HoRrTScience 29(11):1279-1281. 1994. increased plant size. Nontreated plants were
not intentionally disturbed, except for over-
I I 1 head irrigation applied daily or more frequently,
BrUShIng Reduces Thrlps and Aphld if necessary, to maintain stress-free plants.
The plant species were arranged in a strip-plot

POpU |atIOnS On SOme G reen hOUSG- design with species stripped down the bench

and treatments stripped perpendicular across

grown Vegetable Transplants the bench. An ebb-and-flow treatment was

added as an undisturbed control. Each treat-

Joyce G. Latimer and Ronald D. Oetting ment was replicated four times. Greenhouse
N . . N - . g i, for the experiment averaged 29/21C in
Georgia Experiment Station, University of Georgia, Griffin, GA 30223-173f5 and 31/21C (day/night) in 1993. Photo-

" . . e : synthetic photon flux (PPF) averaged 10.2 and
Additional index wordsmechanical stress, drought conditioning, pest resistance, tomato,l?_l8 moim-2day™ in 1992 and 1993, respec-

Ic_:)_/co:Tersllcon escglentz_mgglglplant,_s(?lanulm n,\w/lelongenaar_.(;sy(i/lulentumwatermelon, tively. All plants were fertilized twice weekly
itrullus lanatus, Frankliniella occidentalis, Myzus persic at 200 ppm N with 20N-8.7P—16.6K (Grace

Abstract ‘Sunny’ tomato (Lycopersicon esculentundill.), ‘Black Beauty’ eggplant (Solanum ~ Sierra) beginning 7 DAS. Each experiment
melongenavar. esculentumL. Nees.), or ‘Sugar Baby’ watermelon Citrullus lanatus Was set up in a separate 49{mwlyethylene
(Thunb.) Matsum. & Nakai] were nontreated, subjected to brushing (20 strokes twice greenhouse. ) ] )
daily) or drought conditioning (2 hours daily wilt), or maintained undisturbed using ebb- At the conclusion of each experiment, six
and-flow irrigation. One week after brushing or drought conditioning, plants were Plants persubplotwere harvested for measure-
inoculated with western flower thrips (Frankliniella occidentalisPergande) or green peach ment of stem length and shoot dry weight
aphid (Myzus persica&ulzer). Brushing and drought conditioning reduced plant height (after 72 h at 70C in a forced-air oven). For
and shoot dry weight of all crops. Brushing of all three species generally reduced thedetermination of insect damage, each flat was
number of thrips, as indicated by number of feeding scars or percent leaf area damaged divided into 24-plant quadrants. Thrips popu-
Drought conditioning did not affect thrips populations consistently. Undisturbed plants lations are difficult to determine; adults are
grown with ebb-and-flow irrigation exhibited the greatest damage from thrips. Brushing reclusive and rarely seen on plants, butimma-
reduced the number of aphids on tomato relative to the nontreated controls. Drought did ture thrips can usually be found on the leaves
not reduce aphid populations consistently on any crop. Brushing for height control may (Higgins, 1992). However, feeding scars and

be advantageous in an integrated pest-management program to control aphids and thrips leaf area damage are good estimates of thrips
populations (Broadbent et al., 1990) and were

used to estimate the thrips population on the

Brushing vegetable seedlings is a nonditions. Overhead plant irrigation inducedtreated plants. Individual aphids per plantwere
chemical way of controlling growth during larger aphid populations than those present aounted. Insect counts or estimates of percent-
greenhouse production thatimproves the oveandisturbed plants watered by capillary matage of leaf area damage were made over all the
all quality of transplants (Latimer, 1991).(Wyatt, 1969). To determine the impact ofplants in each quadrant, providing four
Growing interest in brushing to control thebrushing or drought conditioning on plantsubsamples per replication.
height of transplants dictates a need to detehneight control for an integrated pest-mamagat Thrips. Western flower thrips were col-
mine how the treatment fits with the overall(IPM) program in the greenhouse, we examlected from portulacd. grandifloraL. Hook)
production system. In previous experimentined the effect of these treatments on thrips doy shaking the flowers over a white pan and
(Latimer and Oetting, unpublished), there weraphid populations on vegetable transplantsrushing the thrips (all stages of development)
differences in thrips damage on plants sulzompared to nontreated plants that were irrfrom the pan into a 50-dram vial. The thrips
jected to brushing or drought conditioninggated by either overhead or ebb-and-flow sygopulation collected was composed=g6%

