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Comparison of Sugarcane Borer and Mexican Rice Borer 

 

 

 
 
 

(a) Adult female sugarcane borer (b) Adult female Mexican rice borer  

 

 
 

(c) Sugarcane borer eggs 

 

 
 

(d) Mexican rice borer eggs 
 

 
 

(e) Sugarcane borer larva 

 
 

(f) Mexican rice borer larva 

Photos: (a) (e) Boris Castro; (b) Chris Carlton; (c) (d) Robert Saldaña (f) Anna Meszaros.  
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Field Research Announcement 
 
To: Louisiana and Texas Sugarcane and Rice Consultants, Agricultural Extension Agents, and Industry 

Cooperators 
 
From: Gene Reagan and M.O. Way 
 LSU AgCenter and Texas A&M Entomologists 
 
Re: Texas A&M University Ganado Research Site Visit:  
 Mexican Rice Borer and Sugarcane Borer 
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ITINERARY 

LOCATION 
Please do not take any live insects from this location! 

Texas A&M University research field at intersection of Texas FM Road 1157 east 
and Jackson County Road 222 (4 ½ miles east of Ganado on right)  

 
 
Monday, 8 September – 6:15 pm……….... ............................. Meet in lobby of Sugarland Holiday Inn Hotel 

to go to dinner probably at Papadeaux’s (optional) 
 
Tuesday, 9 September – 6:45 am…………Meet in Sugarland Holiday Inn Hotel lobby to receive hand- 
                                                                 out for field site visit, and leave in groups for Ganado  
 
Tuesday, 9 September – 8:30 am..................... Arrive at the Texas A&M University Ganado Research Site 
 

ACTIVITIES 
1. Observe Mexican rice borer (MRB) and sugarcane borer (SCB)  larvae in replicated test of Louisiana 

sugarcane varieties (HoCP 85-845, L 99-233, L 01-299, L 03-371, HoCP 04-814, HoCP 04-838, 
HoCP 04-847, L 05-457, L 05-459). 

2. Hands on sampling for MRB and SCB injury in sugarcane varieties. 
3. Review non-crop host plant weed transect studies from the Texas rice belt.  
4. Check MRB pheromone traps.  
5. Observe MRB and SCB damage in ratoon rice variety plots, and discuss insecticide and cultural 

practice study results in rice 
 
Tuesday, 9 September 11:30 am....................................... Lunch at Estelle’s Gourmet Mexican Restaurant 

Ganado, Texas (optional) 
               ≈ $7.50 
 
Tuesday, 9 September - 1:00 pm............................................................................Adjourn and return home 
 

RESERVATION AND HOTEL INFORMATION 
For hotel reservations call 281.530.1400 
Anytime prior to Wednesday, 3 September ..............................................................Reservation Code: LSU 

(Sugarcane Entomology) 
                                                                                 You may reserve rooms with Cyndie Steck by email at: 
                                                                                                                           cyndies@robertshotels.com  

$79.00 + tax reduced rate 
Breakfast buffet (6:30 AM) for Priority Club members included 1 per room 

 
HOTEL ADDRESS: 
Sugarland Holiday Inn 
11160 Southwest Freeway 
(Beltway 8 @ Hwy. 59) 
Houston, Texas  
281.530.1400 (hotel) 
281.530.2191 (fax) 

DIRECTIONS TO RESEARCH SITE: 
69 miles south of hotel on Hwy 59; Ganado exit Loop 522; 
Frontage Rd, turn left (Loop 522); under overpass; turn right on 
south loop 522; left at stop light onto Hwy. 172 (in Ganado); 2 
blocks and turn left onto FM Rd 1157 east (Texas State Rd); 4 ½ 
miles east; field on right at corner of County Rd 222 (only 
sugarcane in area) 

mailto:cyndies@robertshotels.com


Management of an invasive alien species, the Mexican rice borer (Lepidoptera: 
Crambidae) on sugarcane and rice [Intl. Congress of Plant Protection – Oct. 2007 Scotland, UK – 2: 610-
611(By Invitation)] 
 
T. E. Reagan1, F. P. F. Reay-Jones2, M. O. Way3, L. T. Wilson3, J. M. Beuzelin1, W. Akbar1 

 
1Department of Entomology, Louisiana State University Agricultural Center, Baton Rouge, LA  
2Department of Entomology, Clemson University, Florence, SC  
3Texas AgriLife Research and Extension Center at Beaumont  
 
Introduction and Monitoring 
The Mexican rice borer, Eoreuma loftini (Dyar), is the most seriously damaging stalk borer in 
sugarcane. It was first detected in the Lower Rio Grande Valley of Texas in 1980, most likely as 
an immigrant from the Sinaloa area on the west coast of Mexico (Reay-Jones et al. 2007a). The 
devastation of the Texas sugarcane crop quickly exceeded 50% on many farms causing some 
fields not to be harvested. By the end of the 1980s, the range had extended well into the Gulf 
coast rice area causing substantial yield losses. The behavioural characteristics of E. loftini 
render the insect much less susceptible to parasitoids and insecticides than other stalk borers in 
sugarcane. Enhanced by plant stress, moth oviposition occurs in cryptic sites on dried leaves, and 
emerging larvae rapidly disperse to mine and bore into more succulent plant parts creating frass-
packed tunnels. Our multi-agency, multi-state research and extension team was assembled to 
monitor and forecast E. loftini movement through Texas towards Louisiana, establish 
quarantines, and develop management strategies to mitigate losses with the eventual goal of 
reducing area-wide populations. Studies showed a continuous range expansion of 23km/yr from 
1980 to 2005, but only 16.5km/yr from 2000 to 2005 (Reay-Jones et al. 2007b). During this 
more recent period, E. loftini encountered substantial populations of another invader, Solenopsis 
invicta Buren, the red imported fire ant; however, the role of arthropod predators on E. loftini has 
not been studied. 
Cultivar/Plant Stress/Insecticide Management 
Studies in the greenhouse at Weslaco, Texas comparing resistant and susceptible sugarcane and 
rice cultivars showed that stressed plants were more than twice as attractive for E. loftini 
oviposition. This attraction was associated with the accumulation of several foliar free amino 
acids essential for insect growth and development (Reay-Jones et al. 2007a). Field studies further 
showed that irrigation reduced injury by a factor of 2.5 in both susceptible (LCP 85-384) and 
resistant (HoCP 85-845) cultivars. Additionally, yield losses were reduced from 70% to less than 
10% when a balanced combination of resistant cultivars, irrigation, and timely applications of 
biorational insecticides was used (Reay-Jones et al. 2005). Plant resistance studies in rice and 
sugarcane have identified the presence of resistant germplasm (HoCP 85-845 and CP 70-321 in 
sugarcane;  XL-7 and XL-8 in rice hybrid cultivars), both from a perspective of minimizing yield 
reduction as well as potentially reducing the build-up of area-wide pest populations (Reay-Jones 
et al. 2005, Way et al. 2006). However, with the exception of L 03-371, the newer high yielding 
sugarcane cultivars do not have similar levels of resistance (Reay-Jones et al. 2005). 
Alternate Hosts 
Replicated non-crop host studies in 2006 indicated that, of five prominent weed hosts attractive 
to E. loftini, Johnson grass (Sorghum halepense), Amazon sprangletop (Leptochloa panicoides), 
broadleaf signal grass (Urochloa platyphylla), Vasey grass (Paspalum urvillei), and barnyard 
grass (Echinochloa crus-galli), more than 80% of the plants showed either feeding signs or 
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boring. However, all life stages were found only in S. halepense, L. panicoides and P. urvillei. 
Transects conducted in the main Texas rice area in the spring of 2007, showed that rice plants 
were still too small to host stem borers. E. loftini densities during May 22-27 in the lower 
(Jackson County), middle (Chambers County), and upper (Jefferson County) Texas rice area 
field margins were 1.17, 0.84, and 0.22 third instar or larger per m2. S. halepense stems harbored 
28.6%, 22.6% and 64.3% of E. loftini immatures recovered in upper, middle, and lower areas, 
respectively. P. urvillei harbored 57.1%, 61.3%, and 35.7% of E. loftini infestation for the three 
counties in their respective order. Preliminary information indicates that the relative importance 
of the non-crop hosts may change at different times of the year. 
Forecasting 
It is predicted that the impact of this invasive alien species in the semi-tropical sugarcane/rice 
management system of Louisiana can be reduced by (i) 29% with irrigation, (ii) 46% with up to 
four applications (in addition to the one currently in use) of biorational insecticides, and (iii) 24% 
with resistant cultivars. Combinations of management anticipate a 45% reduction with resistant 
cultivars and insecticides and a 59% reduction from all three. With a projected yield loss of up to 
$220 million in Louisiana, a balanced IPM approach from a proactive programme using resistant 
cultivars, minimizing plant stress with irrigation, and timely biorational insecticidal applications 
is forecasted to save $130 million per annum. In addition to these management strategies, the 
proportion of the different phenological stages of the graminaceous crop and non-cultivated hosts 
will also influence the success of IPM. An area-wide systems analysis component will help 
forecast pest reductions. This programme has received extensive funding from United States 
Department of Agriculture competitive grants and stakeholder support. 
 
References  
Reay-Jones, F P F; A T Showler; T E Reagan; B L Legendre; M O Way; E B Moser.  (2005). Integrated tactics for 

managing the Mexican rice borer (Lepidoptera: Crambidae) in sugarcane.  Environmental Entomology, 34, 
1558-1565. 

Reay-Jones, F P F; L T Wilson; A T Showler; T E Reagan; M O Way. (2007a). Role of oviposition preference in an 
invasive Crambid impacting two graminaceous host crops.  Environmental Entomology, 36, 937-950. 

Reay-Jones, F P F; L T Wilson; M O Way; T E Reagan; C E Carlton. (2007b). Movement of the Mexican rice borer 
(Lepidoptera: Crambidae) through the Texas rice belt. Journal of Economic Entomology, 100, 54-60.  

Way, M O; F P F Reay-Jones; T E Reagan. (2006). Resistance to stem borers among Texas rice cultivars. Journal of 
Economic Entomology, 99, 1867-1876.  

CP 70 -321               NCo 310                HoCP  85-845

LCP 85-384

 Fig. 2.  Severe damage to sugarcane from the Mexican rice borer under 
drought and salt stress conditions at Ganado, TX, in 2002.  Replicated 
cultivar experiment under natural infestation pressure.  
(Reay-Jones et al. 2003) 

Fig. 1.  Severe damage by natural infestations of stem borers at Ganado, TX in 
2003.  Foreground left to right:  plots 1, 2 and 5 were not protected from attack, 
while 3 and 4 were protected.   
 
