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Abstract Silicate slag was applied to soil of Captiva, Floratam, and Raleigh varieties of St. 
Augustinegrass to measure the effect of plant silicon on resistance of the varieties to southern 
chinch bugs, 8/issus insularis Barber, and plant disease. In general, silicate slag addition in
creased Si and Cu content in leaves but tended to decrease P and Mg concentrations. Tissue 
nutrient contents were generally lowest for Floratam; this trend occurred both with and without 
silicate slag amendment, indicating a lower nutrient requirernentthan with other varieties. Chinch 
bug survival was lowest and development slowest on Captiva which was the only variety with 
resistance to the insects. There were no significant differences in survival or developmental rates 
of chinch bugs between silicon treatments within any of the 3 varieties. In disease assessments, 
Raleigh was more susceptible to gray leaf spot than Captiva or Floratam. However, the addition 
of Si resulted in significant disease reduction in Raleigh. The addition of Si resulted in disease 
reduction in Floratam as measured by disease incidence, but not severity. The addition of Si slag 
caused significant increases in stolon number, stolon length, and leaf blade width in 1 - 2 variet
ies. Varieties varied in response to Si fertilization among 6 growth characters measured. 

KeyWords silicon, St. Augustinegrass, chinch bugs, disease 

St. Augustinegrass, Stenotaphrum secundatum (Walt.) Kuntze, is used for lawns 
throughout the southern United States due to its wide adaptation to varying environ
mental conditions. The southern chinch bug, 8/issus insularis Barber, is the plant's 
most damaging insect pest. Prior to the release of resistant Floratam St. Augustine
grass in 1973 (Horn et al. 1973), control of southern chinch bug was primarily through 
insecticidal applications. Host plant resistance in Floratam lasted until 1985 when 
southern chinch bug damage on Floratam was reported in Florida (Busey and Center 
1987) and later confirmed by Cherry and Nagata (1997). 

Silicon (Si) is the second most common element on earth, but it is not considered 
to be an essential element for plant growth (Arnon and Stout 1939). However, there is 
a growing body of evidence that Si can enhance plant resistance to insect pests. The 
solid silica that is associated with the plant cell walls may constitute a mechanical bar
rier to penetration of the mandibles of insects (Jones and Hand reck 1967). Applied Si 
and higher available soil Si have improved the resistance of rice to several economi
cally- important rice insect pests (Savant et al. 1997). Recently, Carvalho et al. (1999) 
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reported that Si reduced the feeding and reproduction of green bug ( Schizaphis grami
num Rondani), a sorghum herbivore. Also, Saigusa et al. (1999) reported reduced 
insect feeding in turf treated with calcium silicate. However, the insect-plant-silicon 
response is complex and not always predictable as evidenced by studies in which 
insects showed no response to silicon (Korndorfer et al. 2004). 

Similarly, silicon was shown to suppress a range of diseases caused by fungi and 
fungal-like organisms on several turfgrass species. Suppression of Rhizoctonia 
Brown Patch (Thanatephorus cucumeris (A.B. Frank) Dank) on Zoysiagrass (Zoysia 
species), Pythium aphanidermatum (Edson) Fitz. on creeping bentgrass Agrotis 
palustris Hudson, and powdery mildew caused by Blumeria graminis (DC) E.O. Speer 
on Kentucy bluegrass Poa pratensis L. was reported by Si (Datnoff and Nagata 1999, 
Datnoff and Rutherford 2004, Hamel and Heckman 1999, Uriarte et al. 2004). The 
silicon enhances physical resistance of the plant cell by depositing in the cuticle or 
epidermal cells that may impede penetration by the pathogen (Datnoff et al. 2001). 
Gray leaf spot, caused by the fungal pathogen Magnaporthe grisea (T.T. Hebert) 
occurs on St. Augustinegrass in Florida where warm temperatures and wet weather 
favor the diseq.se. Previous studies indicated that silicon was effective in reducing 
damage from this disease on certain varieties of St. Augustinegrass (Datnoff and 
Nagata 1999, Brecht et al. 2004). 

