
1459

Continuation Study of the Response of Subterranean Termites 
(Coptotermes formosanus )to Organosilane Treated Wood Wafers  

(Isoptera: Rhinotermitidae)
By

Todd E. Johnson1, Shane C. Kitchens2 & Terry L. Amburgey3

ABSTRACT

A standard laboratory termite test was conducted in May of 2012 using 
termites from a single colony of Coptotermes formosanus (Shiraki) gathered 
in South Central Mississippi. Testing was performed adhering to procedures 
outlined in the AWPA E1-09 Standard termite test.  Wood wafers used in 
the test were treated with an organosilane compound that has been shown 
to cause color changes and erratic behavior in native termite species ( John-
son & others 2011). Significant results were obtained on the weight loss of 
treated wafers as well as termite mortality. Observations of worker termites 
exposed to treated wood wafers during testing did not reveal any abnormal 
termite activity, and no significant post mortem observations were made, 
as were made with Reticulitermes sp. It is hypothesized that the pathogenic 
response of the gut bacteria Serratia marcescens (Bizio) in Reticulitermes sp. 
to the organosilane compound was not observed in C. formosanus due to a 
higher resistance to immuno threats.

INTRODUCTION

Interactions between termites and bacteria and/or fungi have been shown 
to affect termite feeding (DeBach & McOmie 1939; Cornelius 2002; Am-
burgey 1977; Johnson & others 2011). According to Su (1982) mortality 
should nott be the sole basis on which insecticidesare evaluated, rather a 
behavioral responses should also be considered, due to the nature of termites 
to effectively seal off or avoid treated areas. When a standard laboratory ter-
mite test (American Wood Protection Association E1-09) was conducted in 
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September of 2011 utilizing a single colony of Reticulitermes sp. exposed to 
organosilane treated wafers, behavioral changes and color phenomena were 
observed ( Johnson & others 2011) as well significant results in regard to 
specimen weight losses as well as termite mortality ( Johnson 2012). Results 
of that study indicated termite mortality that was potentially caused by the 
bacterium Serratia marcescens (Bizio), though there was no known intro-
duction of the bacteria to the termite test specimens. Observations made 
by Johnson & others (2011) closely matched observations made in a study 
by DeBach and McOmie (1939) in which termites exposed to S. marcescens 
exhibited varying red colorations post mortem and characteristic behavior 
changes. S. marcescens is known to have pathogenic effects when introduced 
to many termite species (DeBach & McOmie 1939; Khan & Others 1977; 
Connick Jr. & others 2001; Osbrink & others 2001); however, S. marcescens 
is also a facultative anaerobe that is a symbiont of the anaerobic protozoa 
within the termite gut (Adams & Boopathy 2005). The common presence 
of S. marcescens in the digestive tracts of many insects is found to be non-
pathogenic due to the lack of invasive power for the bacterium to penetrate 
the mid-gut wall (Burges & Hussey 1971). When something disrupts the 
symbiotic relationships of a gut bacteria however, (e.g., termites treated with 
immuno-suppressing compounds) the termites’ immune defense response is 
suppressed (Connick & others 2001; Osbrink & others 2001). Johnson & 
others (2011) hypothesized that a pathogenic response of S. marcescens, hosted 
by the termites, might be triggered by the organosilane compound through 
the disruption of symbiotic protozoa present in the gut of termites, though 
termite cadavers of the study were not analyzed for positive identification of 
the presence of the bacterium. Isolated strains of S. marcescens were used in 
a study on C. formosanus (Connick & others 2001), yielding high termite 
mortality rates, and red features observed post mortem. Both members of 
the family Rhinotermitidae, Reticulitermes and Coptotermes are classified as 
“lower termites”, which harbor dense populations of gut protists (Ohkuma 
& others 2001). S. marcescens is specifically documented to be present in the 
gut of C. formosanus and is credited to causing septicemia (blood poisoning) 
in C. formosanus (Adams & Boopathy 2001; Osbrink & others 2001. The 
purpose of this study was to determine if similar phenomena occurred by 
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the introduction of an organosilane treated food source to C. formosanus, as 
occurred with native termite species ( Johnson & others 2011).

