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First, test the performance of these systems at a grower field scale and identify the key 
constraints to management at this scale.   
 
Second, identify the ability of these systems to control herbicide resistant weeds across a 
range of management practices, soils and climates. 
 
Third, identify appropriate nutrient management practices for these systems based on 
results from different soils in the Sacramento Valley region. 
 

Fourth, develop and disseminate best management practices for these systems 
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Managing Herbicide Resistance using Alternative Rice Stand Establishment Techniques. 
 
Summary: 
 
Five alternative stand establishment techniques were employed for four consecutive years.  
These systems highlighted the advantages of each in the shift of the weed seedbanks throughout 
the years.  This season, the techniques were switched to take advantage of the impact the new 
system would have on weed recruitment and the established seedbank.  Water seeded systems 
tend to favor aquatic weeds while dry or drill seeded systems tend to favor aerobic/dryland 
weeds.  Added to the two basic techniques is the use of a stale seedbed where weeds are 
encouraged to germinate prior to seeding the crop then eliminated with a total herbicide like 
glyphosate (“stale seedbed” technique).  This dramatically reduces the weed pressure on the crop 
as long as the soil surface is not disturbed after the stale seedbed glyphosate application.   
 
This year, plots from this experiments received alternative treatments to validate the potential of 
shifting aerobic and anaerobic stand establishment, and the value of implementing a stale 
seedbed with glyphosate to deplete fields from all kinds of herbicide resistant weeds.  Thus, plots 
where rice had been conventionally water seeded were heavily infested with aquatic weeds.   
Weeds almost disappeared from these plots when rice was drill seeded (no-till) following a stale 
seedbed with Roundup.  Plots with heavy barnyardgrass and sprangletop infestations after 4 
years of drill seeding rice were switched to water seeding after a stale seedbed with Roundup 
without any spring tillage and again, weeds were almost absent from these plots as a result of the 
change in rice establishment method.  All this was achieved without any additional herbicide 
applied besides the Roundup.  Herbicides can still be applied if 100% weed control is desired 
and to prevent seed set by late emerging weeds.  Alternating rice establishment systems from 
aerobic (dry seeding) to anaerobic (water seeding) regimes (and vice versa) combined with the 
use prior to seeding of a total non-selective herbicide for which resistance does not yet exist in 
weeds of rice (such as Roundup or other) allows for a major reduction of herbicide resistant 
weed infestations in rice and of the overall herbicide use and associated costs. Yields were not 
different across treatments.  Except for the rotation from conventional water seeding into a drill 
seeded no-till system, all other rotations had the same yields in areas with conventional weed 
control or where the only weed control treatment was glyphosate (stale seedbed).  This clearly 
demonstrates the success of these strategies to 1) control herbicide-resistant weeds, and 2) lower 
herbicide use in rice. A spring-tilled water seeding after a stale-seedbed technique was 
implemented in a grower’s field in Glenn County using glyphosate. This practice was successful 
in controlling a heavy infestation of mimic and obtaining good yields in a 10 acre field where 
mimic had been causing heavy yield and economic losses; the key for success with this 
technique is to allow for substantial weed emergence prior to applying glyphosate. This exercise 
confirmed what we had been observing in our experimental plots at the RES and demonstrates 
the feasibility of implementing one of the proposed alternative establishment under grower 
conditions. 
 
Justification:  Integrating cultural and chemical weed control practices may decrease weed 
management costs through the reduction of herbicide resistant weed populations, delayed 
evolution of herbicide resistance, and timely reduction of weed seed banks.  Alternative cultural 
rice establishment techniques such as drill seeding, stale seedbed, or no-till may be used to 
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manipulate weed species recruitment and expand herbicide options for the control of herbicide-
resistant weeds.  In drill-seeded rice, pendimethalin (Prowl) may be used for soil residual control 
of many grass species.  In stale seedbed systems, weeds that emerge prior to rice planting may be 
controlled with non-selective herbicides such as glyphosate (Roundup) for which resistance has 
not evolved in weeds of rice.  These herbicides provide alternative mechanisms of action, may be 
less expensive, and may be more environmentally benign than some of the herbicides used in 
conventional water-seeded rice systems.  No till alternatives discourage weed recruitment and 
favor seedbank depletion through seed decay.  Therefore, a large field experiment was 
established at the Rice Experiment Station (R.E.S) to assess the effectiveness in managing 
herbicide-resistant weeds by altering weed species recruitment and introducing new herbicides 
unique to specific rice establishment systems.  
 