Effect of silicon on growth of plants has been evaluated in a variety of crop species. 
Korndorfer et al. (2001) reported that Si fertilizer application to soil had a positive 
effect on yield of rice in 19 of 28 field experiments conducted in the Everglades Agri
cultural Area (Histosol) over a 5-year period (1992 - 1996). Yield increase due to the 
application of Si fertilizer in sugarcane was documented in many sugarcane growing 
areas of the world (Alvarez and Gascho 1979, Ayres 1966, Franco and Korndorfer 
1995, Samuels 1969). Foliar sprays of potassium silicate on strawberry plants re
sulted in increased growth of leaves, petioles, crowns, and roots (Wang and Galletta 
1998). However, information on the role of Si in growth of St. Augustinegrass is limited. 

The objective of this study was to determine if silicon applications to St. Augustine
grass varieties increase the silicon in the plants and affect development and survival 
of southern chinch bugs and development of plant diseases. The effect of silicon on 
plant growth is also noted. 

Materials and Methods 

Silicon tests. Three grass varieties used in our tests were Captiva, Floratam, and 
Raleigh. These varieties are in commercial production in Florida and range in resis
tance to southern chinch bugs from Captiva (resistant), Floratam (once resistant, now 
susceptible), to Raleigh (susceptible). Plants were sprigged into 13-cm diam pots 
filled with a mixture of 50% sand and 50% Fafard #2 mix. Effects of silicon on resis
tance to gray leaf spot and chinchbugs were assayed by amending one set of pots 
with calcium silicate slag at a rate of 10,000 kg/ha, which has been previously shown 
to result in significant plant uptake of Si (Brecht et al. 2004). The other set of pots was 
not amended with silicon slag. The slag applied to the planting mix contained approx. 
3,880 mg extractable Silkg and was homogeneously mixed into the entire soil volume. 
All treatments received 3 g of Osmocote slow-release fertilizer (14- 14- 14) per pot 
surface applied at sprigging, and at 2-month intervals thereafter. All essential nutri
ents were added at rates deemed to be nonlimiting to plant growth. Plants were 
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allowed to establish at least 2 months before exposure to chinch bugs. Pots received 
direct sunlight during establishment and natural precipitation with supplemental daily 
irrigation as needed. 

At the end of each chinch bug, disease, or plant growth test, leaf tissue samples 
were collected from both Si-amended and unamended treatments and analyzed for 
total Si, N, P, K, S, Ca, Mg, Fe, Cu, Mn, and Zn. Leaves were collected, rinsed in dis
tilled water to remove surface residues and contaminants, and then dried at 70°C for 
3 d. Leaf tissue was then ground and subjected to high-temperature acid digestion 
for analysis of all nutrients except Si. In short, 0.3 g tissue was digested with--2 mL 
H2S04 and 2 mL 30% H202 for 2 h at 350°C. Digestates were diluted to 50 mL final 
volume, then analyzed calorimetrically for N and P as described in Wright (2009) and 
for other nutrients using methods described in Wright and Mylavarapu (2010). Leaf 
Si content was analyzed by digestion of 0.1 g tissue with 2 mL of 30% H20 2 and 30 mL 
of 50% NaOH at 250°C for 30 min. The digestates were then analyzed calorimetrically 
using the method described by Gascho and Elwali (1978). Extractable Si content in 
soil was measured after Mehlich 3 extraction (Wright and Mylavarapu 201 0), and then 
following the same colorimetric methods as used for leaf tissue. A Least Significant 
Difference (LSD) test was used to determine significant differences (a= 0.05) among 
means of the 6 treatments using SAS (2010). 