METHODS

The AWPA E1-09 Standard Method for Laboratory Evaluation to Deter-
mine Resistance to Subterranean Termites was observed for this test (AWPA 
2011a). Termites (C. formosanus) were collected from pine-veneer bucket traps 
at the Mississippi Agricultural and Forestry Experiment Station in McNeill, 
MS (AWPA Hazard Zone 5) (Fig. 1). Coptotermes formosanus (Shiraki) isthe 
primary termite species at this site and test organisms were identified based 
on physical attributes. Southern yellow pine (Pinus spp.) sapwood wafers 
vacuum-treated with formulations of the organosilane 3-(Trimethoxysilyl)-
propyldimethyl octadecyl ammonium chloride, (Si-Quat), were used as the 
food source for worker termites. The Si-Quat used in this study is widely 
known for its antimicrobial properties (Kemper & others 2005; Isquith & 
others 1972; Hayes & White 1984; Monticello & others 2009). Non-treated 
pine sapwood wafers served as controls. The treatments are listed in Tablea 
1. Non-sterile test chambers were constructed from French-square bottles 
containing 150-ml of pool filter sand and 20-ml. of deionized water (devia-
tion from the standard 30-ml.). Test wafers were placed in contact with the 
sand in each test chamber and 1-g of termites (9% soldiers) was added to 
each chamber (deviation from the standard 400 termites). The duration of 
this test was twenty-eight days.

RESULTS AND DISCUSSION

Some mortality was documented with termites exposed to treated wood 
wafers during an initial inspection fourteen days into the study. Final results 
at the end of the testing period showed significantly less weight loss of test 
wafers among all treatment groups in comparison to the untreated control 
group. The 2.5% Si-Plus treatment group had the least weight lossleast feed-
ing and highest block rating of all treatment groups. As shown in Table 2, 
block ratings were higher for all treatment groups (indicating resistance to 
termite attack) than the untreated control group ratings.  Termite mortality 
was significant among all treatment groups with heavy/ complete mortality in 
the 2.5% ai treatment groups. No unusual observations were made on termite 
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behavior in the present study as were made in past studies with Reticulitermes 
sp. ( Johnson & others 2011). One possible explanation is the documented 
tolerance of C. formosanus to chemical treatments in regards to susceptibility.  
In a study conducted by Su (1990) in which both C. formosanus and Reticu-
litermes flavipes (Kollar) were utilized to evaluate eleven soil termiticides, it 
was concluded that R. flavipes was more susceptible to all termiticides used. 
For many wood preservatives, certain retentions must be attained for suitable 
use in exposure areas subject to Formosan termite activity (AWPA 2011b) 
due to higher tolerance of the Formosan.

SUMMARY

The primary goal of the present study was to examine feeding of C. formo-
sanus on organosilane-treated wood wafers. Treatment of wood wafers with 
the organosilane compound showed increased termite resistance over non-
treated wafers, and high termite mortality.  Though high levels of resistance 
and mortality were reported, observations of worker termite behavior and 
post mortem appearance did not yield abnormal results as were observed with 
Reticulitermes sp. Perhaps studies conducted utilizing higher concentrations of 
the organosilane 3-(Trimethoxysilyl)-propyldimethyl octadecyl ammonium 
chloride should be conducted in an attempt to provoke a pathogenic response 
of the gut bacteria, S. marcescens.

LITERATURE CITED
Adams, L. & R. Boopathy 2005. Isolation and characterization of enteric bacteria from the 

hindgut of Formosan termite.  Bioresource Technology 96:1592-1598.
Amburgey, T.L. 1977. Factors influencing termite feeding on brown-rotted wood. 

Sociobiology 3:3-12.
[AWPA] American Wood Protection Association Book of  Standards 2011a. E1-09 

Standard Method for Laboratory Evaluation to Determine Resistance to Subterranean 
Termites.  Birmingham, Alabama: 351-359.

[AWPA] American Wood Protection Association Book of Standards 2011b. U1-07 Use 
Category 1: Above ground, interior construction, dry. Birmingham, Alabama: 22.

Brune, A. & M. Friedrich 2000. Microecology of the termite gut: structure and function 
on a microscale. Current Opinion in Microbiology 3:263-269.

