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Exhibic 2a, #17

Impact of a Seed-Feeding Insect and Microorganisms on Velvetleaf
(Abutilon theophrasti) Seed Viability'

ROBEKT J. KREMER and NEAL R, SPENCER2

Absirace. Field infestations of a sced-feeding inscct de-
veloped from overwintcred populations reduced viability
of velvetleaf sced to 17.5 and 15.5% at two locations in
central Missouri, compared to 95,5 and 57.5% at insect-
free sites. Insect feeding cnhanced the proportion of seed-
borne microorganisms in seed up to 98% compared to the
average fungal infection of 8% fur sced not exposed to the
inscet, There was a strong negative correlation between fungal
infeetion associated with insect feeding and pereent velveticaf
sced vizbility. The insect transmits microorganisms externally
just as pollen is carried by various other inscct species and
not by ingestion and regurgitation, The cffectiveness of
the inscet on reducing seed viability and sced production
in central Missouri is mainly limited by the time required
to build up populations capable of significantly affecting
carly-scason  velveticaf sced  production. Nomenclature:
Scentless plant bug, Niestbrea louisicaica Sailer; velvetleaf,
Abutilon theophrasti Medic, #° ABUTH.

Addirivnal  index  words. Biocontrol, microbial c¢cology,
scedborne microorganisms, sced viability, ABUTH.
INTRODUCTION
Velvetleaf is one of the most troublesome and eco-

nomicallv important weeds in row crops throughout the
north-central and in most of the southern United States
(12, 23). The characteristic of staggered maturation of
velvetleaf {10) accounts for the production of high numbers
of viable seed during several weeks in the growing scason.
A high proporuon of the seed s dormant (possessing hard
and imperineable seed coats) and may remain viable in souls
50 yvr or more during which germination occurs gradually
(6, 18} The hardseeded attribure is @ major factor for the
occurrence of velvetleaf as a serious weed of row crops (17).
Velvetleaf often cscapes carly-scason weed contrel, espe-
cizlly when soil-applied herbicides fail to perform satisfac-
torily {13). Velvetleaf often cmerges late during the growing
scason and, if not controjled, will net only compete with
crop plants for light, moisture, and nutrients but also produce
viable sced for addition to the soil seed bank., Mcethods are
needed to reduce the annual accumulaton of seed in soil
by preventing seed production and reducing seed viability
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Sclective postemergence herbicides can be used to eliminate
velvetleaf escaping early-season control: however, the ex-
pense of the chemicals and application technology required
and potential injury to the crop may not be justified because
the escapes often do not significantly reduce crop yields
(2), An alrernative strategy would be to use biologieal control
agents that cffectively prevent seed production and/or reduce
seed viability.

Microorganisms are potential biological control agents
for reducing the input of viable weed seed in soil. Micro-
organisms able to infect crop sced rapidly establish and
metabolize seed contents resulting in decreased seed viability
and secedling vigor (8}, However, many weed specics, includ-
ing velvetleaf, exhibit very low microbial infection under
field conditions because penetration of the sced by surface
microorganisms is limited by physical barriers and anti-
microbial compounds localized within the seed coars (7,
14, 16). When rthese barriers in velvetleaf seed were sur-
mounted by rupturing the sced coatr, sced surface micreo-
organisms readily infected and decomposed the seed contents
(16). Therefore, methods of weakening the seed coat of
developing velverleaf seed in the field could allow microbial
penetration and attack of seed before dispersal to the soil.

Recent studies on the native scentless plant bug revealed
that this seed-feeding insect reduces velvetleaf seed numbers
and wviability in controlled greenhouse/environment chambers
and on caged plants in the field (11, 21, 24). The imnsect
feeds by penectrating immarture capsule walls with a flexible,
hollow stylet and imbibes seed contents, probing the de-
veloping seed from which it obrains nutrients for growth,
Planis of other malvaceous species are the only other known
hosts of the scentless plant bug and development of the insect
on these plants is incomplete or considerably slower than that
on velvetleaf (11).

Wounding and penetration of the velvetleaf sced coat
by the scentless plant bug may promote microbial infec-
tion by providing ingress points for seed-associated micro-
crganisms.  Although several insect-microorganism associ-
ations involved in sced deterioration have been reported
for ficld crops (1, 9, 19), no published information exists
for such associations on sced of weed plants. Thus, the
potential exists for developing a biological control strategy
based on integration of the scentless plant bug and selecred
microorganisms for enhanced control of velvetleaf sced pro-
duction.

The present study is a porton of a project ¢xamining
the effects of the scentless plant bug on repreduction of
velvetleat in central Missouri. Although the insect 15 native
from Anzona to Floridz north te New York znd west to
Tows 1r the Mississippr Valley, its greatest impact on velvet-
wof is aited to the southern United Srates and it occurs
nlv .1 sporadic numbers in the Midwest so that no
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on veiverleat v ovident (2200 Insects for this study were
mass released in July 35 and 3¢ty oove T ered
at release sites where |7 ns on vove Y de-
veloped during the 1986 and 1987 grow’ : sceasens. (Tan-
sequently,

wr

the objectives of the present st v were 171 a)
assess reinfestations of the scentless plant vug deveiaped
from overwintered populations at velvetleaf-infested sites
in Missouri for effects on seed production: b) dete.mine
the relationship between inscer feeding and micre.... n-
fection of velverleaf seed: and ¢) demonstrate the auence
of the insect-microorganism relationship on velvetivad seed
production and viability.