1. EXPERIMENT AT THE R.E.S: RICE ESTABLISHMENT TREATMENTS IN 2008 

 
After four years of implementing the same treatments on the individual plots, the treatments 
were changed this season to take advantage of weed seedbank shifts due to the prior treatments.  
The water seeded treatments were shifted to drill seeding and drill seeded treatments were shifted 
to water seeding.  The following alternative rice establishment systems were developed and 
evaluated from 2004 through 2007:  1) conventional water-seed rice, 2) conventional drill-seeded 
rice, 3) water-seeded rice after spring tillage and a stale seedbed, 4) water-seeded rice after a 
stale seedbed without spring tillage, and 5) drill-seeded rice after a stale seedbed without spring 
tillage.    Specific descriptions of the treatments utilized in these years can be found in the yearly 
annual reports.  The following are descriptions of the treatments utilized this season:  
________________________________________________________________ 
 
CONVENTIONAL WATER-SEEDED: 
 
Crop establishment: 

• Spring tillage 
• Permanent flood:  May 22 
• Water seeded: May 31 

 
Herbicides: 

• Propanil + Granite SC (6 lb a.i./a + 2 oz/a, respectively) at the 4-5 leaf rice stage (June 27). 
____________________________________________________________________________ 
 
 
WATER-SEEDED / STALE SEEDBED / NO TILL: 
 
Crop establishment:  

• Flushed for weed recruitment May 1 and May 13 
• Water seeded June 1 

 
Herbicides: 

• Pre-flood: Roundup Weather Max (glyphosate) 1.4 lbs a.e./acre plus 2% ammonium sulfate May 29. 
• Post emergence: Propanil + Granite SC (6 lb a.i./a + 2 oz/a, respectively) at the 4-5 leaf rice stage (June 

27). 
__________________________________________________________________________ 
 
DRILL-SEEDED / STALE SEEDBED / NO TILL: 
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Crop establishment: 
• Flushed for weed recruitment May 1 and May 13 
• Drill-seeded May 30 
• Flushed for establishment May 31, additional flush June 6 
• Permanent flood:  June 16 

 
Herbicides: 

• Pre-plant: Roundup Weather Max (glyphosate) 1.4 lbs a.e./acre plus 2% ammonium sulfate May 29. 
• Propanil, Prowl, and Clincher (6 lb a.i./a + 2.1 pt/a, 13.3 oz/a, respectively) at the 3 leaf rice stage (June 7). 

______________________________________________________________________________ 
Note:  Crop oil concentrate (1.25% v/v) was added to applications of Clincher and Propanil.  Ammonium sulfate 
(2% by weight) was added to applications of Roundup. 
 
 

RESULTS 
 

Weed Dynamics.  The systems that were implemented for the prior four years on a large plot 
experiment at the Rice Experiment Station have demonstrated their potential for manipulating 
the kinds of weed species that emerge with rice.  Thus problematic weeds can be avoided or, 
alternatively, controlled by new herbicides for which they do not have resistance.  Pendimethalin 
and glyphosate are not used in water-seeded rice, but can control weed biotypes resistant to 
herbicides used in conventional water-seeded rice.  After four years of continuous use of these 
systems, weed populations associated with each particular system built up; as was effectively 
assessed in the non weed control areas imbedded in each main treatment plot (yields for these 
treatments are presented in Table 1).  Subsequently, in 2008, after having maintained for four 
years the same establishment technique treatments in each corresponding plot, treatments and 
plots were swapped to determine the usefulness of alternating weed recruitment environments in 
combination with the use of the stale seedbed technique and minimum soil removal using no till 
to avoid bringing new weed seed to the surface to deplete the weed seedbank in the soil.  Weed 
spectrum recruitment from water seeded and drill seeded systems over the prior four years are 
distinctly different (Figure 1).  Weed recruitment of the individual systems implemented over the 
four year period additionally show how incorporating a stale seedbed and/or no-till treatment can 
change weed spectrum (Figure 2).  For the 2008 season only three of the original treatments were 
implemented: Water seeded conventional, water seeded stale seedbed and drill seeded stale 
seedbed.  In addition, the two stale seedbed treatments were implemented as no till systems by 
not conducting any spring tillage (Table 2).  
 
The water seeded conventional system favored mostly smallflower umbrellasedge, 
redstem,ducksalad, ricefield bulrush and watergrass (Figure 2).  In this system, weed seedbank 
shifted over four years with reductions in smallflower umbrellasedge, ducksalad, redstem and 
sprangletop and slight increases in ricefield bulrush and watergrass (Figure 3).  When this system 
was switched to a no-till stale seedbed system, the early season flush mainly recruited 
watergrass, redstem and smallflower umbrellasedge (Figure 4A).  These weeds were 
subsequently killed by the glyphosate treatment (Figure 4B).  Drill seeding followed on that site 
in 2008 without any additional soil disturbance and weeds at canopy closure in the area that 
received no further herbicides were watergrass and sprangletop (Figure 4C).  Watergrass is 
visible in the weedy areas for both 2007 and 2008 (Figure 5).   
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Figure 2.  Effect of alternative rice establishment systems on weed species that emerge with rice in plots 
where conventional herbicides have not been applied (except for glyphosate in the stale-seedbed treatments). 
Data are averages of four years. 
Figure 1.  Proportional weed species recruitment in conventionally water-seeded and drill-seeded rice 
determined 35-40 days after rice emergence in plots where conventional herbicides have not been applied.  
Data are averages across four years of experiments. 
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Figure 3.  Weed seedbank (plants/m2) prior to beginning of conventional water seeded system in 2004 
and weed seedbank after four years of the same treatment (soil samples taken in spring of 2008 just 
prior to establishment of new stand establishment technique). 
 