Chinch bug tests. Chinch bugs were collected by vacuuming from natural chinch 
bug infestations in Palm Beach Co., FL. Chinch bugs and collected debris were stored 
in buckets with fresh St. Augustinegrass clippings at 18°C until testing. Each replicate 
consisted of testing chinch bugs against one potted plant from each of 2 silicon treat
ments in each variety. One runner/plant was inserted into a 15 em long, 4-cm diam 
clear plastic tube. Thereafter, a sponge was cut to size so that it wrapped around the 
runner and was wedged into the tube end nearest the plant, thus preventing chinch 
bug escapes at that end. Ten first instars were placed into each tube, which contained 
moistened filter paper to maintain a high relative humidity. The other tube end was 
closed with a fine mesh cloth held in place with rubber bands to prevent chinch bug 
escape. Potted plants with tubes attached were held 21 d at 28°C at 12D/12L photo
period. First instars and this time period and temperature were used because they 
produced both nymphs and adults after 21 days, thus allowing both survival and rate 
of development to be measured. Plants were irrigated every 2 • 3 d as needed. Also, 
water was lightly sprayed into tubes every 2 • 3 d to provide moisture for the chinch 
bugs. After 21 d, tubes were opened and survival and developmental stages deter
mined. Chinch bugs were not observed on plants before tests, and < 10 chinch bugs 
were found per tube at the 3-wk termination. This highly suggests that the develop
ment and survival of chinch bugs in the tubes does represent the 10 first instars being 
held and not cryptic and/or migration of chinch bugs into tubes. Five replicates were 
conducted over an 8-month period and data pooled for analysis. LSD was used to 
determine significant differences (a = 0.05) among means of the treatments using 
SAS (2010). 

Disease assessment. Disease assessments were taken on the terminal node of 
one randomly selected runner from each of 10 pots per treatment. The disease inci
dence was calculated as the percentage from the number of leaflets with lesions of 
gray leaf spot divided by the total number of leaflets counted. The disease severity 
was visually estimated as a percentage of foliage exhibiting symptoms of gray leaf 
spot per plant. Each pot was a replicate with assessments made on 14 Dec 10. Gray 
leaf spot means were compared using a LSD test in SAS (2010). 
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grass, 8 plants grown in soil with Si fertilizer and 8 grown in untreated soil were se- ~ ~ ~ ~ ~ ~ ~ ;': 
Plant growth tests. To investigate the effect of silicon on growth of St. Augustine- II 0>1 .o 

lected from each of the 3 varieties for measurement of morphological traits. The leaf E ~ ~ gj LO m LO 

blade length, leaf width, and sheath length of each plant were determined based on 
the leaf on the first fully-expanded internode from the tip of the longest stolon. Length II OJ' 0 .o .o 
of internode was calculated as stolon length divided by number of internodes. To 8 ~ ~ ~ _:: ~ ~ ~ 
evaluate rates of stolon growth and new stolon formation, all but the longest stolon of E C\J """" C\J """" """" LO 

each plant were trimmed on 27 January and the plants were placed outside at the 
Everglades Research and Education Center. After 6 wks (1 0 March), the length of the w ~ .o .o -g co -g -g ~ 
longest stolon of each plant was measured and new stolons were counted. Data for u.. ~ [;) !;;: ill ;g ~ ~ ~ 
each trait were subject to statistical analysis as described previously. ~ 
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Ol .0 " 
Results and Discussion II c ~ co co ca .o co co 2 20JLO<O"<t0..-0"' 

E ~~~~~~ ~ 
Silicon tests. Silicate slag addition significantly increased the Si content of leaf .E! 

tissue for all varieties (Table 1 ). However, varieties differed significantly in their ability .o ~ 
to accumulate the applied Si in tissues, as Raleigh had also twice the Si content as ~ ~ ~ :; ~ :; ~ ;!. ~ 
Floratam, and approx. 1/3 more than Captiva. Similar trends among varieties were OJ ,..: ,..: ,..: ,..: ..- ..- og 
observed for treatments not receiving slag, indicating that some varieties, such as ~ 
Raleigh, have an inherent mechanism for taking up Si from soil and storing it in their OJ ca ca .o .o .o -g i 
tissues better than varieties such as Floratam. (3 ~ C! ~ "'"": "'"": "! I'-: -; 

Phosphorus concentrations in tissue did not vary among varieties. Phosphorus C') C\J C\J C\J C\J C\J g' 

content in tissue was significantly affected by Si content for 2 varieties. Addition of -~ 0 -
slag and accumulation of Si in tissue significantly decreased the tissue P content for ~(/) OJ .o o .o o .o co :2 
Floratam and Captiva by an average of 26%. Overall, tissue Si was significantly nega- ~ ~ ~ ~ ~ ~ ;! ~ :ri ~ 
tively correlated (r = -0.46) with tissue P. This result may indicate that Si fertilization ·~ C\J ..- C\J ..- C\J C\J J!! 
may lower ttie P requirement of these varieties. In light of potential P losses as !l! :§: 
leacheate or runoff from over-fertilized fields and lawns, this finding may indicate a :Z OJ .o _g o .o ~ 
potential for decreasing P fertilization rates for St. Augustinegrass. Additional research ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
may be warranted to directly determine links between Si and P dynamics in turf. :g ~ ~ ~ (\j ~ ~ ,s 