Texas Rice 4(5): 3-5.  Yields in this 2003 rice study under natural borer 
infestations (50% MRB/50% SCB showed a mean difference of 5000 lbs rice/acre 
between stem-borer protected and unprotected plots. 
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MONITORING MEXICAN RICE BORER MOVEMENT 

 T. E. Reagan1, M. O. Way2, J. M. Beuzelin1, W. Akbar1, and L.T. Wilson2 
1Department of Entomology 

2Texas AgriLife Research and Extension Center at Beaumont 
 

Cooperative studies on the Mexican rice borer (MRB), Eoreuma loftini (Dyar), between 
the LSU AgCenter, the Texas A&M University research station at Beaumont, the Texas 
Department of Agriculture and the Louisiana Department of Agriculture and Forestry were 
conducted to monitor the movement of this insect towards Louisiana and to study the population 
dynamics of this devastating pest of sugarcane that can not be controlled with simple insecticide 
applications. The MRB has been the major economic pest in Texas sugarcane since it established 
in 1980, quickly surpassing the pest severity of the sugarcane borer, Diatraea saccharalis (F.).   

A major monitoring effort has been on-going since 2000 with the various cooperating 
agencies as well as with the assistance from farmers, county agents, and consultants.  After the 
discovery in Brazoria, Colorado, Fort Bend, Waller and Wharton Counties in 2000, Harris and 
Austin Counties in 2001, Galveston in 2002, Chambers and Liberty in 2004, a new county was 
documented with MRB invasion (Jefferson) in 2005 (Fig. 1 and Table 2).  The MRB is now 
found within seven miles of Beaumont, less than 25 miles from the Louisiana border and has 
been moving at a rate of 14.4 miles/year since it was discovered in Texas in 1980. Each year, 
infestations in newly invaded counties were initially low, but increased the following years 
(Table 1).  Regulatory activities involving both Departments of Agriculture will continue to be 
important to Louisiana sugarcane farmers in order to delay the invasion of this very serious pest. 

Extensive attempts involving several millions of dollars in research to introduce MRB 
parasites have not resulted in effective control in the Lower Rio Grande Valley of Texas.  In our 
program, alternative control methods involving varietal resistance and cultural practices were 
investigated.  In a field experiment conducted in 2007, the new variety L01-299 suffered 26.1% 
bored internodes. L 03-371 suffered the least damage by MRB (7.1% bored internodes).  Based 
on results for the last several years, moderate levels of resistance are recorded in HoCP 85-845 
(16.9% bored internodes in 2007 test at Ganado, TX).  Our work for the last several years on this 
devastating pest has emphasized the importance of using multiple tactics in combination to 
manage this pest, which will be necessary when MRB becomes established in the Louisiana 
sugarcane industry. 

 
Appreciation is expressed to the American Sugar Cane League for grants to the LSU 

Sugarcane Entomology program in partial support of this work, also supported by national 
USDA competitive grants and collaboration with county agents and agricultural consultants. 
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Table 1. Pheromone trap collections of Mexican rice borer (Eoreuma loftini) moths in Southeast  
              Texas from 2003 to 2007, i.e. MRB range expansion. 
 
Texas counties 2003 2004 2005 2006 2007 

Liberty 0 413 1586 8672 2090 

Chambers 0 6 3843 7321 4165 

Jefferson 0 0 5 239 717 

 

 

N

2000
Prior to 2000

2001
2002

None yet found

2004

Jefferson
Orange

Calhoun

Jackson
Matagorda

Colorado

Brazoria

Chambers

Wharton

Fort 
Bend Galveston

Harris

Liberty
WallerAustin

0                                    75

miles

2005

LA

 

Fig. 1.  Movement of the Mexican rice borer through the East Texas rice and sugarcane area,    
            2000-2007. 
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Table 2:  Pheromone trap collections of Mexican rice borer (Eoreuma loftini) moths in Southeast Texas during 20071. 
 

Texas Counties April May June July August September October November Total 

Previously Known Counties          

Chambers - 222 531 353 656 1117 846 440 4165 

Colorado 243 106 116 112 264 218 269 343 1671 

Galveston - - 68 110 224 303 456 245 1406 

Jackson 97 137 242 110 189 175 266 199 1415 

Jefferson 21 19 49 43 135 187 240 23 717 

Liberty - - 239 207 - 564 810 270 2090 

Waller - 104 448 313 862 1801 2216 1079 6823 

No MRB Collected          

Orange - - 0 0 0 0 0 0 0 
 

1Number of moths per two traps per month 
- collections not complete for this month  
 
In addition to work of the county agents, trap sampling was also conducted by technicians in M.O. Way’s lab (Mark Nunez and 
Rebecca Pearson).  



Resistance to the Mexican Rice Borer and Sugarcane Borer Among 
Experimental Sugarcane Cultivars at Ganado, TX in 2008. 

 
T.E. Reagan1, W. Akbar1, and J.M. Beuzelin1, M.O. Way2  

1Department of Entomology, LSU AgCenter 
2Texas AgriLife Research and Extension Center at Beaumont 

 
Nine sugarcane cultivars (HoCP 85-845, L 99-233, L 01-299, L 03-371, HoCP 04-814, 

HoCP 04-838, HoCP 04-847, L 05-457, L 05-459) were planted on November 13, 2007 to assess 
resistance to the Mexican rice borer (MRB). A randomized complete block design with five 
replications and 10-ft plots was used. 

For borer injury assessment, fifteen sugarcane stalks per plot were randomly selected and 
dissected on August 18-20, 2008. Data were recorded from experimental varieties that were still 
in the program.  The proportion of bored internodes was analyzed using a generalized linear 
model (Proc Glimmix, SAS Institute 2004) with a binomial distribution. Differences were not 
detected among cultivars with L 03-371 (37% bored internodes) showing a trend for being the 
most susceptible and L 01-299 (20% bored internodes) the most resistant cultivar (Figure 1). 
HoCP 85-845, the least MRB susceptible cultivar (Reay-Jones et al. 2003, 2005) had 23% bored 
internodes from the Mexican rice borer. 

L 03-371 was the most resistant cultivar in the 2007 cultivar screening test; however, 
during 2008 this cultivar did not maintain the expected resistance level.  This may largely be 
attributed to the difference in rainfall between 2007 and 2008, in addition to a different 
fertilization regime in 2008.  The average rainfall during April to August 2007 was 4.44 inches, 
whereas in 2008 there were 2.05 inches of rain for the same time period.  It is likely that 
relatively more rains in May, June, and July of 2007 (Fig. 2) might have rendered sugarcane less 
stressed, which could have contributed to the observed  resistance in L 03-371 in 2007 data 
collection.  This inconsistency in the results for the same cultivar signifies the importance of 
climatic factors such as rain in the ecology of a plant stress-related insect like the Mexican rice 
borer. 
 
 Figure 1.  Destructive sampling of sugarcane on August 18-20, 2008 at Ganado, TX. 
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Figure 2.  Rainfall in Jackson County 2004-2008. 
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Small Plot Assessment of Insecticides Against the Mexican Rice borer in  
Commercial Texas Sugarcane 

 
Waseem Akbar1, Julien M. Beuzelin1, T.E. Reagan1, A.T. Showler2, and M.O. Way3  

1Department of Entomology, LSU AgCenter  
2USDA Agricultural Research Center at Weslaco, TX  

3Texas AgriLife Research and Extension Center at Beaumont 
 

Insecticidal control of the Mexican rice borer (MRB) is being evaluated at the J. 
Pennington Farms near Raymondville, Texas during the summer and fall of 2008.   A 
randomized block experimental design is conducted with 5 replications of the variety ‘CP 
70-1210’ ratoon.  Each plot consists of three 24-ft rows.  Insecticide treatments were 
applied on 6 June, 1 July, 6 August, 8 September.  Surfactant CS-7 was added in all 
treatments at a rate of 0.25% vol/vol and treatments were applied with a Knapsack Solo 
sprayer with a pressure of 25-35 psi at 20 gpa using an 8002 hollow cone nozzle.  Data 
on the percent MRB bored internodes will be collected on the center row of each plot 
during the fall. The proportion of bored internodes will be analyzed using a generalized 
linear model (Proc Glimmix, SAS Institute 2004) with a binomial distribution.  In 
addition, Mexican rice borer pheromone lure traps are being monitored weekly adjacent 
to study field with the assistance and appreciation of Jim Trolinger of United Agri 
Products.  

The field plot design list of treatments is as follows:  

REP 5 B5 E5 D5 F5 A5 C5  

REP 4 D4 F4 C4 A4 E4 B4  

REP 3 C3 A3 B3 E3 F3 D3  

REP 2 E2 D2 F2 B2 C2 A2 GRAVEL RD 

REP 1 A1 B1 C1 D1 E1 F1 
POWER 
LINES 

   
FIELD 
ROAD     

        

TREATMENT CHEMICAL RATE (oz/acre)   
A CONFIRM 12     
B BAYTHROID 2.8     
C UNTREATED CONTROL     
D DIAMOND (Novaluron) 12     
E BELT 4     
F RYNAXPYR 5.3     
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Small Plot Assessment of Insecticides Against the Mexican Rice Borer and 
Sugarcane Borer in Texas Energy Cane 

 
 

M.O. Way1, M.S. Nunez1, R.A. Pearson1, T.E. Reagan2, Gary Schwarzlose3 and Mike Doguet4 

1Texas AgriLife Research and Extension Center at Beaumont 
2Department of Entomology, LSU AgCenter 

3Bayer CropScience, 1331 Rolling Creek, Spring Branch, TX 
4Doguet’s Farms, 615 Westbury Rd., China, TX 

 
 Control of Mexican rice borer and sugarcane borer by various rates of Belt SC is being 
conducted at the Doguet’s Farm in Nome, TX during the summer and fall of 2008.  The 
experimental design is a randomized block with 5 treatments and 4 replications.  Each plot 
contains three, 24 ft rows with 5½ ft row spacing.  Insecticide treatments were applied on 1 July 
(all trts.), 1 August (trts. 3, 4 and 5), 2 August (trt. 2). All treatments included the surfactant Aero 
Dyne-Amic at a rate of 0.5% v/v and were applied with a 3 gal backpack spray rig equipped with 
a 3 nozzle (8002) boom.  Data on percent bored internodes by internode position with separation 
of Mexican rice borer and sugarcane borer will be collected from a minimum of 20 stalks on the 
center row of each plot at harvest time. 
 
 
→North 

I II III IV V 
1 4 2 5 3 4 4 1 5 3 
6 1 7 4 8 3 9 2 10 4 

11 5 12 1 13 2 14 3 15 1 
16 2 17 3 18 5 19 4 20 5 
21 3 22 2 23 1 24 5 25 2 

Plot size = 3 rows x 24 ft; 5 ½ ft between rows 
Variety = L70-1002 

R
O

A
D

 

 
 

Treatment No. Description 
Rate 

fl oz/A 
1 Untreated --- 
2 Baythroid XL 1EC 2.8 
3 Belt SC 2.0 
4 Belt SC 3.0 
5 Belt SC 4.0 
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Stem Borer Infestations in Non-Crop Hosts: a Sentinel Plant Experiment 
 

T. E. Reagan1, J. M. Beuzelin1, W. Akbar1, M.O. Way2, and L.T. Wilson2 
1Department of Entomology, Louisiana State University AgCenter, Baton Rouge, LA 

2Texas AgriLife Research and Extension Center at Beaumont 
 

 
A 4-replication sentinel plant experiment involving five weed species selected according 

to species abundance near rice production fields, and according to their potential as stem borer 
alternate hosts was conducted during the summer of 2006. Johnsongrass (Sorghum halepense), 
Amazon sprangletop (Leptochloa panicoides), broadleaf signalgrass (Urochloa platyphylla), 
vaseygrass (Paspalum urvillei), barnyardgrass (Echinochloa crus-galli), and rice (Oryza sativa, 
cultivar Cocodrie) were grown for eight weeks in a greenhouse prior to being carried and 
transplanted in a rice field.  