The water seeded spring tilled stale seedbed was dominated by smallflower umbrellasedge, 
redstem and ducksalad (Figure 2).  Even though these species dominated the system their 
seedbank populations decreased over four years (Figure 6) along with decrease in sprangletop.  
Ricefield bulrush and watergrass remained about the same.  When this system was changed to a 
water seeded conventional approach there were very few weeds (Figure 7B) and could have been 
taken to harvest without any herbicides.  Figure 8 shows that the plots were clean of weeds at the 
end of the four years of water seeded spring till stale seedbed and remain clean for the first year 
of conventional water seeding.   
 
The water seeded no-till stale seedbed was dominated by smallflower umbrellasedge, ducksalad 
and redstem during the four years this treatment was implemented (Figure 2).  This system, 
however, did reduce the populations of these three weeds in addition to reducing sprangletop 
(Figure 9).  Ricefield bulrush and watergrass remained about the same.  Flush for weed 
recruitment prior to glyphosate application encouraged smallflower umbrellasedge, ducksalad 
and redstem to germinate (Figure 10A).  These weeds were subsequently killed by the 
glyphosate application.  The subsequent drill seeding no-till stale seedbed treatment imposed in 
2008 was accomplished without any further soil disturbance and had low weed pressure (Figure 
10C) except for some patches of sprangletop that are visible in the area of the field that did not 
get any follow-up herbicides (Figure 11).  The original treatment of water seeded no-till stale 
seedbed has been very successful as depicted in the inset picture for 2007 in Figure 11.  If the 
drill seeded no-till stale seedbed treatment is continued sprangletop and watergrass are likely to 
become problematic (Figure 2).   
 
The conventional drill seeded system was dominated by watergrass and sprangletop (Figure 2).  
This is confirmed by the increase of watergrass and sprangletop in the seedbank over four years 
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of this treatment (Figure12) while smallflower umbrellasedge, ducksalad and redstem all 
decreased in population and ricefield bulrush remained about the same.  When this system was 
changed to water seeded no-till stale seedbed the pre-plant flushing of the soil encouraged 
watergrass, sprangletop and smallflower to germinate (Figure 13B).  These weeds were 
subsequently killed by the glyphosate treatment.  In 2008, this site was switched to a system 
where the field was flooded in spring and seeded without any without any tillage or further soil 
disturbance.  The resulting weeds at canopy closure were very low (Figure 13C).  Figure 14 
depicts the grass pressure of the drill seeded system (inset picture) while the new treatment is 
relatively clean except for some patches of sprangletop.  This treatment should have been able to 
be taken to harvest without any further herbicide applications.  
 
The drill seeded no-till stale seedbed system was dominated by sprangletop and watergrass 
during the four years it was implemented (Figure 2).  This is confirmed by the seedbank change 
from the beginning of the trial to just prior to changing the system (Figure 15).  Sprangletop and 
watergrass increased in the soil while smallflower umbrellasedge, ducksalad and redstem 
decreased in numbers and ricefield bulrush remained about the same.  The stale seedbed 
treatment in spring 2008 recruited mainly watergrass but also some sprangletop, smallflower 
umbrellasedge and redstem.  These weeds were subsequently killed by the glyphosate 
application prior to flood and seed (Figure 16B).  Sebsequently, this system was flooded and 
seeded without any further soil disturbance.  Weed populations in the no-herbicide plot area were 
low and consisted of watergrass, smallflower umbrellasedge and redstem (Figure 16C).  This 
suggests that this treatment could have gone to harvest without additional herbicides this season 
and is additionally confirmed by the photograph of the field (Figure 17).   
 
Grain Yields.   Consistently the five systems yielded the same when conventional weed control 
was applied to each treatment (Table 1).  The conventionally drill-seeded treatment had built 
heavy watergrass infestation, and on average across four years had the lowest yields in plots 
without weed control (Table 1).  In 2008, the successful water seeded spring tilled stale seedbed 
treatment (Table 1) was switched back to a conventionally water-seeded establishment, which 
resulted in the highest yields, that were no different  among plots with or without any weed 
control (Table 2).  This is a remarkable demonstration that growers can invest in a stale seedbed 
treatment to control resistant weeds with glyphosate (or other similar compound) for a brief 
period of time and then return to their conventional way of growing rice with the added bonus of 
a dramatic reduction in weed control inputs that year.   
 