Although, to our knowledge, there have beetems. adults and 25% first and second instars. Thrips
no reports on the direct effect of mechanical- were introduced to experimental plants by
stress conditioning on pest tolerance, mild Materials and Methods placing the open vials in a 2842-cm pan
plant wounding via defoliation or leaf abra- containing 2 cm potting medium and portu-

sion is generally detrimental to insect feeding Plant culture and conditioning treatments.laca flowers and leaves. Thrips-free portulaca
or reproduction (Smith, 1988). However, me+or all experiments described, seeds of tomaftowers, on which immature thrips could com-
chanical stress may elicit ethylene productio(fSunny’), eggplant (‘Black Beauty'), or wa- plete development, were replenished daily for
in some species (Jaffe and Telewski, 1984)ermelon (‘Sugar Baby') were planted into7 days. These pans were placed on benches on
which may attract insects (Campbell, 1988) plastic cell-packs (cell dimensions, 3.8.8x  each side of and 1.5 m away from the experi-
Aphid population development on plantss.0 cm; 18 cr) filled with a peatlite medium mental plants, one pan per replication. Each
subjected to drought stress depends on tiRedi-Earth; Grace-Sierra, Cambridge, Mass.pan contained500 thrips. Seeding for the
aphid and plant species and the intensity eeds were sown two per cell and thinned ffirst thrips test was in June 1992 and included
stress (Wearing, 1967). Moderate drought inene plant per ce#10 days after seeding (DAS). eggplant (15th), watermelon (16th), and to-
creased aphid populations (White, 1984)Seeding date varied slightly among species tmato (18th). Brushing and drought treatments
whereas severe drought reduced aphid fecugynchronize all plants at the cotyledonary stagwere initiated 29 June, and thrips were intro-
dity (Tingey and Singh, 1980) in various speBrushing and drought conditioning were initi-duced on 6 July. Plants were harvested to
cies. Thrips survival is reduced under lowated at the cotyledonary stage (10 to 14 DASneasure growth and to count thrips feeding
humidity (Shipp and Gillepsie, 1993), whichPlants were brushed back and forth across tisears 3 weeks after pest introduction. The
would be expected under drought-stress coffiat with a wooden pole for a total of 40 strokessecond thrips test was conducted in May 1993
twice daily. The height of the bar was adjustetising eggplant (seeded on the 17th), water-
_— as necessary to strike only the upper one-thimelon (19th), and tomato (14th). Brushing
Received for publication 9 Feb. 1994. Accepted fog o115 (Baden and Latimer, 1992). Flats cdind drought treatments were initiated 27 May,
thbl'cat'on 27 May 1994. The cost of pubIIShIngcﬁach species were elevated with wooden slatsd thrips were introduced 3 June. Because
is paper was defrayed in part by the payment A . . . .
s necessary to maintain a uniform canopthrips populations were larger in 1993, plants

page charges. Under postal regulations, this pap@ . o
therefore must be hereby markedvertisement height. Drought-conditioned plants were subwere harvested to measure growth and to count

solely to indicate this fact. jected to=2 h of visible wilt daily, measured thrips feeding scars or to estimate percent leaf
IAssociate Professor, Horticulture. from the initial flagging of leaves. The inten-area damage 2 weeks after thrips introduction.
*Professor, Entomology. sity of the drought treatment increased with Aphid The pest colony used in the aphid
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Cror ProbucTION

tests consisted of green peach aphids maifable 1. Effect of conditioning treatment on plant growth and thrips damage of greenhouse-grown tomato
tained on chrysanthemunDgndranthema plants.
xgrandiflorum(Ramat.) Kitamura] hosts. The