Nitrogen tissue concentrations were not affected by slag addition. With slag addi- 'iii ~ 
tion, tissue N was higher for Raleigh than other varieties. Tissue N was significantly g, o og 
correlated with tissue P, K, Mg, and Mn. Similar to N, Raleigh receiving silicate slag ~ a.. ~ ca _g "la o "la "la ·~ 
had higher tissue K than other varieties that received slag, and tissue K was signifi- .....: f- 0, ~ ~ ~ ~ ~ ~ g 
cantly increased (20%) for Raleigh by slag addition. However, Si addition did not in- ~ % 
crease tissue K for other varieties. ~ o .o u .o u co :m 

Tissue Ca was generally not influenced by Si amendment, and few differences 0:: w ~ «! cq q cq "'"": "': ~ 
among varieties were evident. Silicon addition tended to decrease tissue Mg, as Mg .E Ol ..- "'- ..- LO C\J ~ ~ 
was 23% higher for treatments not receiving slag. Raleigh also had higher tissue Mg .!!! _i 
than all other varieties either with or without slag. Similar to Mg, tissue Mn was gener- ~ § i 
ally higher for Raleigh than other varieties, although Si did not influence tissue Mn. :g 'fa ~ 
Likewise, tissue Fe was not influenced by Si addition, and few variety differences were : ~ + , + + ~ 
detected. In contrast, tissue Cu was significantly influenced by Si for all varieties. Sili- ~ (jj .g 

cate slag addition increased tissue Cu by an average of 37%. Tissue Si was signifi- ~ ~ ~ 
cantly correlated with tissue Cu (r = 0.85). Tissue Zn content was generally not 'l"6 (J) 8 
influenced by Si, and there were no variety differences. Tissue Zn content was gener- .3 ~ 
ally not influenced by Si, and there were no variety differences. ....: ~ g! g! .§ .§ ~ ~ -~ 

Chinch bug tests. Survival and development of chinch bugs held on different va- ~ ·~ '5. '5. ~ ~ ~ ~ ~ 
rieties and silicon treatments are shown in Table 2. Mean survival was lower in the 2 ~ > (3 (3 ~ ~ &_ &_ 2 
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Table 2. Survival* and development of southern chinch bugs held 21 days on 
different varieties and silicon treatments. 

Survival %adults of 

Variety X±SD Range total survivors 

Captiva- Si 2.2 ±2.3 8 0-6 36 

Captiva+ Si 1.8 ± 1.8 8 0-4 33 

Floratam - Si 5.2 ± 1.9 A 3-8 57 

Floratam + Si 3.6 ± 2.1 AS 2-7 67 

Raleigh- Si 4.2 ± 1.5 AS 2-6 66 

Raleigh+ Si 6.0 ±3.2 A 2-9 74 

*Ten first instars were used at start of test. Means in the column followed by the same letter are not signifi
cantly different {alpha~ 0.05) using a Least Significant Difference test (SAS 20'10). 

Captiva treatments than the other 4 treatments of Floratam and Raleigh. The percent
age of chinch bug adults of all survivors (nymphs+ adults) was also lower in Captiva 
with silicon (33%) and without (36%) than the other 4 treatments (range= 57- 74%). 
These latter data indicate that, besides causing direct mortality, Captiva reduced the 
developmental rate of the chinch bugs during the test. The preceding data are ex
pected because Captiva was the only variety of the 3 tested which is currently resis
tant to southern chinch bugs in Florida (Nagata and Cherry 2003, Trenholm et al. 
2006). 

