
Table 5. Summary of economically important thrips collected from ornamentals in Charlotte and Lee Counties, 1986-90. 

Growing season 

(Aug.-July) 

Number of 

collections 

Number 

of hosts 

Frankliniella 

bispinosa 

F. 

fusca 

F. 

occidentalis Other 

1986-87 

1987-88 

1988-89 

1989-90 

16 

1 

3 

12 

112z(81.2)y 

1(9.1) 

41 (93.2) 

228 (80.6) 

1 (0.7) 

0(0) 

0(0) 

0(0) 

0(0) 

0(0) 

0(0) 

30(10.6) 

25(18.1) 

10(90.9) 

3 (6.8) 

25 (8.8) 

ZNumber collected 

y% of total for the season 

Other notable collections from ornamentals include 

Echinothrips americanus which was an occasional pest in 

greenhouses. Hercinothrips femoralis was collected from 

dooryard Crinum lilies which annually suffered significant 

foliage damage caused by high numbers of these thrips. 

Collections from weeds showed the same pattern as cul 

tivated crops, with F. bispinosa the most common thrips 

present. Unfortunately, to save time in processing large 

samples, F. bispinosa was not separated from F. cephalica in 

collections from Bidens pilosa made on 5 July 1989 and in 

some April and May collections of that year. However, it 

was observed that WFT were found in weeds at the same 

time that they were present in nearby crops. 

These observations show WFT to be present in readily 

detectable numbers in Palm Beach County, and sporadi 

cally present in other south Florida growing areas. This 

survey was beneficial in that WFT was found in southwest 

Florida before overwhelming numbers had developed; 

thus, growers can anticipate well founded information for 

their crop management plans regarding thrips and the To 

mato Spotted Wilt Virus disease. The survey also demon 

strated that during Apr. and May 1990 WFT had effec 

tively displaced F. bispinosa as the dominant flower thrips 

in some east coast areas. Furthermore, important relation 

ships were observed regarding movement of plant pests 

with plant material. Finally, TSWV was observed in a situ 

ation that suggested F. fusca was the more important of the 

2 vectors present. 

In addition to collecting directly from host material, 

the survey work was recently expanded to include water 

pan trapping in an effort to eliminate sample bias and to 

provide a more continuous record. 
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Abstract. Chewing activity by insects and mammals has been 

reported as a major cause of leaks in micro-irrigation tubing. 

The present study was undertaken to determine both the 
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source of leaks occurring on a drip irrigation system in a to 

mato (Lyeopersieum esculentum Mill.) field and the effect of 

tube thickness on the frequency of leak occurrence. For the 

latter objective, three thicknesses of tubing were used, 4, 8 

and 15 mil. Forty seven leaks were sustained during the 

course of the study (2 months), with 45 of the leaks being 

attributed to rats and mice. Over half the damage occurred 

on 4 mil tubing, whereas 15 mil tubing sustained only 11% 

of the damage. Information is provided to aid in identification 

of the type of pest causing damage, and possible control prac 

tices are suggested. 

Micro-irrigation systems can deliver water and nutri 

ents in precise amounts at controlled frequencies directly 

to the plant's root zone. Realization of these advantages 

depends on uniformity of application, which can be com 

promised by emitter plugging (6), or leaks due to damaged 
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irrigation tubing. Damage may be mechanical in origin 

(often occurring during the installation process) or it may 

be caused by a variety of insects or mammals including 

crickets (Gryllidae), mole crickets (Gryllotalpidae), 

wireworms (Elateridae), earwigs (Dermaptera), black bee 

tles and white grubs (Scarabaeidae), certain caterpillars 

(Noctuidae), millipedes, field mice, and rabbits (R. M. Bull, 

Rhone-Poulenc Rural, P. O. Box 335, Hamilton Central 

Australia 4007, unpublished data). Various ant species 

(Formicidae) (2), and a variety of mammals including 

coyotes (J. Viarengo, T-Systems Int. Inc., personal com 

munication), have also been cited. 

During a tomato drip irrigation field study conducted 

on 2 acres at the Southwest Florida Research and Educa 

tion Center (SWFREC) in Immokalee during the fall of 

1989, 64 leaks were detected in the plastic tubing (drip 

tape) over the course of the season. A number of these 

leaks consisted of one or more V-shaped cuts on the edge 

of the tape which are initially interpreted to be caused by 

the scissor-like action of the mandibles of either crickets or 

white grubs. A field experiment was conducted during the 

spring of 1990 to determine the effect of tube thickness on 

the occurrence of these types of leaks. 