Destructive sampling at 30 days post-transplanting showed that both Mexican rice borer 
and sugarcane borer attacked all weed species and rice. All stages of both borer species were 
found in johnsongrass, Amazon sprangletop, vaseygrass, and rice (Table 1). Indicating lifecycle 
completion, the percentage of large larvae and pupae collected from the following grasses on a 
per plant basis were 50%, 20%, and 7% for Amazon sprangletop, johnsongrass, and vaseygrass, 
respectively. However, only small larvae were found in broadleaf signalgrass and in 
barnyardgrass. Thus, stem borers are unlikely to complete their life cycle on these two grasses, 
maybe due to a smaller stem diameter. These results show that large-stemmed non-cultivated 
plants likely play an important role in the population dynamics of stem borers in the rice 
agroecosystem. 
 
 
Table 1. Attributes of stem borer infestations in non-crop grasses after a 4 weeks exposure 
to natural infestations, Aug-Sep 2006, Ganado, TX. 

 
  % of plants withª    

 Bored 
Stems 

Stem borer 
immatures 

Large borer 
immatures 

No. stem borer 
immature/plantb 

% MRB vs. 
SCBc 

Sprangletop 97.5 a 67.5 a 60.0 a 2.35 a 55.4 
Rice 72.5 b 70.0 a 22.5 ab 1.33 ab 43.2 

Johnsongrass 62.5 b 42.5 ab 25.0 ab 0.98 b 42.6 
Barnyardgrass 72.5 b 20.0 bc 10 b 0.45 b 73.6 

Broadleaf 
signalgrass 55.0 bc 30.0 abc 7.5 b 0.35 b 58.1 

Vaseygrass 25.0 c 5.0 c 2.5 b 0.10 b 50.0 
Pr> F <0.0001 <0.0001 =0.0007 =0.0003 =0.1238 

ªArcine transformed data, SAS, Proc Mixed, bSAS, Proc Glimmix (Poisson distribution), cSAS, Proc Glimmix 
(Binomial distribution). Means within a column with the same letters are not significantly different (Tukey’s HSD, 
α= 0.05). 

 
This research is a part of the Ph.D. Dissertation studies of J.M. Beuzelin. 
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Role of Non-Crop Grasses in Stem Borer Population Dynamics 
 

T. E. Reagan1, J. M. Beuzelin1, W. Akbar1, M.O. Way2, and L.T. Wilson2 
1Department of Entomology, Louisiana State University AgCenter, Baton Rouge, LA 

2Texas AgriLife Research and Extension Center at Beaumont 
 

Three farms were selected in the upper (N 30.059°, W 94.279°), middle (N 29.855°, W 
94.544°), and lower (N 29.027°, W 96.439°) Texas rice production area. On each farm, non-
cultivated habitats (i.e. field margins) were sampled to estimate stem borer natural infestation 
densities in non-crop grasses. Two transects were drawn along field margins. Each transect was 
sampled at three random locations, with at each location three 1-m2 quadrats randomly selected 
within a 10-m radius. For each quadrat, grasses were cut at soil level. Grasses were identified 
and their relative abundance visually estimated before being dissected to recover stem borers. 
Surveys were conducted on a six to eight week basis from the first week of April, 2007 to the 
second week of February, 2008 to estimate the pattern of stem borer population density across 
the seasons. 

Early in April, prevalent grasses were annual grasses such as Phalaris spp., Lolium spp., 
and Bromus spp., but also johnsongrass and vaseygrass. Stem borer densities observed are 
reported in Table 1. Vaseygrass harbored 64% of the stem borers, while no immatures were 
found in johnsongrass. Later in May, the prevalent grasses were johnsongrass and vaseygrass. At 
this time of the year, rice plant were still too small and do not host stem borers. Johnsongrass and 
vaseygrass harbored 39% and 51% of stem borer infestations, respectively. In December, 
vaseygrass and senescing johnsongrass were the most prevalent grasses. However, senescing 
annuals such as hairy crabgrass (Digitaria sanguinalis (L.) Scop.) or fall panicum (Panicum 
dichotomiflorum Michx.) represented more than 25% of the grasses dissected. Johnsongrass and 
vaseygrass harbored 35% and 53% of stem borer infestations, respectively. In February, 
significant stem borer populations had overwintered in grasses. This study shows that non-crop 
habitats have the potential to play a critical role in stem borer population build-up during the 
spring. 
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Table 1. Stem borer infestations in rice field margin grasses in different southeast Texas 
regions, April 2007-February 2008. 
 

Date & Region No. stem borer immatures / m2 
1st wk April MRB SCB  

Upper 0 0 
Middle 0.61 0 
Lower 0.06 0 

3rd wk May   
Upper 0.39 0 
Middle 1.72 0 
Lower 2.33 0.11 

5th wk June   
Upper 0.11 0 
Middle 1.72 0 
Lower 0.50 0 

2nd wk August   
Upper 0.17 0 
Middle 1.72 0 
Lower 3.39 1.11 

2nd wk October   
Upper 1.56 1.94 
Middle 1.00 0.06 
Lower 3.56 0.72 

2nd wk December    
Upper 1.33 0.89 
Middle 5.72 0.17 
Lower 2.28 0 

3rd wk February   
Upper 1.17 0.11 
Middle 3.61 0 
Lower 1.00 0 

 
MRB = Mexican rice borer 
SCB = Sugarcane borer 
 
 
This research is a part of the Ph.D. Dissertation studies of J.M. Beuzelin. 
 



FORUM

Predicting Economic Losses from the Continued Spread of the
Mexican Rice Borer (Lepidoptera: Crambidae)

F.P.F. REAY-JONES,1,2,3 L. T. WILSON,1 T. E. REAGAN,4 B. L. LEGENDRE,5 AND M. O. WAY1

J. Econ. Entomol. 101(2): 237Ð250 (2008)

ABSTRACT The Mexican rice borer, Eoreuma loftini (Dyar) (Lepidoptera: Crambidae), is an
invasive species that originated from Mexico, and it is threatening to cause major economic losses to
sugarcane, Saccharum spp., and rice, Oryza sativa L., industries in Louisiana. The insect is expected
to reach sugarcane and rice production areas in Louisiana by 2008, and infest all of Louisiana sugarcane
and rice industries by 2035. When all sugarcane in Louisiana becomes infested, annual yield losses of
$220 million would be expected for a cultivar of comparable susceptibility to LCP 85-384 (assuming
this cultivar is planted on 100% of the production area). This also assumes the use of the current
practice of rainfed production and one application of insecticide, which is presently used by farmers
in Louisiana. Irrigation with 30 cm of water is predicted to reduce estimated losses by 29%, whereas
four applications of a biorational insecticide such as tebufenozide are expected to reduce the loss in
revenue by 53%. The use of the resistant ÔHoCP 85-845� would reduce the projected loss in revenue
by 24%. Combining all three management tactics on sugarcane, anticipated net loss in revenue would
decrease by 66%. The rice industry in Louisiana is projected to suffer from a loss in revenue of $45
million when the entire state is infested. A 77% reduction in loss in revenue is expected with one
application of lambda-cyhalothrin. A quarantine on east Texas sugarcane is estimated to save the
Louisiana industry between $1.1 billion and $3.2 billion (depending on management) during the time
needed for the insect to fully invade the stateÕs sugarcane and rice producing area by natural migration
rather than by accidental introduction. The rapid deployment of appropriate management tactics will
have a key role in reducing the anticipated economic impact of E. loftini once it becomes a pest in
Louisiana sugarcane and rice.

KEY WORDS Mexican rice borer, sugarcane, rice, movement

The economic impact of invasive species in the United
States has been estimated at $137 billion annually
(Pimentel et al. 2000). Invasive pests represent a grow-
ing threat because of expanding global trade causing
increased encounters between host plants and herbi-
vores (Schwalbe and Hallman 2002). In addition to
their economic impact, nonindigenous species can
have severe negative effects on biodiversity and the
structure of ecosystems (Elton 1958, Mann 1994, Wil-
liams and Baruch 2000). Invasive species represent a
major risk to threatened or endangered species in the
United States because of competition and predation
(Wilcove and Chen 1998, Pimentel et al. 2000). An
estimated $500 million is spent annually in the United

States on pesticides to control nonindigenous species
(Pimentel et al. 2000).

To counter the impact of invasive species, quaran-
tine methods are used to prevent, detect, contain, and
eradicate unwanted organisms that may affect hu-
mans, animals, plants, and the natural environment
(Mumford 2002). Eradication is deÞned as the elim-
ination of all reproducing individuals of a species or
the reduction of their population density below levels
necessary to be sustained (Myers et al. 2000). Eradi-
cation can be used when the long-term cost of damage,
control, or both are expected to exceed the short-term
cost of elimination (Myers et al. 1998). Among the
attempts in the United States, the boll weevil (An-
thonomus grandis grandisBoheman [Coleoptera: Cur-
culionidae]) eradication program has generally been
successful by preventing diapause, decreasing repro-
duction and reducing in-season survival by using in-
secticides and cultural practices (Smith 1998). In ad-
dition to using effective insecticidal control and
ultimately having the dedicated support of the par-
ticipants, the monophagous behavior of the boll wee-
vil in the infested areas enabled the areawide man-
agement of the pest on a single host species. The gypsy
moth, Lymantria dispar L. (Lepidoptera: Lymantri-
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idae), a polyphagous pest of deciduous and coniferous
trees (Elkinton and Liebhold 1990), has been eradi-
cated in several regions where the moth is not per-
manently established, and distant from the expanding
population front in the eastern United States (Sharov
et al. 2002, Tobin et al. 2004). An unsuccessful erad-
ication program targeted the black imported Þre ant,
Solenopsis richteri Forel (Hymenoptera: Formicidae),
and the red imported Þre ant, Solenopsis invictaBuren
(Hymenoptera: Formicidae), which were introduced
in the United States in Mobile, AL, in 1918 and be-
tween 1933 and 1945, respectively (Taber 2000). Thir-
teen states were infested by S. invicta by 2000 (Calcott
et al. 2000), and the aggressiveness of this species has
limited the range of S. richteri to the northeastern
corner of the total imported Þre ant range (Taber
2000). Fire ants are omnivores, feeding on diverse
food sources from animals, plants, fungi, and bacteria
(Taber 2000). Quarantine and eradication efforts in-
volved the widespread use of broad-spectrum and
persistent insecticides, which can lead to negative
effects on nontarget organisms such as mammals and
Þsh (Myers et al. 2000). The elimination of native
arthropod species caused by the use of broad-spec-
trum pesticides led to the rapid reestablishment of S.
invicta and the termination of eradication programs.