: Thrips
aphlds were placeq on.the. \{egetable plants by Stem length Shoot dry wt Feeding Leaf area
removing the aphids |nd|V|du§1IIy from the_‘r,reatment (cm) (mg) scars/plant damaged (%)
chrysanthemum leaf and placing each aphigf,~==555
on the top of the vegetable leaf using a camel-ygnireated 2194 552 a 36a
hair paintbrush. Because aphid developmentgryshed 12.9¢ 455 be 1.4b
is rapid, aphids in all development stages wereDrought 12.8¢ 424 ¢ 2.0b
added at random. Plants were overhead-Ebb and flow 176b 512 ab 11b
irrigated 6 h after aphid introduction. Seedingylay 1993
for the first of two aphid tests was in Apr. 1993 Nontreated 33.1b 1110b 10.1b 10 be
and included eggplant (16th), watermelon Brushed 22.1¢ 746 ¢ 6.7¢ 7c
(19th), and tomato (20th). Conditioning treat- gg%“g;‘é How %3‘65(; 1429390da 1222'47ba 1282a:

ments were initiated 30 Apr. On 12 May, one =
aphid was applied for every two plants, 3gNontreated, but overhead-irrigated. .
aphids per flat. Four weeks after introductiony,Mean separation within column and year by Fisher’s protestedtP < 0.05.

plants were harvested to measure growth (six

plants per treatment), and all aphids wer&able 2. Effect of conditioning treatment on plant growth and thrips damage of greenhouse-grown
counted in each quadrant of the flat. The watermelon or eggplant.

second test with aphids started in May 1995;

: . Thrips
with the seeding of only eggplant (31th) anq: -

. .Crop and Stem length Shoot dry wt Feeding Leaf area
tomato (28th). Brushing and drought Cond!i_reatment (cm) (mg) scars/plant damaged (%)
tioning were initiated 9 June, and one aphigzrermelon—June 1992
per plantwas introduced 18 June. Aphid popu-Ngntreated 25.1 & 867 a 30a
lations were counted 4 weeks after pest intro-gryshed 17.9b 597 b 15b
duction. Due to an incidental infestation of Drought 16.8¢ 528 ¢ 14b
thrips in both tests with aphids, we also countedEbb and flow 17.7b 551 bc 0.8¢c
the number of thrips feeding scars or estimatefebgplant—June 1992
the percentage of leaf area damaged by thripdVontreated 2l4a 93la 45b
feeding. Brushed 13.4b 734 b 13c

Statistical analysisAll datawere analyzed ~ 2roudnt 9.9¢ 55lc 1.8 be
; . . Ebb and flow 14.1b 508 ¢ 205a ---
by SAS’s (Littell et al., 1991) general linearg plant—May 1993
models procedure, and means were separatefignireated 14.7b 519 a % 28 b
by Fisher’'s protected least significant differ- gryshed 114c 479 b 8¢
ence aP<0.05. Because pest populations and Drought 7.3d 241 ¢ 21b
damage varied significantly across the quad-Ebb and flow 155a 460 b 72a

rants of the flat, counts for the quadrants wef(ontreated, but overhead-irrigated.

averaged for one mean per replication. AliMean separation within column, crop, and year by Fisher's protestied P < 0.05.
aphid or feeding scar counts are expressed dbue to extensive feeding damage, individual scars could not be detected.

a per-plant basis.

