively.  

  

Resistance 
Index = 14.2 
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Figure 2. Dry biomass of propanil-resistant (Cd-PR, striped columns) and –susceptible (Cd-PS, gray 

columns) Cyperus difformis lines after treatment with atrazine (A), bromoxynil (B), diuron (C), or 

metribuzin (D). Columns represent mean biomass weight of eight replicates, each containing 4 plants, 

whereas vertical bars are the standard error around the mean. One or two asterisks indicate means are 

statistically different at P≤0.05 or P≤0.01, respectively, using the t-test.     
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Figure 3.  Propanil-resistant (Cd-PR,    ) and –susceptible (Cd-PS, ●) Cyperus difformis shoot dry weight 

(A) and plant survival (B) as affected by bentazon at 7 increasing rates, 15 days after treatment under 

greenhouse conditions. Data were fitted to three-parameter log-logistic model y = d∕1 + exp {b [log (x) − 

log (GR50)]}. Symbols represent mean dry weight (A) or plant survival (B) of eight replicates, each 

containing 4 plants; vertical bars represent the standard error around the mean. R/S were computed as 

resistant to susceptible GR50 (rate for 50% growth reduction) or LD20 (20% lethal dose).  

 

Biomass (A) 

GR50 (Cd-PS) = 231 ± 69 
GR50 (Cd-PR) = 974 ± 234 
R/S GR50 = 0.24 

LD20 (Cd-PR) = 874 ± 39 
LD20 (Cd-PS) = 4,494 ± 59 
         R/S LD20 = 0.18 

Plant Survival (B) 