Alternating from aerobic rice to anaerobic rice establishment was successful in reducing weed 
infestations when this was combined with a stale seedbed (Figures 4, 7, 10, 13 & 16) and yields 
were excellent and not different between areas with conventional weed control or when the only 
weed control treatment was glyphosate (Table 2).  Again, this strongly demonstrates the potential 
for controlling resistant weeds and lowering herbicide use.  The exception to this, was rotating 
out from conventional water-seeded rice into a drill-seeded-no-till treatment, where the stale 
seedbed technique was not able to fully eliminate the strong grass infestations associated with 
this system (Table 2, Figure 4).  We advise against the use of drill seeding given the strong 
infestations that occur in this system (Figure 2) and the opportunities for red rice infestations.  In 
our experiments, drill seeding was helpful to diminish the pressure of aquatic weeds (Figure 2), 
but should only be used in conjunction with a stale seedbed technique and should be 
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implemented either before or after water-seeded rice that involves the use of a stale seedbed 
treatment with glyphosate (Table 2). 
 

 

A 

C 
B 

 

 

 

Figure 4.  Average weed recruitment over four years in continuously flooded system followed by conversion 
to drill seeded no-till stale seedbed system.  Weed recruitment by early spring flushing prior to pre-plant 
glyphosate treatment.  Weed cover at canopy closure of drill seeded no-till stale seedbed system in area where
no follow-up herbicides are used.  
 

 8



 

 
 

 

 
 

 

Figure 6.  Weed seedbank (plants/m2) prior to beginning of water seeded spring till stale seedbed system in 2004 and 
weed seedbank after four years of the same treatment (soil samples taken in spring of 2008 just prior to establishment 
of new stand establishment technique). 
Figure 5.  Water seeded conventional system changed to drill seeded no-till stale seedbed system.  View from
no herbicide area of plot towards area treated with herbicides ( the corresponding weed composition is 
presented in Figure 4C); values indicate rice yields in herbicide treated and untreated areas.  Inset picture is 
from year four of water seeded conventional system with line between area with no herbicides (front) and 
herbicide treatment (behind the line), the corresponding average weed composition across 4our years on this 
plot (inset) is presented in Figure 4A. 
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Figure 7.  Average weed recruitment over four years in water seeded spring till stale seedbed system followed by 
conversion to water seeded conventional system.  Weed cover at canopy closure of water seeded conventional system in 
area where no follow-up herbicides are used. 
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Figure 8.  Water seeded spring tilled stale seedbed system changed to water seeded conventional system.  
View from no herbicide area of plot towards area treated with herbicides ( the corresponding weed 
composition is presented in Figure 7B); values indicate rice yields in herbicide treated and untreated areas.  
Inset picture is from year four of water seeded spring tilled stale seedbed system with line between area with 
no herbicides (front) and herbicide treatment (behind the line), the corresponding average weed composition 
across 4our years on this plot (inset) is presented in Figure 7A. 

 
 

 
 

 

Figure 9.  Weed seedbank (plants/m2) prior to beginning of water seeded no-till stale seedbed system in 2004 
and weed seedbank after four years of the same treatment (soil samples taken in spring of 2008 just prior to 
establishment of new stand establishment technique). 
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Figure 10.  Average weed recruitment over four years in water seeded no-till stale seedbed system followed 
by conversion to drill seeded no-till stale seedbed system.  Weed recruitment by early spring flushing prior 
to pre-plant glyphosate treatment.  Weed cover at canopy closure of drill seeded no-till stale seedbed system 
in area where no follow-up herbicides are used. 
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Figure 12.  Weed seedbank (plants/m2) prior to beginning of drill seeded conventional system in 2004 and
weed seedbank after four years of the same treatment (soil samples taken in spring of 2008 just prior to 
establishment of new stand establishment technique). 
Figure 11.  Water seeded no-till stale seedbed system changed to drill seeded no-till stale seedbed system.  View 
from no herbicide area of plot towards area treated with herbicides (the corresponding weed composition is 
presented in Figure 10C); values indicate rice yields in herbicide treated and untreated areas.  Inset picture is from
year four of water seeded no-till stale seedbed system with line between area with no herbicides (front) and 
herbicide treatment (behind the line), the corresponding average weed composition across 4our years on this plot 
(inset) is presented in Figure 10A. 
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Table 1. Paddy yields for five stand establishment systems implemented in a field experiment conducted at the RES from 2004 to 2007 a.