Results and Discussion ebb-and-flow irrigation on growth and thripsTable 3. Effect of conditioning treatment on plant
damage varied between the two years. In 1993, growth and aphid infestation on greenhouse-
Of the three crops tested, thrips and aphidsut notin 1992, the plants produced under ebb- 9rown tomato plants.

damaged eggplant the most. Thrips feedingnd-flow irrigation had longer stems, higher Stem Shoot No.
scar counts on eggplant averaged 7 per plast)oot dry weight, and more thrips feeding length drywt  aphids/
which was significantly higher than the 2 peddamage than those of any other treatment. Theeatment (cm) (mg) plant

plant on tomato or watermelof® (< 0.05). larger thrips populations on plants grown unApril 1993
Aphid counts on eggplant averaged 17 petisturbed with ebb-and-flow irrigation may Nontreated 3554 1276a 26a
plant, which was significantly higher than thehave been due to the higher relative humidity Brushed 219b 963 b 04b
1 per plant on tomato or the 0.2 per plant oander these conditions, which improves thrips Drought 21.3b  853c  0.7b
watermelon P < 0.05). Due to significant survival (Shipp and Gillespie, 1993). Ebbandflow  34.7a  912bc  0.4b
interactions, the treatment data are presented Brushing or drought conditioning reduced'\/',f‘ly 1993
. . . ontreated 36.1b 1301 a 15a

by species and, for ease of comparison, aveatermelon growth and the number of thrips g, .sheq 218¢ 909 ¢ 01b
grouped by species instead of experiment. feeding scars in June 1992, indicating a 50% prought 19.1d 630 d 0.7 ab

Thrips Brushing and drought condition- reduction in thrips populations relative to the gpp and flow  43.5a 1093 b 16a
ing reduced stem length and shoot dry weighttontreated plants (Table 2). Watermelon plant;nieated but overhead-inmigated.
of tomato plants in the June 1992 and Magrown with ebb-and-flow irrigation were alsoyyean separation within column and experiment by
1993 thrips tests relative to nontreated corsmaller and had fewer feeding scars than th&sher's protectedso atP < 0.05.
trols (Table 1). In 1992 and 1993, the numbemontreated, overheard-irrigated plants. In June
of thrips feeding scars was reduced 61% antP92, eggplant growth also was reduced bynder the more severe infestation in 1993,
34% on brushed plants relative to the norbrushing, drought, or ebb-and-flow irrigation,brushing reduced thrips populations 70%, as
treated plants, respectively. A 30% to 50%ut the thrips population, as indicated by numindicated by the percentage of leaf area dam-
reduction in thrips populations would signifi- ber of feeding scars, was redued®% on the aged; ebb-and-flow irrigation increased thrips
cantly reduce further population developmenfrushed plants relative to the nontreated plant&amage on eggplant, relative to the nontreated,
which would be advantageous in IPM. Undeand was highest on the ebb-and-flow plantsverhead-irrigated plants.
the lighter 1992 infestation, drought-stressedlthough in 1993 eggplant growth again was Aphids Tomato plant growth was reduced,
plants had fewer feeding scars than the noneduced by brushing or drought, the ebb-andelative to those not treated, by brushing or
treated plants, but in 1993, they had as mudlow-irrigated plants were the tallest but haddrought conditioning in both experiments, but
damage as the nontreated plants. The effectles dry weight than the nontreated plantsgain, ebb-and-flow-irrigated plants responded

1280 HorTtSciencg, VoL. 29(11), MbvemBer 1994



Table 4. Effect of conditioning treatment on plant growth, aphid infestation, and incidental thrips damagiea >31% reduction in aphid counts in each
of greenhouse-grown watermelon or eggplant.

experiment compared to nontreated plants.
Brushing for transplant height control would

Stem Shoot No. Thrips . "
. - be a beneficial addition to an IPM program by

Crop and length dry wt aphids/ Feeding Leaf area ducing thri d aphid lati in th
treatment (cm) (mg) plant scars/plant  damaged (%fe ucing thrips and aphid populations in the
Watermelon—Apr. 1993 reenhouse. The other benefits and potential