Myers et al. (2000) suggested that six factors con-
tributed to the success of an eradication program: 1)
Þnancial resources must be available to complete the
program, 2) the lead agency must have the legal au-
thority to implement the program in all infested areas,
3) the invasive species must be susceptible to sup-
pression tactics, 4) reinvasion after eradication efforts
must be prevented, 5) detection of the insect should
be possible at low densities, and 6) eradication involv-
ing environmentally sensitive species can require the
restoration or management of the ecosystem after the
target pest has been removed. Successful eradication
is often achieved at small scales, such as an island, and
is more challenging when attempts are made over
large geographical areas (Robertson and Gemmell
2004). At larger scales, factors that lead to success
include a powerful suppression method, early detec-
tion and rapid initiation of the eradication program,
low reproductive rate and poor adaptation of the spe-
cies to its new range (Myers et al. 1998). Success is
often achieved when the target pest has a limited
distribution, either through host or habitat speciÞcity,
or geographical isolation (Myers et al. 1998).

When eradication attempts fail or are not feasible,
alternative strategies are used to reduce the abun-
dance and impact of invasive species. Eradication of
the gypsy moth is not possible in areas that are not
isolated from the advancing population front; suppres-
sion of outbreaks is achieved by mating disruption and
insecticidal control that reduce population abundance
(Sharov et al. 2002, Tobin et al. 2004). The failure of
the Þre ant eradication programs based on the use of
insecticides has led to the investigation of alternative
tactics, including the use of biological control agents
(Taber 2000). Attempts to eradicate the citrus black-
ßy, Aleurocanthus woglumi Ashby (Hemiptera: Aley-

rodidae), in Texas and Florida by using insecticides
were unsuccessful (Klassen 1989, Tefertiler et al.
1991); biological control programs were subsequently
initiated and were effective in managing the pest (Te-
fertiler et al. 1991, Meagher and French 2004).

Among the nonindigenous species in the United
States, the Mexican rice borer,Eoreuma loftini (Dyar)
(Lepidoptera: Crambidae), was Þrst reported in Ari-
zona in 1917 (Dyar 1917). Specimens were later found
in southern California (Osborn and Phillips 1946);
however, the insect did not become a major pest in the
United States until 1980 when it became established in
sugarcane, Saccharum spp. hybrids, in the Lower Rio
Grande Valley of Texas (Johnson and van Leerdam
1981). Transportation of infested crop hosts likely
accelerated the movement of the insect from Mexico
into Texas (Johnson 1984). By 1989, its range had
expanded northeasterly into the rice (Oryza sativaL.)
production area of Texas (Browning et al. 1989),
where it is causing increasing yield loss (Way et al.
2006). In 2005,E. loftinimoths were discovered within
�50 km from Louisiana, and the invasion of Louisiana
is expected (Reagan et al. 2005, Reay-Jones et al.
2007c).

Although applications of insecticides can reduce E.
loftini injury to sugarcane, the effect on yield has
rarely been signiÞcant in small experimental plots
(�0.6 ha) (Meagher et al. 1994, Legaspi et al. 1999b),
and producers in Texas have discontinued their use
(Legaspi et al. 1999b). A recent small plot study
showed a strong trend (P � 0.09) for increased yield
in small plots treated with tebufenozide (Reay-Jones
et al. 2005b), suggesting the potential effectiveness of
this chemical at a commercial scale. Extensive at-
tempts at classical biological control have not resulted
in the establishment of effective E. loftini parasitoids
(Meagher et al. 1998). In contrast, the use of resistant
sugarcane cultivars and irrigation to reduce plant
stress has shown potential to decrease both injury and
the production of E. loftinimoths in sugarcane (Reay-
Jones et al. 2003, 2005b). In rice, E. loftini can be
effectively controlled by combining the use of insec-
ticides (Reay-Jones et al. 2007a) with resistant culti-
vars (Way et al. 2006). Eradication of this pest in the
United States has not been attempted and does not
seem feasible because of the lack of effective suppres-
sion tools, the ability of E. loftini to develop on a
multitude of host species (Dyar 1917, Morrill 1925,
Osborn and Phillips 1946, Van Zwaluwenburg 1926,
Johnson 1984) and the wide geographical distribution
of the insect.

Research and extension efforts are currently fo-
cused on reducing the economic impact ofE. loftini as
it moves through the Texas rice belt and in anticipa-
tion of the invasion of the Louisiana sugarcane and
rice industries, which in 2006 farm gate receipts were
valued at $537,821,316 and $235,342,339, respectively
(Anonymous 2007). Sugarcane injury caused by E.
loftini in the Lower Rio Grande Valley of Texas has
averaged 20Ð30% bored internodes (Legaspi et al.
1999a). Estimates of the effects of borer damage on
revenue, based on a 20% level of bored internodes,
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vary from $575/ha, when considering only the pro-
ducerÕs loss (Meagher et al. 1994), to $1,181/ha, when
considering the effect on producers and millers (Le-
gaspi et al. 1999a). On rice, yield losses up to 2,040
kg/ha caused by stem borers E. loftini and the sugar-
cane borer, Diatraea saccharalis (F.) (Lepidoptera:
Crambidae), have been reported in small plot insec-
ticide studies in Texas (Reay-Jones et al. 2007a). The
objectives of this study were to predict the impact of
E. loftinidamage and the effectiveness of management
strategies on rice and sugarcane before its range ex-
pansion into Louisiana.

Materials and Methods

Predicted Moth Movement. The most recent dis-
covery of E. loftini in a new Texas county (detected
with pheromone traps) occurred in September 2005 at
the Texas A&M University Agricultural Research and
Extension Center in Beaumont in Jefferson County,
TX (Reay-Jones et al. 2007c). As of September 2007,
E. loftini has not yet been found in pheromone traps
east of Beaumont (T.E.R., unpublished data). Pre-
dicted expansion of the insectÕs range toward Louisi-
ana was initiated from this location (30� 03�54.4� N, 94�
18�2.85� W; Fig. 1) at the rate of 16.5 km/yr (scenario
1), which is the average annual rate of spread through
the Texas rice belt since 2000 (Reay-Jones et al.
2007c). ArcMap (ESRI Inc. 2004) was used to deter-
mine the projected annual areas infested in Louisiana,
assuming a constant rate of spread. Areas where E.
loftini is expected to become established during suc-

cessive years were derived with the Jefferson county
trap location as the center and radii equal to multiples
of the average annual rate of spread. The geometric
intersections of Louisiana parishes were used to esti-
mate the annual area infested in each parish (Fig. 1).

Sugarcane from east Texas was transported to a mill
at Jeanerette, LA (29� 54�12� N, 91� 43�25� W; Fig. 1),
for processing before the discovery ofE. loftini in 2005.
The transport of sugarcane from these Þelds for pro-
cessing in Louisiana was prohibited by quarantine in
2005 (Reay-Jones et al. 2007c). As an alternative sce-
nario, our study evaluated the impact of the introduc-
tion of E. loftini into Louisiana in 2007 through the
transport of sugarcane in Louisiana. Two leading
fronts of infestation (from Beaumont and Jeanerette)
were used (scenario 2) to estimate the annual area
infested at the average rate of spread, as previously
described.

Intersections between area infested and parish area
were determined for each crop and each year across
all parishes in Louisiana (equation 1 using the pro-
duction areas for sugarcane (Legendre and Gravois
2006) and rice (Louisiana State University Agricul-
tural Center 2006). This method assumes that both
crops are distributed uniformly over an entire parish.

mij � �
k � 1

65

pikAjk [1]

wheremij is area infested withE. loftini for the ith crop
and jth year across all k parishes in Louisiana, pjk is

Rice
Sugarcane

Rice and sugarcane
No rice or sugarcane

LouisianaTexas

100 km

Historical
Movement Projected Movement

Beaumont
Jeanerette

2000

2004
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1980

2010 2015
2020
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2030 2035

Fig. 1. Historical and projected movement of E. loftini in Texas and Louisiana.
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proportion infested with E. loftini for the jth year and
the kth parish, and Aik is production area for the ith
crop and the kth parish.
Potential Impact on Sugarcane.We assume that the

E. loftini pressure in Louisiana will reach the same
level as in Ganado, TX, where injury in a small plot test
reached 57% bored internodes (caused by E. loftini
feeding) under untreated conditions using ÔLCP 85-
384� (Reay-Jones et al. 2005b), currently planted on
89% of the acreage in Louisiana (Legendre and Gra-
vois 2006). Data from a Þeld study evaluating insec-
ticide applications, host plant resistance and irrigation
onE. loftini injury and yield were used to estimate the
effectiveness of management strategies (Reay-Jones
et al. 2005b).
InjuryEstimatesDerived fromFieldData. Estimates

of injury based on the Þeld data of Reay-Jones et al.
(2005b) were determined using iterative nonlinear
least squares regression based on the modiÞed GaussÐ
Newton method (JMP, SAS Institute 2002).

Pijk � Ci � Tj � Ik [2]

where Pijk is proportion of E. loftini bored internodes
for cultivar i (i� 1 for resistant ÔHoCP 85-845� and i�
2 for susceptible LCP 85-384), insecticide treatment j
(j� 1 for insecticide treated and j� 2 for untreated)
and irrigation regime k (k � 1 for irrigated and k � 2
for nonirrigated); Ci is the relative impact of cultivar
i on E. loftini-bored internodes; Tj is the relative im-
pact of insecticide treatment j on E. loftini-bored in-
ternodes; Ik is the relative impact of irrigation regime
k on E. loftini bored internodes.

The parameters of the regression model were used
to quantify the relative effectiveness of each manage-
ment tactic (host plant resistance, insecticide and ir-
rigation) in reducing E. loftini injury (Table 1). For
each management strategy, equation 3 provides an
estimate of the degree of resistance/tolerance (culti-
var) or suppression (insecticide, irrigation).

1 � FL/FH [3]

where FL is lowest estimated value for a factor and FH

is highest estimated value for a factor.
Because plot size can affect the effectiveness of

insecticides (Cantelo 1986) and resistant cultivars
(Adjei-Maafo and Wilson 1983), results from our small
plot test were adjusted to reßect expected results
under large scale commercial conditions, as described

in the following paragraphs. A 45% reduction in injury
was determined in small scale plots treated with seven
applications of tebufenozide, corresponding to an es-
timated 8.1% reduction in injury per application ([1 �
0.45][1/7]). In contrast, using data from a large-scale
experiment (plot size, 8 ha; four applications of
tebufenozide) representative of a commercial Þeld
(T.E.R., J. McGee, and C. A. Blanco, unpublished
data), insecticide applications reduced injury by 73%.
This corresponds to an estimated 27.8% reduction in
injury per application ([1 �0.73][1/4]). Therefore,
tebufenozide was 27.8/8.1 � 3.4 times more effective
in the large-scale plots.