Materials and Methods 

A randomized complete block design was used with 3 

treatments and 18 replications. The treatments were 4, 8, 

and 15 mil drip tape (Turbo Tape, T-Systems). Each plot 

was 30 ft long, the whole experiment consisting of six, 270 

ft beds. Tomato seedlings (cultivar Sunny) were trans 

planted into the beds on 24 Jan. Field layout and irrigation 

system management were given by Pitts et al. (7). 

Each day during an irrigation cycle the drip tubing on 

the 6 beds was checked for leaks by walking the beds while 

listening for streams of water striking the polyethylene 

mulch. Leaks were tagged, repaired, and the damaged sec 

tions removed for examination under a stereoscopic dissec 

ting microscope. 

A chi-square test (8) was used to test the significance of 

differences between observed and expected frequencies 

with which damage occurred in the three thicknesses of 

tubing tested over all replications and dates. 

Results 

Leaks began occurring 2 weeks after transplanting. 

Forty-seven leaks had been observed by the time the exper 

iment was concluded on 4 May, with 21 occurring between 

29 Mar. and 10 Apr., an average of 2 leaks per day. Be 

cause the leaks appeared to be caused by rodents rather 

than insects, we began trapping rodents on 11 Apr., and 

put out a rodenticide (brodifacoum) on 26 Apr. Sub 

sequently, we observed a decrease in the rate of new leaks 

to approximately 1 per day. The overall rate for leaks for 

the 2 month period from 2 February to 4 May approached 

1 leak per day per 2000 feet of tape. 

Live traps were set near damaged sections of tubing in 

or on the polyethylene mulch and 4 species of rodent (8 

individuals) were captured: the house mouse Mus musculus 

(2), the cotton mouse Peromyscus gossypinus (1), the rice rat 

Oryzomys palustris (4), and the hispid cotton rat, Sigmodon 

hispidus (1). These animals were segregated in individual 
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cages where they were denied access to water except for 3 

sealed, water-filled pieces of irrigation tubing, one of each 

thickness. The house mouse failed to damage tubing, the 
cotton mouse and cotton rat damaged only the 4 mil tub 

ing, while the rice rats damaged all 3 tubing thicknesses. 
The experiment was repeated except that water was also 
made available in a dish. Similar results were obtained in 

the rat cages, but under these conditions the mice did not 
cause damage. 

By comparing tubing damaged in cages with tubing 

damaged in the field, it was possible to determine that all 
but 2 leaks of unknown origin were caused by either rats 

or mice. The 2 exceptions appeared to be mechanical 

punctures, probably occurring during tube installation. 

Some of the damage caused by mice were of the V-shaped 

type on the edge of the tape, similar to that which had 

previously been attributed to insects (Fig. 1). The width of 

incisor marks was less than 1 mm. Rat damage was easier 

to identify: the incisor marks were larger, ranging between 

1.5 and 2.25 mm in width, and often large holes were 
chewed in the tubing. 

Of 45 leaks observed in the field, 8 appeared to be 

caused by mice and 37 by rats (Table 1). Most leaks (56%) 

occurred in 4 mil tubing and least (11%) in the 15 mil 

tubing. Thus 4 mil tubing proved the most susceptible to 

rodent damage in the field as it had in the laboratory. The 

difference between observed and expected frequencies of 

rodent damage in the 3 tubing thicknesses was statistically 
significant at P < 0.001 (X2 = 13.3, df = 2). 

Discussion 

Diagnosis of Insect and Rodent Damage. Chewing damage 

is most likely to occur along the edge of drip tubing where 

it may be easily grasped when not inflated with water. Cor 

rect diagnosis of this damage depends on knowledge of 

the mouthparts of insects and rodents. 

Rodents gnaw by the opposed action of paired incisors 

in the upper and lower jaw. Although the actual break was 
sometimes made by only one pair, close examination with 

a hand lens revealed the marks of the opposing pair, a 

total of 4 punctures or marks for each bite. Often scratches 

were seen leading up to the punctures where the incisors 

grazed the tube before penetrating. The first bite occurred 

Fig. 1. "V-shaped" incision made by a mouse on the edge of drip 
irrigation tubing. 
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Table 1. Frequency of damage caused by rodents in 4, 8, and 15 mil 
tubing; differences between observed and expected frequencies statis 

tically significant (P < 0.001, X2 = 13.3, df = 2). 