Nontreated 2094 1048 a 0.6 5.2 10 problems with brushing for height control of

Brushed 21.3¢ 086 a 0.0 4.4 6 vegetable transplants have been reviewed

Drought 18.0d 742 Db 0.1 5.4 9 (Latimer, 1991). Although, we found no dis-

Ebb and flow 23.5b 769 b 0.1 5.1 7 ease in our experiments, additional research
Eggplant—Apr. 1993 must be performed to evaluate the impact of

Nontreated 193a 706 a 18.0 Yo 64 b brushing on dispersal of other insect or disease

Brushed 14.9b 650 b 12.4 17¢ organisms before brushing can be incorpo-

Drought L.7c Sr4c 176 34C  rated into IPM recommendations

Ebb and flow 19.8a 456 d 20.6 88 a '
Eggplant—May 1993 ] )

Nontreated 20.1a 902 a 0.4b Xoem 12b Literature Cited

Brushed 16.7b 883 a 0.1b 7b Baden, S.A. and J.G. Latimer. 1992. An effective

Drought 9.6¢c 360 c 0.4b 10b tem for brushi table t lants f

Ebb and flow 17.1b 530 b 19a . 76 a system f1or prusning vegetable transplants tor

height control. HortTechnology 2:412—-414.
Broadbent, A.B., J.A. Matteoni, and W.R. Allen.
1990. Feeding preferences of the western flower
thrips, Frankliniella occidentalis(Pergande)
(Thysanoptera: Thripidae), and incidence of to-
mato spotted wilt virus among cultivars of
florist’'s chrysanthemum. Can. Entomol.
differently in each experiment (Table 3). Al-lations on eggplant, tomato, and watermelon 122:1111-1117.
though plants grown with ebb-and-flow irri- transplants. We do not know whether thi&a@mpbell, B.C. 1988. The effects of plant growth
gation in the April test had the same stemesponse is due to physiological changes in the {sggé?;ors aggsh_ezrg'?c'dlﬁ_s En:()liteﬁ)rl]arir(]:thiu?géy)to
length as the nontreated controls, plants undpfants or to the mechanical disturbance. Brush- g« s’tr%ss—insect 'interactions. Wiley New
ebb-and-flow irrigation in May were taller ing would elicit many of the same phytochemi-  yqk. '
than the nontreated, overhead-irrigated coreal responses as mild leaf wounding, whiclyiggins, C.J. 1992. Western flower thrips
trols. In both experiments, shoot dry weighgenerally induces insect resistance in as little (Thysanoptera: Thripidae) in greenhouses: Popu-
was reduced under ebb-and-flow irrigatioras 24 h (Smith, 1988). Because the thrips were lation dynamics, distribution on plants, and as-
relative to those not treated. In Apr. 1993free to select the preferred host plants, brush- sociation with predators. J. Econ. Entomol.
aphid populations were highest on the noring apparently induced resistance to thrips, 85:1891-1903. _ _
treated tomato plants but similar among thearticularly in tomato. Drought conditioning Jaffe: M.J. and F.W. Telewski. 1984. Thigmomor-
othertreatments. In May 1993, only the brushedid not consistently alter thrips populations as Pegenesis: Callose and ethylene in the harden-

; - : ing of mechanically stressed plants, p. 79-95.
plants had fewer aphids than the nontreataeddicated by feeding damage. The effect of In? B.N. Timmermgnn, cC. Ste%”nk’ ;Jnd EA.

plants. plant stress on thrips host selection or popula- | gewus (eds.). Phytochemical adaptations to
In Apr. 1993, watermelon stem length wadion development has not been explored previ- stress. Plenum Press, New York.