There were no significant differences in chinch bug survival among silicon treat
ments in any of the 3 varieties. The percentage of adults of total live nymphs and 
adults was similar (range= 12%) among silicon treatments in each of the 3 varieties. 
These latter data indicate that, besides not causing direct mortality, the silica treat
ments did little, if anything, to reduce developmental rates of the chinch bugs. As 
noted earlier, increased Si in plant tissue has been shown to reduce feeding damage 
in some studies. However, the insect-plant-silicon response is complex and not al
ways predictable. For example, Peterson et al. (1988) showed that high levels of silica 
decreased digestibility in Spodoptera eridania (Cramer) and promoted increased con
sumption rates. However, larval growth rates were not different from the control even 
at the highest level of silica (20% dry weight). More recently, Korndorfer et al. (2004) 
found that higher concentrations of silicon found in 5 turfgrass species treated with 
calcium silicate slag did not affect tropical sod webworm Herpetogramma phaeopter
a/is Guenee feeding or development. Also, it has been shown that certain plant geno
types are more efficient that others in their accumulation of Si, thus making them 
more resistant (Savant et al. 1997). Our study, like other studies, shows application of 
elements to plants may affect insects in different and not always predictable ways. 

Disease assessments. The results of the disease assessments for the 3 varieties 
either amended or nonamended with Si are presented in Table 3. By both rating sys
tems, Raleigh without Si had significantly higher disease incidence and severity com
pared with all other varieties and Si treatments. Raleigh with Si fertilization had 
significantly less disease incidence (47%) than Raleigh without Si (92%) but was also 
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Table 3. Disease incidence and severity ratings for gray leaf spot on three 
varieties of St. Augustinegrass. 

Disease Ratings* 

Disease Incidence Disease Severity 
Variety Si Fertilization (% of affected leaflet/runner) (%affected foliage) 

Captiva - 6.0 d 1.11 c 

Captiva + 7.0 d 0.4c 

Floratam - 26.0C 2.6 c 

Floratam + 9.0d 0.75c 

Raleigh - 92.0a 43.0 a 

Raleigh + 47.0 b 17.4 b 

* Means in the column followed by the same letter are not significantly different (P < 0.0001) using a Least 
Significant Difference test (SAS 2010). 

significantly higher compared with Floratam and Captiva regardless of Si treatment 
(Table 3). Only Floratam without Si had significantly higher disease incidence com
pared with the other Floratam and Captiva treatments. However, overall, gray leaf spot 
disease was very low on Captiva regardless of Si treatment and on Floratam with 
Si. These results indicate that Raleigh overall was more susceptible to gray leaf 
spot; however, the addition of Si resulted in significant disease reduction for this 
variety. Floratam and Captiva had considerably less disease but the addition of Si 
assisted in disease suppression on Floratam as measured by disease incidence but 
not severity. 

This trial was very successful for disease evaluation of the targeted pathogen. The 
disease severity in this trial was very high and differences between the cultivars and 
application or no application of silicon were readily apparent. It would be useful to 
examine seasonal effects on this and other diseases over time to see if silicon helps 
under different environmental conditions and disease pressure. 

Plant growth tests. Results of morphological measurements of the 3 St. Au
gustinegrass varieties with or without silicate slag application to the potting soil are 
presented in Table 4. During a 6-wk period of time, lengths oi the longest stolons on 
'average increased by 25.6 em in Floratam, 27.4 em in Captiva, and 12.5 em in Ra
leigh. All plants of Floratam and Captiva were healthy but the Raleigh plants had gray 
leaf spot disease (Table 3), which may explain why the Raleigh plants grew poorly and 
slowly. Addition of Silicate slag significantly increased the length of the longest stolons 
in Floratam but had no effects on growth of the longest stolons of Captiva or Raleigh, 
suggesting that varieties responded differently to Si addition to soil. Similarly, forma
tion of the new stolons of Floratam and Captiva was significantly promoted by Si fer
tilization. Floratam plants grown in Si slag-added soil had 1.5 more stolons than the 
plants in unamended soil and Captiva plants in Si slag-added soil produced 3.5 more 
stolons than the plants in unamended soil. Si fertilization did not significantly affect the 
number of stolons in Raleigh. There were no significant differences in internode 
lengths between plants grown in Si-added soil and unamended soil for all 3 varieties. 
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WE Among the 3 leaf characteristics (leaf blade length, width, and sheath length), Si fer-
-o () 