2004 2005 2006 2007 2004-2007

Weed 
Control Weedy

Weed 
Control Weedy

Weed 
Control Weedy

Weed 
Control Weedy

Weed 
Control Weedy

----------------------------------------------------------------- lb/A (14% moisture) -----------------------------------------------------------------------------------
Water Seeded Conv 9577 8202 * 8718 7516 a 7923 4937 * 10751 9290 abc * 9242 7486 ab *
Drill Seeded Conv. 9658 6703 * 8974 2812 c * 8140 2731 * 11388 6115 d * 9540 4590 d *
Water spring seeded stale 8437 8722 * 7834 8042 a 7379 5308 * 10546 8506 c * 8549 7644 ab
Water seeded no till stale 9313 8415 * 8723 7061 ab 7457 4062 * 10094 8945 bc 8897 7121 bc *
Drill seeded no till stale 9233 8303 * 8848 5101 bc 8966 3326 * 11057 4182 d * 9526 5228 cd *

NS NS NS NS NS NS NS
a. For each year and treatment, * indicate no differences (P>0.05) in yields of Weed Control and Weedy plots according to orthogonal contrasts tests; within 
colums, values followed the same letter are not different (NS, P>0.05) according to Tuckey's HSD test.  
 
 
Table 2. Paddy yields of three stand establishment systems that were implemented in 2008 
on plots where five alternative rice stand establishment systems were conducted during 

2004‐2007a.
Treatment 2004‐2007 Treatment 2008 Weed Control Weedy

‐‐‐ lb/A (14% moisture) ‐‐‐
Water Seeded Conv Drill seeded no till stale 7310 6599 b
Drill Seeded Conv. Water seeded no till stale 8175 8031 a
Water spring seeded stale Water Seeded Conv 8180 8161 a
Water seeded no till stale Drill seeded no till stale 7429 7832 ab
Drill seeded no t ill stale Water seeded no till stale 8019 8176 a

NS
a For each treatment, Weed Control and Weedy plots were not different (P>0.05) according to 
orthogonal contrasts tests; within colums, values followed the same letter are not different 
(P>0.05) according to Tuckey's HSD test; NS, means within a column are not different (P>0.05)  
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Figure 13.  Average weed recruitment over four years in drill seeded conventional system followed by conversion to

water seeded no-till stale seedbed system.  Weed recruitment by early spring flushing prior to pre-plant glyphosate 
treatment.  Weed cover at canopy closure of water seeded no-till stale seedbed system in area where no follow-up 
herbicides are used.  
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Figure 14.  Drill seeded conventional system changed to water seeded no-till stale seedbed system.  View from no 
herbicide area of plot towards area treated with herbicides (the corresponding weed composition is presented in Figure 
13C); values indicate rice yields in herbicide treated and untreated areas.  Inset picture is from year four of water-
seeded no-till stale seedbed system with line between area with no herbicides (front) and herbicide treatment (behind 
the line), the corresponding average weed composition across 4our years on this plot (inset) is presented in Figure 13A. 

 
 

 
 
 
 
 
 

Figure 15.  Weed seedbank (plants/m2) prior to beginning of drill seeded no-till stale seedbed system in 2004 and 
weed seedbank after four years of the same treatment (soil samples taken in spring of 2008 just prior to 
establishment of new stand establishment technique). 
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Figure 16.  Average weed recruitment over four years in drill seeded no-till stale seedbed system followed by 
conversion to water seeded no-till stale seedbed system.  Weed recruitment by early spring flushing prior to pre-
plant glyphosate treatment.  Weed cover at canopy closure of water seeded no-till stale seedbed system in area 
where no follow-up herbicides are used.  
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Figure 17.  Drill seeded no-till stale seedbed system changed to water seeded no-till stale seedbed system.  View 
from no herbicide area of plot towards area treated with herbicides ( the corresponding weed composition is 
presented in Figure 16C); values indicate rice yields in herbicide treated and untreated areas.  Inset picture is 
from year four of water-seeded no-till stale-seedbed system with line between area with no herbicides (front) and
herbicide treatment (behind the line), the corresponding average weed composition across 4our years on this plot 
(inset) is presented in Figure 16A. 
 
 
 
 
 
2.  OFF-STATION IMPLEMENTATION AT A GLENN COUNTY GROWER’S FIELD 
 
A grower in Glenn County who has severe problems with multiple herbicide resistance late 

atergrass routinely lends us his field to conduct our diverse experiments on herbicide-resistant 
ate watergrass (“mimic”) control.  In 2008 he invited us to implement  an alternative stand 
stablishment technique on a 10-acre check with a very heavy mimic infestation that he has 
ailed to control over the years in spite of multiple herbicide applications, and that is causing him 
eavy yield and economic losses.  He decided to try the spring tilled stale seedbed method 
lthough he knew this could delay his planting date.  For that reason, he chose to use a short 
eason variety (M-104).  He maintained the soil surface saturated or under a shallow flood for 
en days thereafter he allowed the field to slowly drain.  Five days later the field was dry enough 
o get a ground rig sprayer out in the field for glyphosate application.  Two days after applying 
lyphosate, the field was re-flooded and seeded.  A follow-up application of Granite SC 
penoxsulam) and Clincher (cyhalofop-butyl) was necessary for control of broadleaf weeds, 
edges and a light sprangletop presence that germinated after the re-flood.  The glyphosate 
reatment controlled the resistant watergrass, sprangletop, broadleaves and sedges that were 
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initially recruited by the flush/flood stale seedbed treatment.  No new watergrass germinated in 
this field after the glyphosate applications.  This weed infestation that emerged encouraged by 
the early irrigation was substantial as can be seen in the untreated control areas in Figure 18, 
which illustrates the relevance of the stale-seedbed technique with glyphosate for controlling 
herbicide-resistant weeds. 
 