Connick Jr., W.J., W.L.A. Osbrink, M.S. Wright, K.S. Williams, D.J. Daigle, D.L. Boykin & A.R. 
Lax 2001. Increased mortality of Coptotermes formosanus (Isoptera: Rhinotermitidae) 
exposed to  eicosanoid biosynthesis inhibitors and Serratia marcescens (Eubacteriales: 
Enterobacteriaceae). Environmental  Entomology 30:449-455.



1463
 Johnson, T.E. et al. —  Continuation Study of  Subterranean Termites

Cornelius, M.L. 2002. Responses of Coptotermes formosanus and  Reticulitermes flavipes 
(Isoptera: Rhinotermitidae) to three  types of wood rot fungi cultured on different 
substrates. Journal of Economic Entomology 95(1):121-128.

DeBach, P.H. & W.A. McOmie 1939. New diseases of termites caused by bacteria. Annals 
Entomological Society of America 32:137-146.

Hayes, S.F. & W.C. White 1984. How antimicrobial treatments can improve nonwovens. 
American Dyestuff Reported  6:35.

Isquith, A.J., E.A. Abbot & P.A. Walters 1973. Surface-bonded antimicrobial activity of an 
organosilicon quaternary ammonium chloride. Applied Microbiology 24: 859-863.

Kahn, K.I., Q. Fazal, R.H. Jafri & M. Ahmad 1977. Susceptibility  of various species of 
termites  to a pathogen, Serratia marcescens. Pakistan Journal of Scientific Research 
29:46-47

Johnson, T.E., S.C. Kitchens and T.L Amburgey 2011. Observed color phenomena and                  
behavioral abnormalities of Reticulitermes spp. in AWPA E1-09 standard laboratory 
termite test.  Sociobiology 58(1): 9-15 

Johnson, T. E. 2012. Enhancing the residual efficacy of wood phytosanitation using a silane. 
Mississippi State University, Mississippi State, MS, M.S. Thesis, 97p  HYPERLINK 
“http://search.proquest.com/docview/1013616293?accountid=34815” http://search.
proquest.com/docview/1013616293?accountid=34815  

Kemper, R.A., L. Ayers, C. Jacobson, C. Smith & W.C. White 1992. Improved control of 
microbial exposure  hazards in hospitals: A 30-month field study. National 
Convention for Association of Practitioner for Infection  C o n t r o l ( A P I C ) . 
(http://www.aegisasia.com/pdfnew/improved_control_of_microbial_exposure_a_30_
month_field.pdf )

Monticello, R.A., S.C. Kitchens & T.L. Amburgey 2009. A commercial, registered, and durable 
antimicrobial  available for use on  wood and wood products. Proceedings, 
Third International  Coating Wood and Wood Composites Conference: Durable 
and Sustainable-Today and Beyond. Charlotte, NC.

Ohkuma, M., S. Noda, Y. Hongoh & T. Kudo 2001. Coevolution of symbiotic systems  of 
termites and their gut microorganisms. Riken Rev 41:73-74

Osbrink, W.L.A., K.S. Williams, W.J. Connick Jr., M.S. Wright &  A . R .  L a x  2 0 0 1 . 
Virulence of bacteria associated with the Formosan subterranean termite (Isoptera: 
Rhinotermitidae) in New Orleans, LA Environmental Entomology 30(2):443-448

Rosahn, P.D. & C.K. Hu 1933. Pathogenicity of Serratia marcescens (Bacillus prodigiosus). 
Proceedings of the Society of Experimental Biology and Medicine 30:1326-1327

Su, N.Y., M. Tamashiro, J.R. Yates & M.I. Haverty 1982. Effect of behavior on the evaluation 
of insecticides for prevention of or remedial control of the Formosan subterranean 
termite. Journal of Economic Entomology 75(2):188-193

Su, N.Y. & R.H. Scheffrahn 1990. Comparison of eleven soil termiticides against the Formosan 
subterranean termite and eastern subterranean termite (Isoptera: Rhinotermitidae). 
Journal of Economic Entomology 83(5):1918-1924



1464  Sociobiology Vol. 59,  No. 4, 2012

Yu, V.L. 1979. Serratia Marcescens: Historical perspective and clinical review. New England 
Journal of Medicine 300: 887-893