Data on the relative susceptibility of cultivars LCP
85-384 and HoCP 85-845 to E. loftini injury is not
available in large scale plots. Adjei-Maafo and Wilson
(1983) showed that the reduction in pest populations
that occurs in nectariless cotton decreased when the
size of the plots increased (i.e., injury increased as plot
size increased). Fitting an exponential decay model to
the data from Adjei-Maafo and Wilson (1983) resulted
in equation 4.

Ri � a � b � e��c� Pi	 [4]

with a � 0.2939, b � 0.0841, and c � 0.2908 (F �
436249; df � 1, 1; P 
 0.0001; r2 � 0.99)
where Ri is reduction in arthropods on nectariless
cotton compared with nectaried cotton at plot size i;
Pi is plot size i; and a, b, and c are constants.

Extrapolating the potential increase in injury on
HoCP 85-845 as plot size increases from 0.0033 to 20
ha (an average Þeld size in Louisiana), this cultivar
would have 24% less injury than LCP 85-384 in a Þeld
of 20 ha, rather than the observed 31% in the small plot
study. Using the same approach as for the resistant
cultivar (equation 4, irrigated sugarcane is expected to
have 36% less injury than nonirrigated sugarcane in a
Þeld of 20 ha, rather than 46% in the small plot study.
Relationship between Injury and Yield. Equation 5

presents the relationship between estimated recover-
able sugar per hectare (ERS/ha) and the percentage
of E. loftini bored internodes (BI) (F � 25.5; df � 1,
30; P 
 0.0001; r2 � 0.46) (Reay-Jones et al. 2005b).

ERS/ha � 5,631 � 67.9 � BI [5]

For every increase in one percent bored internodes, a
67.9 kg/ha decrease in yield (1.2%) is anticipated. In
the absence of injury (BI � 0), a yield of 5,631 kg/ha

Table 1. Relative effectiveness of each control strategy on E. loftini injury in sugarcane

Management
strategy

Strategy level

Nonadjusteda Adjusteda

Parameter
estimatesb

Reduction in
injury (%)

Parameter
estimatesb

Reduction
in injury

Cultivar Resistant (HoCP 85-845) 0.663 31.3 0.730 24.4
Susceptible (LCP 85-384) 0.966 0.966

Insecticide Treated 0.280 44.6 0.137 72.8
Untreated 0.504 0.504

Irrigation Irrigated 0.607 45.6 0.720 25.5
Nonirrigated 1.117 1.117

a Adjusted for plot size.
b F � 226; df � 1, 4; P 
 0.0001; r2 � 0.99.
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is expected, which is close to the average yield mea-
sured in Louisiana mills in 2005 (Legendre and Gra-
vois 2006).
Economic Analysis. The gross value of the yield loss

was obtained using the U.S. market price of $0.452/kg
sugar (Breaux and Salassi 2005). The net loss in rev-
enue was calculated using variable costs of $66.2/ha
for each insecticide application ($53.9/ha for the in-
secticide [tebufenozide] and $12.4/ha for the aerial
application) obtained from Breaux and Salassi (2005)
and $73.2/ha for irrigation (30.4 cm of water at $2.4/
ha/cm) obtained from Viator et al. (2000). An average
of one insecticide application (with a range of zero to
three applications) is currently used to manage D.
saccharalis inLouisiana sugarcane.Forourpredictions
of the economic impact of E. loftini in Louisiana,
applications of insecticide above the current average
(one application) were included as an additional cost.
To extrapolate the effectiveness of one, two, three and
four applications of insecticide, we assume a curvilin-
ear response between number of insecticide applica-
tions and yield. With an application of tebufenozide
reducing injury by 27.8%, each additional spray pro-
tects the crop from a smaller population, and therefore
saving less than each proceeding spray. The different
scenarios tested in our analyses were 1) four applica-
tions of insecticide, 2) three applications, 3) two ap-
plications, and 4) one application. The estimated eco-
nomic impact ofE. loftiniper hectare of sugarcane was
calculated as the sum of the cost of injury and the cost
of the management tactic (Table 2).

Predicted E. loftini bored internodes are given in
Table 2 for each management tactic combination by
using the parameters in equation 2. The impact of E.
loftini as it moves through Louisiana was estimated as
the product of the area of sugarcane infested by the
loss in revenue per hectare of sugarcane.
Potential Impact on Rice. Both E. loftini and D.

saccharalis are pests of rice in the Texas rice belt.
Whitehead panicles are used to quantify stem borer
injury and the species responsible is typically not
identiÞed (Way et al. 2006, Reay-Jones et al. 2007a).
Based on larval sampling in rice culms, the proportion

of each species varies from year to year. For our
analysis, we assume that yield loss in Þeld studies in
Texas was caused equally by the two borer species.
Insecticidal Control. Data from a 4-yr insecticide

study with ÔCocodrieÕ (Reay-Jones et al. 2007a) were
used to relate stem borer whiteheads to rice yield (F�
142.2; df � 1, 242; P
 0.0001; r2 � 0.37) (equation 6).

Yield � 9,410 � 214.8 � Wh [6]

where Yield is yield expressed in kilograms per hect-
are, and Wh is number of whiteheads per square
meter.

For every increase in one whitehead per m2, a de-
crease in yield of 214.8 kg/ha, or 2.3%, is expected. The
average number of whiteheads per m2 in plots which
did not receive insecticide applications was 12.6
(Reay-Jones et al. 2007a), corresponding to a pro-
jected yield loss of 14.4%. The average number of
whiteheads per m2 in plots treated with lambda-cy-
halothrin from the 5-cm panicle to heading stage was
3.6 (one application) and 0.89 (two applications)
(Reay-Jones et al. 2007a), corresponding to projected
yield losses of 4.1 and 1.0%, respectively. Data are not
currently available on insecticides efÞcacy in large-
scale rice Þelds to manage stem borers. Assuming a
similar effect of plot scale as on sugarcane, insecticides
will be 3.4 times more effective at reducing E. loftini
injury in large-scale plots than in small-scale plots.
Adjusted for plot size, projected yield losses caused by
stem borer injury are 4.1/3.4 � 1.2% and 1.0/3/4 �
0.29%, respectively.

The average rice yield in Louisiana was 6,630 kg/ha
in 2005 (USDA NASS 2006) with a projected yield loss
caused by E. loftini injury of 950 kg/ha (no insecti-
cides), 272 kg/ha (one application of lambda-cyhalo-
thrin) and 67 kg/ha (two applications of lambda-cy-
halothrin). The market price of $0.22/kg of rice
(Johnson et al. 2006) was used to estimate the cost of
yield loss caused by E. loftini injury. Variables and
their costs were aerial application ($11.1/ha) and
lambda-cyhalothrin ($19.1/application/ha) (Salassi
and Breaux 2006). The cost of the impact of E. loftini

Table 2. E. loftini injury and yield loss estimated from a 2004 field study in Ganado, TX (Reay-Jones et al. 2005b) and estimated
net cost for grower

Management tactic
Bored

internodes (%)

Adjusted bored
internodes

(%)a

Yield
loss (%)

Yield loss
(kg/ha)

Management
cost ($/ha)

Cost
($/ha)b

None 56.7 54.4 65.3 3,694 0 1,668
Insecticidec 26.5 14.8 17.8 1,004 118 571
Irrigationd 27.8 35.1 42.1 2,382 73 1,149
Plant resistancee 35.6 41.1 49.3 2,793 0 1,261
Insecticide � irrigation 19.0 9.5 11.4 647 191 483
Insecticide � plant resistance 23.4 11.2 13.4 759 118 461
Plant resistance � irrigation 20.2 26.5 31.8 1,801 73 887
Plant resistance � irrigation � insecticide 12.5 7.2 8.6 490 191 412

a Adjusted for plot size.
bCost ($/ha) � yield loss (kg/ha) � sugar price ($0.452/kg) � management cost ($/ha).
c Four applications of tebufenozide at the cost of three applications ($118/ha).
d Two applications of 15.2 cm of water at $2.4/ha/cm (Viator et al. 2000).
eUsing resistant HoCP 85-845 rather than susceptible LCP 85-384.
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on rice is calculated as the sum of the cost of injury and
the cost of the insecticide applications.
Using Alternative Cultivars. Cocodrie is currently

the most popular rice cultivar in Louisiana (Way et al.
2006). Hybrid rice ÔCLXL8� has consistently shown
reduced injury and higher yields than Cocodrie in
small plot studies in Texas (Way et al. 2006). The value
of using an alternate cultivar is estimated by assuming
CLXL8 is planted on 100% of the rice production area
in Louisiana. The two scenarios are 1) no insecticide
application and 2) three applications of lambda-cyha-
lothrin. Data from Way et al. (2006) were used to
relate stem borer whiteheads to rice yield for Coco-
drie (F � 31.2; df � 1, 14; P 
 0.0001; r2 � 0.69) and
for CLXL8 (F � 3.5; df � 1, 14; P � 0.082; r2 � 0.20)
(equations 7 and 8).

Cocodrie: Yield � 8,783 � 157.3 � Wh [7]

CLXL8: Yield � 9,886 � 566.9 � Wh [8]

whereYield is yieldexpressed inkilogramsperhectare
andWh is number of whiteheads per square meter.

For every increase in one whitehead per m2 on
CLXL8, a decrease in yield of 566.9 kg/ha, or 5.7%, is
expected. We assume half of the yield loss is caused by
E. loftini feeding, i.e., 2.9%, and the other half by D.
saccharalis.The average number of whiteheads/m2 in
untreated plots was 1.25 (Way et al. 2006), corre-
sponding to a projected yield loss of 3.6%. Extrapo-
lating thepotential increase in injuryonCLXL8asplot
size increases from 0.0006 ha to 20 ha (an average Þeld
size in Louisiana), this cultivar would have 1.5 white-
heads per m2 under untreated conditions, rather than
the observed 1.25 in the small plot study. Insecticides
are again estimated to be 3.4 times more effective at
reducing E. loftini injury in large-scale plots than in
small scale plots. Adjusted for plot size, projected
injury caused by E. loftini is 0.049 whiteheads/m2 for
the insecticide treated CLXL8, corresponding to an
adjusted projected yield losses of 0.4%.

Cocodrie is expected to have a yield of 8,783 kg/ha
in the absence ofE. loftini injury (equation 7). CLXL8
yield was 12.4% greater than the yield of Cocodrie in
treated plots and 7.6% greater in untreated plots. Seeds
for hybrid rice cultivars cost $193/ha more than con-
ventional cultivars. However, less nitrogen (169 kg/ha
for hybrid and 202 kg/ha for conventional cultivars
[Bond et al. 2005] at $0.99/kg) and no fungicide
($55.2/ha; Salassi and Breaux 2006, Tarpley and Jund
2006) are recommended for hybrid cultivars; thus, the
additional cost of using hybrid seeds is $105.1/ha. The
impact of E. loftini as it moves through Louisiana is
estimated as the product of the area of rice infested by
the gain or loss in gross income per hectare of rice.