The grower wants us to assist him in implementing this approach over a larger area on his farm.  
This exercise confirmed what we had been observing in our experimental plots at the RES and 
demonstrates the feasibility of implementing one of the proposed alternative establishment under 
grower conditions. 
 

 

 

 
 

Figure 18.  Water-seeding with spring tillage followed by a stale-seedbed technique before seeding rice 
implemented in a Gleen Co. grower’s field heavily infested with herbicide-resistant late watergrass (mimic).  Plots 
in the front correspond to a herbicide experiment to control mimic; comparison of the first and second plots from 
the left on the first row illustrate the power of the stale-seedbed technique to control emerged resistant weeds.  
Untreated control areas illustrate the magnitude of the grass infestation in that field that was successfully controlled 
by implementing the stale-seedbed+glyphosate treatment.  Key for success is achieving substantial weed 
emergence with the spring irrigation to promote weed germination before spraying glyphosate. 

CONCLUSIONS AND FUTURE DIRECTIONS 
 
This work has demonstrated the feasibility of drastically changing the way rice is grown in 
California to control herbicide-resistant weeds and reduce herbicide use using an integrated 
management approach.  Five alternative stand establishment techniques were employed for four 
consecutive years.  These systems highlighted the advantages of each in the shift of the weed 
seedbanks throughout the years.  This season, the techniques were switched to take advantage of 
the impact the new system would have on weed recruitment and the established seedbank.  Water 
seeded systems tend to favor aquatic weeds while dry or drill seeded systems tend to favor 
aerobic/dryland weeds.  Added to the two basic techniques is the use of a stale seedbed where 
weeds are encouraged to germinate prior to seeding the crop then eliminated with a total 
herbicide like glyphosate (“stale seedbed” technique).  This dramatically reduces the weed 
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pressure on the crop as long as the soil surface is not disturbed after the stale seedbed glyphosate 
application.  Future work will continue with alternation of establishment systems at the R.E.S. 
following the concepts of the 2008 experiment, but will emphasize implementation of these 
techniques on grower’s fields. 
 
3.  FERTILITY MANAGEMENT ASSOCIATED WITH ALTERNATIVE SYSTEMS 
 
Identify appropriate nutrient management practices for alternative rice establishment systems 
based on results from different soils in the Sacramento Valley region.  
 

This year we conducted nitrogen fertility trials in the three rice establishment systems 
located at the Rice Experiment Station (RES) and one on-farm (another on-farm site was 
established but the grower did not apply herbicides to the experimental area resulting in almost 
no grain yields). At the RES the treatments were wet seeded conventional, wet seeded no-till 
stale seedbed, and drill seeded no-till stale seedbed systems. The on-farm fertility experiment 
was set up in a wet seeded no-till system.  Nitrogen fertility trials were conducted to test the 
impacts of different nitrogen management practices (specifically application rates, timing and 
source) on grain yields and nitrogen use efficiency for each of these systems.  This research 
builds upon results from previous nitrogen management trials conducted in alternative systems at 
the RES beginning in 2004.     

At the RES and on-farm sites, nitrogen fertility trials were set up as a complete 
randomized block design in which nine treatments were applied in each RES system or on-farm.  
Total nitrogen application rates in the sub-plots ranged from 0-200 lb/acre in the form of urea.  
As several growers had expressed interest in using ammonium sulfate in these systems, we 
included a treatment of ammonium sulfate (AS) at 100 lb N/acre.  To determine if split nitrogen 
applications would result in increased yields and increased nitrogen use efficiency some N 
treatments included splitting the rate between preflood and mid-tillering instead of it all being 
applied preflood.  Table 3 details the timing and rates of nitrogen treatments.    