.0 .0 ctl ctl .0 .0 tilization resulted in increase of leaf blade width in Captiva and Raleigh but did not o~ 
C.s:; C\1 ~ "<;t 1!) Cl) C') significantly influence leaf blade length or sheath length in any of varieties. Wo, C') C') -.i -.i C\i C') 

The present study showed that growth characteristics in St. Augustinegrass re-- c E-.91 
sponded differently to Si fertilization. Si treatment had significantly positive effects on 

c: 3 of the 6 traits in 1 or 2 varieties. However, no trait was significantly influenced by Si 
0 .s::E' slag in all 3 varieties. There were no significant effects of Si fertilization on leaf length, 

:;::::; co~ .0 .0 ctl ctl .0 ..0 sheath length, and internode length in any of the 3 varieties. Secondly, varieties varied ca 
N w.s:: 1'-: ~ "<;t 1!) ~ ~ s in their responses to Si treatment, Floratam responding to Si fertilization for stolon .s::- C\i C\i :;::::; (f)g' ,.... ,.... ,.... ,.... 0 ... 

..91 (\J length and stolon number per plant, Captiva responding for stolon number and leaf J!! (f) 
.0: blade width, and Raleigh responding for leaf width. Thirdly, all the effects of Si fertiliza-c: (f) 
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Improved Control of Curculio caryae (Coleoptera: Curculionidae) 
through Multi-Stage Pre-Emergence Applications of 
Steinernema carpocapsae1 

David Shapiro-llan2 and Wayne A. Gardner3 

USDA-ARS, Southeastern Fruit and Tree Nut Research Laboratory, 21 Dunbar Rd. Byron, Georgia 31008 
USA 

J. Entomol. Sci. 47(1): 27-34 (January 2012) 

Abstract The pecan weevil, Curculio caryae (Horn), is a key pest of pecan in North America. 
Entomopathogenic nematodes have potential as alternative control agents for C. caryae. In prior 
studies, when single applications of entomopathogenic nematodes were applied during adult 
weevil emergence, only moderate efficacy was observed. The objective of this study was to de
termine the compounded impact of multistage nematode applications on C. caryae mortality 
over a 2-year period. Experiments were conducted in a pecan orchard in Byron, GA. In the fall of 
2007, freshly-emerged C. caryae larvae were placed in pots under the tree canopy. The nema
tode, Steinernema carpocapsae (Weiser), was applied 3 times in spring through fall of 2008 
(targeting C. caryae larvae) and 3 times during the spring and summer of 2009 (primarily target
ing adults). The percentage of surviving C. caryae was determined in the fall of 2008 and 2009, 
approximately 1 and 2 years after larvae emerged. In 2008 (1 year postemergence), the number 
of surviving C. caryae was significantly less in treated pots (3.75%) compared with untreated 
pots (7.38%).1n 2009 (2 years postemergence), the number of surviving C. caryae was reduced 
further and was significantlY less in treated pots (0.5%) compared with untreated pots (2.63%). 
When corrected for natural mortality, after 2 years the nematode treatments provided 81% con
trol. These results indicq.te promise for reducing the weevil below economic levels through re
peated multistage applications of S. carpocapsae. In future research, the approach will be tested 
on an orchard scale, and nematode application rates and timing will be optimized. 

Key Words biological control, entomopathogenic nematode, pecan weevil 

Pecan, Carya illinoinensis Koch, is an important nut crop in North America (Wood 
2003). The pecan weevil, Curculio caryae (Horn), is a key pest of pecans throughout 
the southeastern US, OK, KS, and parts of TX (Mizell1985). Adults emerge from soil 
in late July to August to feed on and oviposit in the developing nuts (Harris 1985). 
Larvae develop within the nut, and fourth instars drop to the ground where they bur
row to a depth of 8 - 25 em, form a soil cell, and overwinter. The following year, approx. 
90% of larvae pupate and spend the next 9 months in the soil cell as adults (Harris 
1985). The remaining 10% of the population spend an additional year in the soil as 
larvae and emerge as adults in the third year (Harris 1985). Thus, C. caryae's life cy
cle is usually 2 and sometimes 3 years (Harris 1985). The majority of C. caryae adults 
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