Results

PredictedMothMovement. E. loftini is expected to
reach sugarcane and rice growing areas in Louisiana
by 2008 under scenario 1 (Figs. 1 and 2A). The insect
is projected to invade the entire state by 2042 (Fig. 1).
In 2005, sugarcane and rice were grown in Louisiana

on 182,982 and 212,260 ha, respectively. The sugarcane
and rice industries are expected to be 50% infested by
2025 and 2019, respectively, and both 100% infested by
2035 (Figs. 1 and 2A).

Were Louisiana not to prevent movement of in-
fested sugarcane from Texas into Louisiana and were
E. loftini to accidentally become established at the
Jeanerette location (scenario 2), E. loftini would
be projected to invade the entire state by 2028. The
sugarcane and rice industries are expected to be 50%
infested by 2011 and 2014 and 100% infested by 2019
and 2028, respectively (Fig. 2B).
Potential Impact on Sugarcane. Projected annual

loss in revenue per hectare ranges from $412 when
usinga resistantcultivar(HoCP85-845), irrigationand
four insecticide applications, to $1,668 when using a
susceptible cultivar (LCP 85-384) without irrigation
or insecticide (Table 1). The use of four applications
is estimated to be more cost-effective than either one,
two or three applications (Fig. 3A). Annual losses in
revenue of $220 million, when the entire state is in-
vaded, would be expected for LCP 85-384 with no
irrigation and one application of insecticide (Fig. 3A),
which represents the greatest predicted loss in net
revenue. This assumes that LCP 85-384 is planted on
100% of the production area in Louisiana andE. loftini
damage is similar to what we have previously mea-
sured in Texas. Applications of 30 cm of water reduced
the loss in revenue by 29% (Fig. 3B). Under nonirri-
gated conditions, four applications of tebufenozide
are expected to reduce the loss in revenue caused by
E. loftini damage by 53%. Combining the use of in-
secticide and irrigation, the expected loss in net rev-
enue was reduced by 60%. The use of the resistant
HoCP 85-845 reduced statewide loss in revenue by
24%, at no additional cost for the grower and assuming
the deployment of the resistant cultivar is immediate
(Fig. 3C). Combining the resistant cultivar and irri-
gation, a 45% reduction in revenue loss is expected
(Fig. 3D). A 66% reduction in the loss in revenue is
expected using all three management tactics in com-
bination.

The transport of infested sugarcane from east Texas
to Jeanerette, LA, would advance the infestation of the
entire sugarcane industry by 16 yr (Fig. 2B). Until E.
loftini invades the entire state by natural migration,
the quarantine is expected to save up to $221 million
(no management) or $72 million (resistant cultivar,
irrigation and insecticides) annually in loss in net reve-
nue, depending on control tactics deployed (Fig. 4).
Potential Impact on Rice.When E. loftini is present

in the entire rice industry, a total annual loss of $45
million in net income is expected. A 77% reduction in
loss in revenue is expected with one application of
lambda-cyhalothrin, and a 69% reduction in loss in
revenue with two applications (Fig. 5A). The hybrid
cultivar CLXL8 is expected to yield 506 kg/ha more
than the average 2005 Louisiana yield of 6,630 kg/ha,
despiteE. loftini injury. The increase in yield using the
hybrid cultivar CLXL8 with no insecticide corre-
sponds to an additional $6.40/ha in net income, rep-
resenting an additional $1.3 million/yr in statewide
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gross income when the entire state is infested. Three
applications of insecticide with CLXL8 resulted in a
decrease of $3 million in net annual income when the
entire state is infested (Fig. 5B). UntilE. loftini invades
the entire state by natural migration, the quarantine is
expected to save up to $27 million (no control) or $9
million (using CLXL8) annually, depending on con-
trol tactics deployed (Fig. 4).

Discussion

Quarantine. From 1999 to 2004, sugarcane was
transported from southeastern Texas (�50 km from
Louisiana) to Jeanerette, LA. In September 2004, E.
loftiniwas detected for the Þrst time in the sugarcane-
producing region of southeastern Texas, prompting a
previously agreed to quarantine by the Louisiana De-

partment of Agriculture and Forestry and the Texas
Department of Agriculture (Reagan et al. 2005). A
1.6-km radius quarantine was initiated around loca-
tions in Þelds where E. loftini moths were captured,
prohibiting the transport of sugarcane from quaran-
tined Þelds into Louisiana for processing. In 2005, the
quarantine was expanded to all sugarcane growing in
southeastern Texas after discovery of E. loftini moths
in more easterly locations. The objective of the quar-
antine is to slow the spread of E. loftini moths into
Louisiana. Based on the average annual rate of spread
of 16.5 km/yr, the insect is expected to invade the
entire sugarcane industry by 2035 (Fig. 1). However,
once sugarcane in western Louisiana becomes in-
fested, transportation of the crop to mills might in-
crease the rate of spread. Decisions will then be made
on whether to continue the current quarantine

Fig. 2. Projected proportion of sugarcane, rice and the state of Louisiana infested by E. loftini (A) without transport of
infested sugarcane to Jeanerette, LA; and (B) with transport of infested sugarcane to Jeanerette, LA.
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method that is used on sugarcane planted in the east-
ern edge of the Texas rice belt (Fig. 1). Analysis of
historical records of the gypsy moth in North America
showed varying rates of spread from 9.5 to 20.8 km/yr,
with variability linked to human-caused movement
(Liebhold et al. 1992). Similar variability in spread rate
would be expected withE. loftini if infested sugarcane
is moved within Louisiana. If the rate of E. loftini
spread through Louisiana were to increase, the pro-
jected economic losses presented in Fig. 3 would be
advanced by several years. Sugarcane producers in
southeast Texas were severely impacted by not being
able to transport sugarcane to Louisiana for process-
ing. Essentially, the 404-ha industry in southeastern
Texas died. This represents �$1.03 million loss in gross
income. In contrast, had this transport to sugarcane
mills in Jeanerette, south of Lafayette, LA, continued
and resulted in E. loftini becoming established in this
area, the impact would have been considerable (Fig.
4). The quarantine is estimated to save the Louisiana
sugarcane industry between $1.1 and $3.2 billion (de-

pending on management) during the time needed for
the insect to invade the state by natural migration
rather than by introduction.
Assumptions. Our method uses the following as-

sumptions: 1) E. loftini damage on sugarcane and rice
in Louisiana will be similar to damage levels deter-
mined in studies in the Texas rice belt; 2) the rate of
spread of E. loftini through Louisiana will remain con-
stant in all directions from the 2005 location near
Beaumont, TX; 3) production areas and yields of sug-
arcane and rice in Louisiana will remain constant; 4)
sugarcane and rice yields are identical across Louisi-
ana; and 5) the effect of stem borer control on sug-
arcane yield is proportional to the number of appli-
cations. Based on E. loftini pheromone trap catches,
densities remain high throughout the Texas rice belt,
even on the northern front in newly invaded counties
as the insect moves toward Louisiana (Reay-Jones et
al. 2007c). This suggests that the species has not yet
reached the limits of its range and will continue to
disperse.

Fig. 3. Projected loss in revenue caused by E. loftini injury and control in Louisiana sugarcane (without transport of
infested sugarcane to Jeanerette, LA). Plots show efÞcacy of insecticide applications with (A) no additional control, (B)
irrigation, (C) host plant resistance, and (D) irrigation and host plant resistance. The deployment of the resistant cultivar
is assumed immediate.
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Laboratory studies by Browning and Smith (1988)
showed that E. loftini is able to withstand relatively
prolonged periods of cold temperatures, with 89% and
64% larval survival at �5�C after 24 and 72 h, respec-
tively. Therefore, it is not unreasonable to assume that
the insect will invade the entire state of Louisiana.
Differences in rainfall between Ganado, TX, and Lou-
isiana might have a substantial effect on E. loftini
damage on sugarcane. Average annual rainfall from
eight weather stations (Louisiana State University Ag-
ricultural Center) in the Louisiana sugarcane industry
was 138 cm from 2002 to 2005. Annual rainfall in 2003
and 2004 at the Jackson County weather station, lo-
cated 16 km from the research site in Ganado, TX
(Crop Weather Program for South Texas, Texas A&M
University Agricultural Research and Extension Sta-
tion, Corpus Christi), was 92 and 127 cm, respectively.
This indicates that nonirrigated sugarcane in Ganado,
TX, were likely more drought stressed than sugarcane
in Louisiana. Because irrigation can substantially re-
duce E. loftini damage (Reay-Jones et al. 2005b), sug-
arcane might not suffer from such severe damage in
Louisiana. With 46% less yield loss than nonirrigated
plots, irrigated plots in Ganado, TX, received an ad-
ditional 30 cm of water in 2004 (for a total of 157 cm),
thus 19 cm more than the average rainfall in Louisiana.
Water availability will likely be a key factor affecting
the severity of infestations and management when the
insect becomes established in Louisiana sugarcane.
Management on Sugarcane. Tebufenozide is cur-

rently the most widely used insecticide on sugarcane
for D. saccharalis control in Louisiana, representing
�70% of the foliar applications. This insecticide has a
substantially reduced impact on nontarget arthropods
in comparison with the pyrethroids lambda-cyhalo-
thrin, esfenvalerate, and cyßuthrin used to control D.
saccharalis in Louisiana sugarcane (Reagan and Posey
2001). Growers in Louisiana currently achieve ade-

quate control ofD. saccharaliswith an average of one
and a range of zero to three applications of insecticide
per year (Rodriguez et al. 2001). However, there is
concern regarding the potential for resistance to
tebufenozide among D. saccharalis populations in
Louisiana (Reay-Jones et al. 2005a). When E. loftini
becomes established in Louisiana, growers will likely
increase the frequency of insecticide applications be-
cause of the limited effectiveness of chemical control
involving this pest, thus increasing selection pressure
onD. saccharalis. The selection pressure caused by an
increase in insecticide applications is another cost that
can shorten the life ofE. loftinimanagement programs.

The life stage of E. loftini targeted for chemical
control is the neonate larva, which disperses from dry
leaves where the eggs are deposited to green parts
of the plant (van Leerdam et al. 1986). The difÞculty
of applying pesticides to foliage in the lower parts of
sugarcane, combined with the narrow window during
which larvae are exposed, diminishes the commercial
effectiveness of insecticides. Weekly applications of
insecticides can reduce the percentage of bored in-
ternodes, but the effect on sugarcane yield was not
always signiÞcant in Þeld studies (Johnson 1985,
Meagher et al. 1994, Legaspi et al. 1999a). Continuous
sea breeze also interferes with the efÞcacy of insec-
ticide aerial applications in southern Texas. Insecti-
cides have had such limited success in providing con-
sistentcontrolofE. loftini thatmost sugarcanegrowers
in the Lower Rio Grande Valley of Texas have aban-
doned this control approach (Legaspi et al. 1999a).
However, insecticidal control will likely beneÞt by
using tebufenozide because it is less toxic than the
pyrethroid cyßuthrin to the E. loftini parasitoid Allor-
hogas pyralophagus Marsh (Hymenoptera: Bra-
conidae) (Legaspi et al. 1999b). With such inconsis-
tent results in Texas sugarcane, it is anticipated that

Fig. 4. Annual increase in income achieved by imposing a quarantine on the movement of infested sugarcane from east
Texas to a mill in Jeanerette, LA.
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insecticides will not be as important of a management
tactic as for D. saccharalis in Louisiana.