 
Table 3.   Nitrogen application rates and timing for each sub-plot treatment 

Treatment 
# 

Total 
N Rate 
(lb/ac) 

Amount 
Applied 
Preflood 
(lb/ac) 

Amount 
Applied 

Mid-tillering 
(lb/ac) 

1 0 0 0 
2 100 100 0 
3 100 25 75 
4 100 75 25 
5 150 150 0 
6 150 112.5 37.5 
7 200 200 0 
8 200 150 50 

9 (AS) 100 100 0 
 
At both research sites there was no spring tillage, but the grower at the on-farm site did 

not implement a stale seedbed technology in their wet seeded systems and the RES did (with the 
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exception of the wet seeded conventional control system). At both sites the nitrogen fertility 
plots were monitored over the course of the growing season and aboveground biomass was 
harvested in early to mid-October. To date, grain yields have been determined for all fertility 
trials and a preliminary analysis of yields in relation to nitrogen management has been carried 
out for each of these systems.  The nitrogen content of harvested straw and grain is currently 
being determined in order to calculate nitrogen use efficiencies.      

         
Rice Experiment Station Results: The main plot yield results (yields taken from outside the 
fertility trial in the main area of each plot) from this season are consistent with results in years 
past as the yields among the three establishment systems were similar when 150 lb N/acre was 
applied (Table 4).  These results provide another season’s worth of data showing that these 
alternative systems have yield potentials similar to the conventional wet seeded establishment 
practice.       

 
Table 4.  Main plot grain yields for establishment practices receiving preflood 150 lb N/acre 

System 2004 2005 2006 2007 Mean  
2004-07 2008 

 lb/ac 14% moisture  
WS-conventional 9511 7295 7923 7171 8028A 8087 
DS-conventional 9644 7509 8140 7365 8218A n/a 
WS-stale 8426 6555 7379 7184 7386B n/a 
WS-stale-notill 9303 7299 7457 8062 8030A 7927 
DS-stale-notill 9191 7404 8966 8440 8500A 7344 
ANOVA (P value) ns ns ns ns 0.0011 ns 

 
The results of the RES nitrogen fertility trials showed several differences in nitrogen 

dynamics within the establishment practices.  Grain yields in the drill seeded no-till stale seedbed 
tended to be slightly lower than other two systems across fertility treatments (Figure 19).  Wet 
seeded conventional and wet seeded no-till stale seedbed systems produced similar yields around 
150 lb N/acre, but different yields at application rates of 100 lb N/acre and when no nitrogen was 
applied.  Within each system, treatment yields were compared using a LSD pairwise comparison 
test.  Yields that were significantly lower within systems included several split treatments of 100 
lb N/acre in wet seeded systems and the ammonium sulfate treatments in the no-till systems 
(Table 5).            
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Figure 19.  Grain yields for nitrogen fertility trials conducted at RES (including standard 

 error bars). 
 

Table 5.  Grain yields by nitrogen treatment including LSD pairwise comparison results. 
Treatment Wet Seeded 

Conventional 
Wet Seeded No-till 

Stale Seedbed 
Drill Seeded No-till  

Stale Seedbed 
0-0 4002 C 3214 D 4588 C 

100-0 8953 AB 8862 AB 7737 AB 
75-25 8448 B 7928 BC 8109 A 
25-75 8988 AB 8074 BC 7655 AB 
150-0 9204 AB 9247 A 8261 A 

112.5-37.5 9774 A 8971 AB 8129 A 
200-0 9414 AB 9755 A 7861 AB 
150-50 9488 AB 9379 A 7737 AB 
100 AS 8629 AB 7335 C 7271 B 

LSD (0.05) 1235 1103  619  
 
 
Yield response curves were constructed for each RES system (Figure 20). Grain yields 

were grouped by total nitrogen applied (100,150, and 200 lb/acre) with preflood, split, and 
ammonium sulfate treatments labeled. The wet seeded conventional system produced maximum 
grain yields at around 150 lb N/acre (Figure 20).  The ammonium sulfate treatments did not have 
a significant impact when compared to the preflood yields (Table 5).  Only the 75-25 split 
nitrogen treatments had significantly lower yields compared to preflood and other split 
application treatments (Table 5). With this yield data, it appears that between 100 and 150 
lb/acre of preflood nitrogen will provide the maximize yields in the wet seeded conventional 
system.    

With no nitrogen applied, the wet seeded no-till stale seedbed system produced lower 
yields than the wet seeded conventional (Figure 19).  This supports our previous hypothesis that 
a preplant flush to germinate weed seeds and create a stale seedbed potentially accelerates early 
season nitrogen losses through nitrification and denitrification processes.  The wet seeded stale 
seedbed system responded positively to larger applications of nitrogen, further implying that 
native soil nitrogen concentrations may have decreased with early season water management 
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practices (Figure 20).  Grain yields were highest at 200 lb N/acre in the wet seeded stale seedbed 
system.  Ammonium sulfate treatments produced significantly lower yields than the preflood 
treatments, but not split application treatments (Table 5).  Split application treatments did not 
have a significant impact on yields compared to preflood treatments (Table 5).  These 
preliminary results indicate that around 150 lb/acre of preflood nitrogen produces optimal yields 
in the wet seeded stale seedbed system.   