reduced by all conditioning treatments, bubusly and requires additional research. Plantstimer, J.G. 1991. Mechanical conditioning for
there were no significant differences in thegrown undisturbed with ebb-and-flow irriga-  control of growth and quality of vegetable trans-
number of aphids, thrips feeding scars, diion tended to exhibit the highest thrips popu- plants. HortScience 26:1456-1461.
percent leaf damage relative to the nontreatddtions, perhaps due to higher humidity in théittell, R.C., F.J. Freund, and P.C. Spector. 1991.
plants (Table 4). With eggplant, under submicroenvironment (Shipp and Gillespie, 1993) SAS system for linear models. SAS Institute,
stantial aphid population development in ther a more succulent leaf. Sh_Cary| N.C. I

o . . . ipp, J.L. and T.J. Gillespie. 1993. Influence of
Apr. 1993 test, conditioning treatments did not  Generally, brushing reduced aphid popu- temperature and water vapor pressure deficit on
significantly reduce aphid counts. Under thdations. Differences in crop biochemistry, leaf  syryival of Frankliniella occidentalis
lower population levels of May 1993, egg-type or the specific location of aphid infesta-  (ThysanopteraThripidae). Environ. Entomol.
plants under ebb-and-flow irrigation hadtion (i.e., the shoot tip of tomato vs. a general 22:726-732.
slightly more aphids than under the other treatnfestation of eggplant) may have resulted irsmith, C.M. 1988. Effects of mechanical damage to
ments, which is contrary to previous findingshe greater effect of brushing on aphid popula- plants on insect populations, p. 321-340. In:
(Wyatt, 1969). In both experiments with aphidsions on tomato. However, drought condition- ~ E-A. Heinrichs (ed.). Plant stress—insectinterac-
and with all three vegetable species, the aphidg did not consistently reduce aphid counts._tions. Wiley, New York. ,
populations tended to be lowest on brusheoh all species, which is not consistent with "98Y; W-M.and S.R. Singh. 1980. Environmental

plants but were only significantly lower thanWearing's (1967) results where aphil. ( L?g:]o(r; :22;?:&29ghgﬁTiggft:’nqug‘fj,\fgfer?l[
the nontreated plants for tomato. persicagfecundity on young and mature leaves 54 pR. Jenninés (eds.). Breeding of plants

In the incidental thrips infestation in theincreased with increasing water shortage but resistant to insects. Wiley, New York.
experiments with aphids, thrips damage odecreased on older leaves. Wearing, C.H. 1967. Studies on the relations of
watermelon was about equal for all treatments  Drought conditioning did not consistently  insect and host plant. Il. Effects of water stress
(Table 4). However, in the Apr. 1993 testreduce pest populations on any of the tested inhostplants on the fecundityldf/zus persicae
thrips damage to eggplant was reduced >73%ops, but it also did not result in higher pest (Sulz.) andBrevicoryne brassicag..). Nature
by brushing and 47% by drought, but it wagpopulations. However, brushing reduced thrip hilg'.rlg%_iggifh bund finvertebrat
27% greater on the ebb-and-flow-irrigatechopulations, as indicated by feeding damagé, "o, -~ 2994. Lhe abundance otinvertebrate

; herbivores in relation to the availability of nitro-
plants relative to the nontreated plants. Ebt80% to 60% on tomato, 70% on eggplant, and : ; 00—
o . gen in stressed food plants. Oecologia 63:90
and-flow-irrigated eggplants also exhibited40% to 50% on watermelon transplants. Brush- 7gg.
much more leaf-area damage due to highémg also reduced aphid populations on tomat@yyatt, 1.J. 1969. Factors affecting aphid infestation
thrips populations in the May 1993 test. transplants by >85% and tended to reduce ofchrysanthemums. Ann. Applied Biol. 63:331—
Generally, brushing reduced thrips popuaphid counts on eggplant and watermelon, 337.

“Nontreated, but overhead-irrigated.

YMean separation within column and experiment by Fisher's protesteat P < 0.05. Nonsignificant
differences in columns lack letters.

*Due to extensive feeding damage, individual feeding scars could not be detected.
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