A Þeld study in Texas showed that irrigating sug-
arcane had a major impact on reducing both E. loftini
injury and the production of moths on several Loui-
siana sugarcane cultivars (Reay-Jones et al. 2005b). In
commercial production, growers in the Lower Rio
Grande Valley of Texas can irrigate sugarcane, which
reduces E. loftini injury. In contrast, the majority of
Louisiana sugarcane growers are not equipped to ir-
rigate, andextendedperiodsofdrought in recentyears
have produced conditions that could aggravate E.

loftini infestations. Irrigation did not increase sugar-
cane yield in a Þeld experiment conducted during the
spring drought of 1998 in Louisiana (Viator et al.
2000). The authors suggested that control plots were
not sufÞciently drought stressed to detect differences.
However, the beneÞts of using irrigation in Louisiana
sugarcane might be emphasized because of its dele-
terious effect on E. loftini damage. A small number of
growers in western Louisiana are able to irrigate their
sugarcane, which potentially could be used as an E.
loftini control tactic. Minimizing plant stress by ap-
plying irrigation water has the potential to be an ef-

Fig. 5. Projected (A) loss in net income with insecticidal control and (B) increase in net income with an alternative
cultivar and insecticidal control in Louisiana rice to reduce E. loftini injury (without transport of infested sugarcane to
Jeanerette, LA).
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fective management tool in some areas prone to
drought (Reay-Jones et al. 2005b).

Resistant cultivars can reduce both E. loftini injury
and the production of moths (Reay-Jones et al. 2003),
but were planted on only 3% of the production area in
2005 (Legendre and Gravois 2006). Sugarcane is a
perennial crop in Louisiana that can be harvested
three or more times before replanting is necessary.
Meristem propagation and heat treatment are used to
produce healthy “seed” cane to control ratoon stunt-
ing disease caused by Leifsonia xyli subsp. xyli in Lou-
isiana (Hoy and Flynn 2001). Growers plant cultured
seed cane that is sold from a commercial seed cane
company. The healthy cane is too expensive to be sent
to the mill; therefore, the Þrst crop is often harvested
and replanted as propagated cane. The harvest from
the propagated cane is then planted, and the next
harvest is sent to sugarcane mills. The replacement of
the currently widespread susceptible cultivars by a
resistant cultivar such as HoCP 85-845 could take sev-
eral years, allowing a buildup of E. loftini populations
and severe damage. The high-yielding cultivar LCP
85-384 was immediately accepted by growers upon its
release in 1993. The cultivar was grown on only 29%
of the production area in 1997 and 91% in 2004. Similar
time lags would be expected if growers were to adopt
E. loftini-resistant cultivars. The use of a limited num-
ber of cultivars or cultivars with similar genotypes is a
risk that has been taken in the Louisiana sugarcane
industry because of the exceptionally high yields of
the stem borer susceptible cultivars. The majority of
sugarcane industries worldwide do not plant a single
cultivar on such a large proportion of their production
areas (Tew 1987). Outbreaks of rust (Puccinia mela-
nocephala) in Cuba and orange rust (Puccinia kuehnii)
in Australia led to a diversiÞcation of cultivars to avoid
major yield losses in these industries (Legendre and
Gravois 2006). Because of the recent increase in in-
fection of LCP 85-384 with rust, a diversiÞcation of
cultivars is anticipated in the Louisiana sugarcane in-
dustry in coming years. However, recently released
cultivars remain susceptible to stem borers (Reay-
Jones et al. 2003, Legendre and Gravois 2006), and
there is currently no available resistant cultivar that
produces a yield similar to LCP 85-384 in the absence
of insect injury. The imminent arrival and establish-
ment of E. loftini in Louisiana underlines the need for
thedevelopmentofhighyielding resistantcultivars for
a proactive management plan.
Management on Rice. Stem borers were once con-

sidered major pests of rice in the United States, espe-
cially in southern Louisiana (Douglas and Ingram
1942). The incidence of stem borers decreased, such
that insecticide applications were no longer required
in the 1980s (Way 1990). Reasons for the reduced
impact of stem borers during this period include 1) the
widespread use of insecticides to control stink bugs; 2)
the use of more resistant cultivars; and (3) improved
cultural practices, including destruction of posthar-
vest residue (Way 1990). However, an increase in D.
saccharalisoccurrence in recent years, combined with
the invasion ofE. loftini, has emphasized the necessity

to develop more effective stem borer management
strategies for the Texas and Louisiana rice industries
(Castro et al. 2004, Way et al. 2006, Reay-Jones et al.
2007a).

Because of the cost of application, our projections
show that one application of insecticide on rice was
slightly more effective than two. E. loftini oviposition
on rice is not as concealed as on sugarcane, indicating
potential increased exposure in the Þeld to mortality
factors such as parasitoids, predators and insecticides
(Reay-Jones et al. 2007b). The reduced biomass of rice
relative to sugarcane also suggests that E. loftini eggs
and larvae are more exposed to chemicals on rice.
Hybrid cultivars have higher yields than the more
popular conventional cultivars, even when stem borer
injury occurs on hybrid cultivars (Way et al. 2006).
Because rice is an annual crop, deployment of new
cultivars would require less time than for sugarcane.
The effectiveness of insecticides has so far not led to
the widespread use of more resistant cultivars in the
Texas rice belt. Because insecticides are more effec-
tive on rice relative to sugarcane, E. loftini may not
represent as severe a threat to rice.

Despite the relative reduced severity of damage on
rice compared with sugarcane, E. loftini populations
produced from rice seem to have the ability to move
to sugarcane when both crops are grown in proximity
and cause substantial yield loss on sugarcane (Reay-
Jones et al. 2005c, 2007b). Because of reduced stem
borer injury, resistant rice cultivars might produce
fewer moths than more susceptible cultivars, although
data are not yet available to support this hypothesis
(Reay-Jones et al. 2005c). The beneÞt of resistant rice
cultivars may, therefore, become even more apparent
when considering simultaneously the impact of E.
loftini on both crops.
Some Ecological Considerations. E. loftini sur-

passedD. saccharalis in economic importance as soon
as it was detected in sugarcane in the Lower Rio
Grande Valley of Texas (Johnson 1984). Rather than
competition among the two stem borer species, the
decline inD. saccharalis incidence is attributed to the
successful introduction of Cotesia flavipes (Cameron)
(Hymenoptera: Braconidae) in Texas (Fuchs et al.
1979). Attempts at introducingC.flavipes to controlD.
saccharalis have not been successful in Louisiana
(White et al. 2004), where D. saccharalis is currently
the major pest of sugarcane (Reagan 2001). With
greater densities of D. saccharalis in Louisiana sugar-
cane than in southern Texas, increased competition
between the two stem borers that share similar niches
may affect the establishment of E. loftini. A decrease
in available resources caused by competition may de-
crease the incidence of an invasive species (Tilman
1997, 1999). In Kenya, 30 yr of data showed that the
introduced stem borer Chilo partellus (Swinhoe)
(Lepidoptera: Crambidae) is gradually displacing the
indigenous stem borer Chilo orichalcociliellus Strand
(Lepidoptera: Crambidae), both of which are pests of
maize and sorghum (Ofomata et al. 1999). However,
the absence of a negative association between C. par-
tellus andC. orichalcociliellus in a Þeld survey suggests
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that the intrinsically superior attributes of the intro-
duced species is indirectly responsible for decreasing
the survival of the native species, thus causing the
partial displacement (Ofomata et al. 1999). Competi-
tion among E. loftini and D. saccharalis has not yet
been studied and may inßuence the incidence of both
stem borers in Louisiana.

Conditions favorable to rapid growth of sugarcane
(warm temperatures and abundant rainfall) increase
D. saccharalis infestations (Holloway et al. 1928, Hen-
sley 1971, Botelho et al. 1977, Posey 2004). Infestations
of D. saccharalis on sugarcane may, therefore, confer
to the plant vigor hypothesis, which predicts en-
hanced insect performance on healthy and rapidly
growing plants (Price 1991). An opposite pattern oc-
curs with E. loftini on sugarcane, where infestations
increase under stress and have been associated with
higher levels of several essential free amino acids for
insect development (Reay-Jones et al. 2005b). The
plant stress hypothesis postulates that outbreaks of
insect herbivores occur under plant stress conditions
because of the increased nutritional value of the host
plant, mainly due to an increase in available nitrogen
(White 1984). Because of differences in the response
of E. loftini and D. saccharalis to the availability of
water on sugarcane, the similarity of the ecological
niches of each stem borer species is reduced, thus
potentially decreasing competition. Water availability
will likely have a major role in determining the dy-
namics of each stem borer species on sugarcane in
Louisiana.

In conclusion, this analysis has shown that major
economic losses are anticipated to occur as E. loftini
spreads through Louisiana. The movement of in-
fested host crops could have a key role in acceler-
ating the rate of dispersal. The quarantine of in-
fested crops is projected to overwhelmingly reduce
the rate of spread of E. loftini throughout Louisiana.
Anticipating the spread of this species provides a
basis for developing an integrated pest management
(IPM) program for this devastating insect pest of
several important crops along the Texas and Loui-
siana Gulf Coast. A balance of control tactics is
nearly always a recommended approach to achieve
a greater permanency in IPM programs (Luckmann
and Metcalf 1994). On sugarcane, our work has
shown that the use in combination of host plant
resistance, irrigation, and insecticides is more ef-
fective in controlling E. loftini than any single man-
agement tactic alone. On rice, resistant cultivars,
and the properly timed use of insecticides, are ef-
fective in managing E. loftini. It is anticipated that
future work will investigate the role that alternate
host plant species have on the dynamics of E. loftini
in the Louisiana and Texas sugarcane and rice agro-
ecosystems. Because E. loftini is able to develop on
so many host species, an areawide approach to re-
duce populations would require an understanding
of the interactions among these different host plants
and the herbivore. Once E. loftini becomes estab-
lished in Louisiana, the rapid deployment of appro-
priate management tactics will have a key role in

reducing the anticipated economic impact of this
insect.
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Dermacor X-100 Seed Treatment for Stem Borer Control 
 

M. O. Way, M. Nunez, and B. Pearson 
Texas A&M Research and Extension Center, Beaumont, TX 

 
A field experiment was conducted in 2008 at the Texas A&M Research Site at Ganado.  

Plots were arranged in a complete randomized block with 11 treatments and 4 replications. Plots 
(6 rows, 7.5 in. row spacing, 16 ft long) were drill-planted on Apr 24 with cultivars Cocodrie @ 
80 lb/A and XL 723 @ 36.1 lb/A into into Edna soil (pH 5.5, sand 3.2%, silt 32.4%, clay 64.4%, 
and organic matter 3.8 - 4.8%). Emergence occurred on May 4. Mustang Max @ 0.025 lb ai/A 
was applied over the entire block on Jun 3 for rice water weevil control. Treatments 1 – 7 were 
seed treatments applied by DuPont. Treatments 8 and 9 were applied on Jul 11 (1-2” panicle) 
and Jul 18 (late boot). 