The drill seeded no-till stale seedbed system had slightly lower yields across all 
treatments except the zero nitrogen and the 75-25 split applications (Figure 19).  The ammonium 
sulfate and split nitrogen treatments had no significant impact on grain yields compared to the 
preflood treatments (Table 5).  The yield response curve shows that applying between 100 and 
150 lb N/acre preflood will produce the greatest grain yields in the drill seeded no-till stale 
seedbed system.  
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Figure 20.  Yield response curves for RES establishment systems (grain yields reported at 14% 
moisture, lb/acre). 
 
On-Farm: We worked with two growers this season who were interested in testing some of 
these alternative systems at a field scale.  On a portion of their acreage, each grower 
implemented wet seeded no-till systems.  Both growers avoided spring tillage having performed 
their major tillage operations the previous fall.  Unlike several systems at the RES, these growers 
did not create a stale seedbed.  Nitrogen fertility trials were conducted in two fields near 
Maxwell using the experimental design described above (nine treatments replicated four times in 
each field).  Due to miscommunications involving herbicide applications, weeds heavily 
dominated one of the fertility experiments by the end of the season and consequently yields were 
only determined for one grower.     

A yield response curve was also constructed for the on-farm wet seeded no-till system.  
This system had the highest grain yields of all four systems when zero nitrogen was applied 
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(Figure 20).  This outcome might be related to differences in native soil nitrogen.  However, it 
was also the only no-till system without a stale seedbed, so high yields potentially indicate that 
native soil nitrogen accumulated over the winter months and was available for plant uptake the 
following season.  This system possibly avoided the nitrification and early season nitrogen losses 
associated with flushes and tillage. Grain yields in this system were highest between 100 and 150 
lb N/acre and decreased at around 200 lb N/acre.  Ammonium sulfate and split nitrogen 
treatments did not have a significant impact on yields compared to preflood treatments (Table 6).  
The yield response curve suggests that application rates of 100 lb/acre will produce maximum 
yields.              

 
Water Seeded No-Till 

5000

6000

7000

8000

9000

10000

0 50 100 150 200
Total N Applied (lb/acre)

G
ra

in
 Y

ie
ld

s 
(lb

/a
cr

e)

Preflood
Split
AS
LSD = 1152

 
Figure 21.  Yield response curve for on-farm research site (grain yields reported at 14% moisture, lb/acre). 

 
Table 6.  Grain yields by nitrogen treatment including LSD comparison test results 

Treatment Wet Seeded 
No-Till 

0-0 7182 C 
100-0 9090 AB 
75-25 8541 B 
25-75 8747 AB 
150-0 9351 AB 

112.5-37.5 9055 AB 
200-0 9200 AB 
150-50 9799 A 
100 AS 9570 AB 

LSD value 1152 
 

 
Summary and Conclusions; These nitrogen fertility trials have only been conducted for one 
season and therefore the results are preliminary.  Nitrogen use efficiencies are still being 
determined and will give us a better idea of how the plants responded to different nitrogen 
management practices.  We plan on conducting similar fertility trials next season at the RES and 
also hope to expand our on-farm research to include more growers interested in testing these 
systems at a larger scale.         

Results from this season show that the splitting of nitrogen applications had no 
significant impact on grain yields for all establishment systems (Tables 5 and 6).  Total nitrogen 
applications split between preflood and mid-tillering produced similar yields as preflood 
applications.  These results contrast with other crops that have responded positively to split 
nitrogen applications.  If next season shows that preflood applications are indeed sufficient for 
these alternative systems, this will minimize the amount of passes that a grower needs to make to 
apply nitrogen fertilizer when these systems are adopted.       
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The results from this season also show that the source of nitrogen only had a significant 
impact on grain yields in one establishment system.  Ammonium sulfate treatments reduced 
grain yields significantly in the wet seeded no-till stale seedbed system when compared to 
preflood treatments (Table 5).  However, yields in drill seeded stale seedbed, wet seeded 
conventional and wet seeded no-till systems were not significantly impacted by ammonium 
sulfate treatments (Figure 20).  It will be interesting to see if the same pattern occurs next year.  
This will help us determine whether the wet seeded no-till stale seedbed practice requires urea as 
a source of nitrogen to maintain desirable yields.     

As we anticipated, yield response curves varied among systems.  Wet seeded stale 
seedbed systems responded best to nitrogen applications between 150 and 200 lb/acre, whereas 
the other three systems responded best to nitrogen applications of 100 to 150 lb/acre.  At this 
point, wet seeded stale seedbed systems appear to require about 50 lb N/acre more than other 
systems to achieve optimal yields. These results are consistent with previous year’s studies. The 
exact mechanism underlying these results is not known. The potential loss of nitrogen due to 
early season water management practices and its impacts on nitrogen fertility in these alternative 
systems warrants further research.  
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