Damage frequency (no.) 

Tube thickness (mil) 

Cause of damage 

Mice 

Rats 

Total 

4 

6 

19 

25 

(56) 

8 

2 

13 

15 

(33) 

15 

0 

5 

5 

(11) 

Total 

8 

37 

45 

( 18)z 

( 82) 

(100) 

'Percent of total number. 

at an angle, making a "V" with the edge of the tape. Suc 

ceeding bites tended to form a semi-circular arc, which 

when completed removed a circular piece of tube wall. 

Damage also originated along the flat side of the deflated 

drip tape rather than the folded edge, especially in the 

case of rats. 

Insect mandibles work from side to side instead of up 

and down, but still depend on opposing action to cut, tear, 

or crush. Again, damage tended to occur along the edge 

of the tape, or in the case of some ant damage, around the 

periphery of the emitter orifice (2). Ant mandibles are 
small compared to the other insects considered here. Each 

bite leaves only a small mark resulting in an overall felt-like 

appearance at the edge of the damaged area (2). The 
larger mandibles of the field cricket give a shredded ap 

pearance to the damaged edge, with the shreds pointing 

outward. The holes are similar to but larger than those 

made by wireworms (R. M. Bull, unpublished data). White 

grubs and mole crickets tend to cut "V" shaped nicks along 
the edge of the tube, while earwigs and millipedes make 

round, relatively smooth holes (R. M. Bull, unpublished 

data). 

Another kind of damage is caused by last instar larvae 

of S. sueroides migrating from their leguminous host plants 

(Aeschynomene spp. and Sesbania spp.) in search of pupation 

sites. The larvae have been shown to climb vertical "risers" 

of PVC "spaghetti" tubing to bore 2.5-3mm round holes 

(1). Round or oval scars of unsuccessful attempts were 

often observed on the tube as well. In contrast, rodent 

damage to spaghetti tubing was rough-edged and more 

irregular. Leaks caused by Selenisa were usually discovered 

when the water was turned on. The water pressure drove 

the larva or pupa against the emitter where it may not be 

seen unless the emitter is removed. 

Prevention of Insect and Rodent Damage. The preference 

of rats and mice for thin tubing in this study indicated that 

much damage would probably have been avoided had 15 

mil tube been used throughout, although without a choice 

available to the rodent, the attack on heavier tubing could 

have been greater than was actually observed. In spite of 

this uncertainty, the use of 15 mil tubing appears to be one 

means of preventing rodent damage. Ten mil tubing has 

been considered as sufficient to prevent most insect dam 

age (5). However, tube thickness within the range com 

monly used did little to prevent the enlargement of emitter 

orifices by ants (2). A better solution to the ant problem 

may be the use of specially designed irrigation tape with 

the emitters protected between two parallel extruded 

ridges (3). 

Chang and Ote (2) reported that ant damage was more 

prevalent in buried tubing than tubing placed on open 

ground. However, tube laid directly under polyethylene 

mulch was often damaged by rodents and also crickets. 

Experience has shown that most of this damage can be 

avoided by burying the tube under 2 to 3 inches of soil (4). 

The effect of burying on susceptibility to soil-inhabiting 

insects such as wireworms and white grubs requires inves 

tigation. 

Sources of tube-damaging insects and/or rodents 

should be removed as much as possible before installation 

of the system. Populations of soil-inhabiting insects can 

often be greatly reduced by timely tillage or flooding. 

Trash and debris that serves as nesting sites for crickets 

and rodents around field margins should be removed. In 

this study, a nearby vegetable dump was determined to be 

a major source of rats and mice. Mowing of host plants in 

citrus groves has been suggested as a means of controlling 

Selenisa (1). 

Chemical control has been reported in some cases to be 

effective in preventing damage to micro-irrigation systems. 

Possibilities include pre-plant applications of rodenticides, 

granular insecticides, fumigation, and chemigation. Natur 

ally, uses are legally restricted to those specifically de 

scribed on the pesticide label. 
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