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Results and Discussion

Introduction and Objectives
Cyperus difformis (smallflower umbrella sedge) is a
major weed (Cyperaceae) of California rice that is
treated in post-emergence with propanil due to
resistance to ALS-inhibitors1. However, growers
have recently experienced poor C. difformis control
with any of the available propanil formulations,
suggesting resistance to this PSII-inhibiting
herbicide may have evolved in some populations.
To date, propanil resistance has only been reported
in grasses (Poaceae) and attributed to enhanced
propanil metabolism by aryl acylamidase (AAA).
Confirming the presence of resistance, quantifying
its level, and exploring the metabolic basis for it
were the objectives of the present work.

Materials and Methods
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Cross-resistance to other PSII-inhibiting herbicides, which
would suggest mode of action-related resistance (target-site), was
assessed by treating different sets of R and S plants with atrazine,
bromoxynil, diuron, and metribuzin as shown below:

Evaluations: Fresh weight was measured 15 days after herbicide
application and the number of surviving plants/pot was counted.
Biomass was taken to a drier at constant 65 ºC, and dry weight
measured 7 days later. Experiments were repeated.
Data Analysis: Dose-response data were fit to a three-parameter
log-logistic equation using the R statistical program (http://www.Rproject.org), LD50 and GR50 calculated, and the resistance level
(R/S ratio) compared. Fresh weights were expressed as percent of
the untreated control for each biotype for data presentation.
Sequencing of the chloroplast psbA gene (codes for the D1
protein, i.e propanil’s target-site). Primer pairs were designed from
Cyperus alternifolius psbA gene sequence (GenBank:
HQ181827.1). Fresh leaf tissue was collected from young leaves;
RNA extracted and reverse-transcribed into cDNA. Following
standard PCR procedures, cDNA PCR products were sequenced
with an ABI 3730XL Capillary Sequencer. Alignment and
comparison of amino acid sequences performed across biotypes.
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Fig. 1 (above). Growth of propanil-R and –S C. difformis plants 3
days after propanil spraying at a discriminant rate (0.5x; 2.24 kg ai
ha-1). Unlike its effects on S plants, carbaryl did not synergize
propanil against plants of the R biotype.
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Fig. 2 (above). Response of R and S C. difformis and rice cv. M206 to propanil rates (field rate = 4.48 kg a.i. ha-1). Symbols
represent averages of 4 replicates. Dashed lines are treatments
with carbaryl applied 1 day prior to propanil

Whole-plant dose-response assays
S Biotype
R Biotype
were performed using R and S plants
as well as rice cv. M-206, grown in pots in a greenhouse under
average 25 ºC, 16-h photoperiod and 1,720 µmol m-2 s-1 PPFD;
plants were thinned to 4 per pot (58 cm2). Plants at the 4- leaf
stage were treated with 8 propanil rates (0 to 32x, for x= 4.48 kg ai
ha-1). The insecticide carbaryl (3.6 kg ai ha-1) was applied to
different sets of plants 1 day prior to the propanil treatments to
explore possible aryl acylamidase (AAA)-driven metabolism as the
mechanism of resistance2.
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Table 1 (above). GR50 values calculated from the
regression curves on figure 1, and R/S ratios. Carbaryl
synergized propanil against rice and S plants to a
greater extent than R plants. These results indicate
that resistance to propanil in C. difformis, unlike
resistance in grasses and tolerance in rice, cannot be
attributed to propanil metabolism by AAA.
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One propanil-resistant (R) and
one propanil-susceptible (S)
C. difformis biotype were selected
from a field-collected, suspected
propanil-resistant population
following screening with propanil
at 1x (4.48 kg a.i. ha-1) using a
cabinet track sprayer equipped
with a 8002-EVS nozzle delivering
171 L ha-1. Each biotype descends
from a single, hand-harvested plant.
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Fig. 3 (above). Fresh weight of R and S C. difformis treated with the
PSII inhibitors bromoxynil, metribuzin, diuron, and atrazine. Cross
resistance to all PSII inhibitors by propanil-R C. difformis and the low
resistance to atrazine suggested resistance could be due to a specific
target-site alteration (i.e. mutations at the D1 protein).

Fig. 4 (above). psbA gene sequence alignment for the propanil-S biotype, showing the PSII-inhibitors binding region (between
Phe211 and Leu275, indicated by green boxes)4. Mutations found in this region are able to cause loss of afinity between herbicides
and the binding site on the D1 protein. When sequences between R and S plants were compared, a valine to isoleucine
substitution at amino acid residue 219 was found (indicated by a red box), which had been previously reported as causing
resistance to diuron and metribuzin in Poa annua 4. None of the other resistance-causing alterations of the D1 protein reported
in the literature were found, e.g. Leu218Val, Phe255Ile, Ser264Gly, Ser264Thr, Asn266Thr, Ala251Val (indicated by blue boxes).

Conclusions and Implications for Management
• Unlike the metabolically-based resistance in grasses and selectivity in rice, propanil resistance in C. difformis
relates to the mode of action of the herbicide.
• The amino acid alteration found (Valine219→Isoleucine) also conferred resistance to other PSII inhibitors
(metribuzin, bromoxynil, and diuron).
• Because this is a case of target-site-mediated resistance, growers aiming at controlling propanil-R C. difformis
should change to herbicides with different mode of action (e.g. carfentrazone, benzobicyclon, or thiobencarb).
• To delay the spread of resistance, growers should prevent seed movement and dispersal across rice fields by
properly cleaning tillage and harvest equipment.
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