Whiteheads were counted in 4 middle rows of each plot on Aug 1. Panicle were also 
counted (panicles/1 ft of row, 2 counts/plot) on Aug 1. Twenty whiteheads from border plots 
were dissected for stem borers (2 sugarcane borer and 6 Mexican rice borer larvae) on Aug 1. 

Dermacor X-100 seed treatments provided a significant decrease in stem borer injury and 
associated yield loss (Table 1). Efficacy of foliar applications of Karate Z was comparable to that 
of Dermacor X-100. 

 
Table 1. Data for DuPont seed treatments for stem borer control. Ganado, TX. 2008. 

Trt Variety Description 
Rate 
mg 

ai/seed 

Panicles/ft 
of row 

No. 
WHb 

Yield 
lb/A 

1 Cocodrie Dermacor X-100 0.025 23 5 c 6835 c 
2 Cocodrie Dermacor X-100 0.05 25 4 cd 6769 cd 
3 Cocodrie Dermacor X-100 0.10 24 0 ef 6759 cd 
4 XL723 Dermacor X-100 0.025 26 7 bc 8261 b 
5 XL723 Dermacor X-100 0.05 22 2 de 8409 b 
6 XL723 Dermacor X-100 0.10 26 0 f 9070 a 
7 Cocodrie X X 23 30 a 6209 de 

8 Cocodrie Karate Z 0.03 lb 
ai/A 23 1 ef 6652 cd 

9 XL723 Karate Z 0.03 lb 
ai/A 22 0 f 8681 ab 

10 Cocodrie Untreated --- 24 28 a 5808 e 
11 XL723 Untreated --- 24 10 b 7036 c 

    NS   
 a Karate Z applied at 1-2 in. panicle and again at late boot, Dermacor X-100 and X are seed treatments. b WH = 

whiteheads in 4 middle rows. Means in a column followed by the same letter are not significantly (NS) different 
(P = 0.05, ANOVA and LSD). 
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Dermacor X-100 Seed Treatment for Stem Borer Control 
Ganado, TX 

2008 
 

PLOT PLAN 
 

I II III IV 
1 3 12 9 23 4 34 6 
2 5 13 11 24 1 35 5 
3 7 14 2 25 8 36 3 
4 9 15 4 26 5 37 10 
5 11 16 10 27 2 38 8 
6 1 17 6 28 7 39 4 
7 4 18 3 29 9 40 1 
8 6 19 1 30 10 41 11 
9 8 20 5 31 11 42 2 
10 10 21 7 32 6 43 7 
11 2 22 8 33 3 44 9 

Note: smaller numbers in italics are plot numbers 

R
O

A
D

 
Agronomic and Cultural Information 

 
Irrigation: Flushed blocks (temporary flood for 48 hours, then drain) on Apr 10 
 Note: Plots were flushed as needed from emergence to permanent flood 
 Permanent flood (PF) on Jun 5 
 
Fertilization: All fertilizer (urea) was distributed by hand. 
 45-45-45 (lbs N-P-K/A) on Apr 7 at preplant 
 60 lb N/A (urea) on Jun 3 before permanent flood (BF) 
  
Herbicide:  Aerosolo applied @ 3.0, Command 3ME @ 0.2, Permit @ 0.06 and Facet @ 

0.35 lb ai/A on May 14 
 Aerosolo @ 3.0 lb ai/A on Jun 3 
 
Harvest: Harvested on Aug 26 
 Size harvested plot = 4 rows, 7.5 in. row spacing, 16 ft long 
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Dermacor X-100 Seeding Rate Study 
 

M. O. Way, M. Nunez, and B. Pearson 
Texas A&M Research and Extension Center, Beaumont, TX 

 
A field experiment was conducted in 2008 at the Texas A&M Research Center of 

Beaumont. Plots were arranged in a split-plot design with seeding rate as the main plot treatment 
(30, 60 and 90 lb/A) and Dermacor X-100 seed treatment rate as sub plot treatment (untreated, 
0.0125, 0.025, 0.05, 0.1 mg ai/seed). There were 4 replications. Plots (7 rows, 7 in. row spacing, 
18 ft long with metal barriers) were drill-planted on Apr 10 with cultivars Cocodrie into League 
soil (pH 5.5, sand 3.2%, silt 32.4%, clay 64.4%, and organic matter 3.8 - 4.8%). Emergence 
occurred on Apr 22. 

 
Although yields were not impacted, rice water weevil infestations increased with 

decreased seeding rates (Tables 1 and 2). Dermacor X-100 seed treatments provided increasing 
rice water weevil control with increasing rates. However, yields among the different seed 
treatment rates were not different. 

 
Table 1. Mean data for Dermacor X-100 seeding rate for rice water weevil control. 
Beaumont, TX. 2008. 

No. RWWb/5 
cores 

Seed 
rate 
lb/A 

Treatment 
Rate 

mg ai/seed 
(lb ai/A)a 

Plants/3 
ft of row 

Jul 4 Jul 16 

No. 
WHb 

Yield 
lb/A 

30 Untreated --- 15 82 37 22 7952 
30 Dermacor X-100 0.0125 (0.016) 17 16 16 4 8853 
30 Dermacor X-100 0.025 (0.031) 16 3 4 1 8812 
30 Dermacor X-100 0.05 (0.062) 16 2 2 0 9018 
30 Dermacor X-100 0.1 (0.124) 18 0 0 1 8843 
60 Untreated --- 30 76 20 11 8297 
60 Dermacor X-100 0.0125 (0.031) 33 5 1 1 8969 
60 Dermacor X-100 0.025 (0.062) 31 2 1 1 8854 
60 Dermacor X-100 0.05 (0.124) 31 1 0 1 8936 
60 Dermacor X-100 0.1 (0.248) 31 0 0 0 8713 
90 Untreated --- 45 81 17 15 8183 
90 Dermacor X-100 0.0125 (0.047) 48 4 4 5 8909 
90 Dermacor X-100 0.025 (0.093) 45 1 1 2 8937 
90 Dermacor X-100 0.05 (0.186) 49 0 0 2 9105 
90 Dermacor X-100 0.1 (0.373) 49 0 0 4 9256 

abased on 18,800 Cocodrie seeds/lb. b RWW = rice water weevil, WH = whiteheads in 4 middle rows. 
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Table 2. Statistical analysis of data in Table 1. 
No. RWWb/5 cores 

 Plants/3 ft of 
row Jul 4 Jul 16 

No. WHb Yield 
lb/A 

Main plot effects:      
30 lb/A 16 c 21 a 12 a 6 a 8696 
60 lb/A 31 b 17 b 5 b 3 b 8754 
90 lb/A 47 a 17 b 4 b 6 a 8878 

Sub plot effects:     NS 

Untreated 30 79 a 25 a 16 a 8144 b 
0.0125 mg ai/seed 32 8 b 7 b 3 b 8910 a 
0.025 mg ai/seed 31 2 c 2 c 1 b 8868 a 
0.05 mg ai/seed 32 1 cd 1 cd 1 b 9020 a 
0.1 mg ai/seed 33 0 d 0 d 2 b 8937 a 

Interactions: NS     
Seeding rate x 
treatment rate P = 0.7478 P = 0.0064 P = 0.0250 P = 0.3527 P = 0.8900 
a RWW = rice water weevil. 
b WH = whiteheads in 4 middle rows. 
Means in a column followed by the same or no letter are not significantly (NS) different (P = 0.05, ANOVA and 
LSD). 
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Dermacor X-100 Seeding Rate Study 
Beaumont, TX 

2008 
 
⇐ North 
 I  II  III  IV 

1 2 16 1 31 5 46 1 
2 5 17 4 32 2 47 5 
3 4 18 2 33 3 48 3 
4 3 19 5 34 4 49 4 
5 1 20 3 35 1 50 2 
6 3 21 5 36 4 51 1 
7 5 22 1 37 2 52 3 
8 2 23 2 38 1 53 2 
9 1 24 4 39 5 54 4 

10 4 25 3 40 3 55 5 
11 4 26 1 41 1 56 5 
12 3 27 5 42 3 57 4 
13 2 28 2 43 2 58 2 
14 1 29 4 44 4 59 3 
15 5 30 3 45 5 60 1 

 
  
 
 
 

Treatment No. Description Rate (mg ai/seed) 
1 Untreated --- 
2 Dermacor X-100 0.0125 
3 Dermacor X-100 0.025 
4 Dermacor X-100 0.05 
5 Dermacor X-100 0.1 

90 lb/A 60 lb/A 30 lb/A   
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Dermacor X-100 Seeding Rate Study 
Beaumont, TX 

2008 
 

Agronomic and Cultural Information 
 
Irrigation: Flushed blocks (temporary flood for 48 hours, then drain) on Apr 11 
 Note: Plots were flushed as needed from emergence to permanent flood 
 Permanent flood (PF) on May 14 
 
Fertilization: All fertilizer (urea) was distributed by hand.  
 56.7 lb N/A (1/3 of 170) on Apr 11 at planting 
 56.7 lb N/A (1/3 of 170) on May 14 at PF 
 56.7 lb N/A (1/3 of 170) on May 28, 2 weeks after PF 
 40 lb N/A on Jun 23 
 
Herbicide: Stam 80EDF @ 2.0 lb, Basagran @ 0.75 lb, Facet 75DF @ 0.25 lb and Ordram 

@ 2.0 lb (AI)/acre and Agri-Dex @ 1.0 pt/acre with a 2-person hand-held spray 
boom (13- 80015 nozzles, 50 mesh screens, 16 gpa final spray volume) on May 1 
for early season weed control 

 
Harvest: Harvested plots on Aug 11 
 Size harvested plot = 7 rows, 7 in. row spacing, 18 ft long 

 



Field Map of Louisiana Sugarcane Variety Test at Texas A&M Research 
Site, Ganado, TX 
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Road 
 

One row plots 10 ft long, with 5 ft alleys. Planted November 13, 2007 
9 varieties, 5-rep test, bold varieties are still in the program.  
4 stalks per plot   
10 ft plots with 5 ft gap 
Plots start at the beginning of the field  
Applied Mocap (20% granular) before and Sencor after covering the rows on date of 
planting.  
Map not drawn to scale. 
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Example data sheet: Mexican rice borer sugarcane infestation, 2002-2006

Stalk number Larvae position on plant (sheath, node, internode)

Internode position Feeding signs (sheath and leaf)

Larvae instar Bored internodes

Field Ganado Date: Treatment:
Stalk

P Species S N I S N I S N I S N I S N I S N I S L Bored
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

Total joints

In each square, number of live larvae found

Borer species (Mexican rice borer or sugarcane borer)

1

5th 6th Feeding1st 2nd 3rd 4th
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