MATERIALS AND MET::CDS

Six velvetleatf-infested sites in sovbean ficids 2t eaen
of two locations 1in central Missouri (Beone and Osage
counties) were sampled. The sample sites were esioo..shed
in 1985 near release sites of laboratory-reared scentless
plant bugs at each location. The insects were reared at Stone-
ville, MS, on moistened velvedeaf seed (11). In Juiv 19835,
9000 to 10000 sceniless plant bug adults were released
on velverleaf plants growing within a 10-m? area at botn
locations. A minimum of one insect-free site at each loca-
tion was estzablished approximately 1 km from the infested
sites, In 1985, 20 randomly selected velvetleaf plants were
tagged and all seed produced/plant during the scason were
coifected as one sample. In 1986 and 1987, the same sampling
scheme was followed in zddition to collecting four sampics
of 15 random mature (brown) seed capsules from othe-
plants at each site every 10 to 14 davs beginming in July
and conunuing over 8 to 10 sampling dates into October
In 1987, the influence of staggered maturity characteristics
of velverleaf (10) on the effectivencss of the scentiess plant
bug on seed viability and microbial infection was deter-
mined by sampling mature seed capsules zccording o posi-
tion on eight selected plants for comparnison with randomls
collected capsules. Alse 1n 1986 and 1987, overwinsering
popuwiations of the scentless plant bug were monitored for
initiation and rate of :nfestation DV transecung in several
directions from the 198% reicase sites. At cach collection
date, sced capsule samples from each site were placed 1n
bags. transperted to the laboratory, and stored at 0 C until
assays were performed. Sced and any scentless plant bugs
(nymphs and adults) were separated from the capsules and
counted.

Microbial infection and sced wiabiliny were detsrmincu
for all samples. A random selection of 200 secd ..oia wuvn
sample was divided into 106 iots of 20 sced cach. Lacl s d
lot was placed on autcclaved Whatman No.
moistened with 6 m! of malt-salt soluuorn,
petri dishes (100 « 15 a The MSS wes
Mills et al. (20) and « a 13 g malt exrracr” :nd

“Abbreviztions. M5S malt-sas solunion. PDA cuteie oo
3g:1r_
*Difco Laboratorics. Detroit, M1 48232,
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sodium ¢ .. in 1-L distlied water agjusice o pit o3
before 2l oang. This technique favored the ;o Gon
of alt vi 7 Te vehvetle: 7 oseed cided with @ 2 Tevd -
not of o ural groupings of dir” 1 nndroorgamsss most
"t oanvolved inoseed deterion tion The perrt dishes were

teed o a dark gernooe 1 chamber for ¢ davsat 28 = 1 C

Afrer ineubztion, seed vieoadty was recorded 1o anclude
germinated sced (radicle protrusion »1 mm) plas Lard (-
permeable) sced. Hard seed were considered wvieo.o oocouse

previous nals showed that 99.3% o, . rd seed [ oduced

normz| seediings when tested Tor ger
cation. Imbibed seed that fall
as nonviable.

Fungl deveioping on seed were exanun . using & ster -
microscope with magmiications up o 30 and dentic’
10 genus using appropriate Kevs (3. 5). Bactenia deve
on sced were subcultured on nuirent aga.r’-. The baclera
were characterized as previously reported (13) The fre-
quency of occurrence of all microorganisms on both the

ne 1on after seanfi-
wd o germinate were recorded

viable and nonviable sceds was determined.

Insects (dead after frozen storage) collected wath seed
capsules were randomiv selected and assaved for the pres-
ence of microbial propagules associated with the exeskeleton
based on procedures modified from Stephenson and Russell
(253 Eignt to 10 nensterile or surface-sterilized [1 mn
immersion in 70% (Vv oethanol foilowed by sterile warer
rinscs] insecis were transferred to culture plates containing
nutrient agar or petato dextrose agar. PDA
reinoved from the plates after 13 nun and culrure plates
mcubated. Surface-sterilized insects wo o a0 assaved for
rucroorganisms  byooasep o'lv 13 wcring  insects
tadults and late-Instar mympns) fo oMo Internal oroos,
homogenizing the organs in stenile distiled water. an ' ptoung
on nutrient agar and PDA. AR plates were incubated in the
dark 2t 28 = 1 € for 5 dayvs

Analvsis of variance was conducted on all date tor eacn
er combined vears. Where F-values were sigmficant at P oo
0.035 level, LSD's were caleculated for mican separations W cn
approprizle. lncar regressicn procedurce were used o owo-
seribe relanionships between seed viacoaty and nuero o
parameters. The interaction of samphng date and vears (1986
and 1987 within location was nonsignificant for total sced/
s 'xoseed wviability, toral viable seed. fungal and ' ctenal
infection.  or  freguency  of microurganisms  wi T seed
classes: ihus, data on these parameters for the 2 vr were
combined.

Inseets were

nler:

RESULTS AND DISCUSSICN

ATler rewwase of ’ oldnt bups i 1983 average
pe T 200w 23 v s an w0 aecloned
within £ weeks The 0w owe gqeboat the R3 e

R6& stzges of dev lopment (W) Feeding insects cor etely

covered the smmature capsules.  -zers dispersed in - direes

nons fromotooorelesse center oo establish high pomucTions
fover 100 avmnas and aduds planty on velveovz, waoan
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Table 1. Lifcets of the scentless plao.” 1 inean viability and fungal
infection of total velverleaf sced produccd .uring the growing scason
at two release sites in Missouri during 1985, 1986, and 19872,

Control InfestedD
Location  Year Viable sced Fungi Viable seed Fungi
(23)
OOnL 19853 87 7 52 36
1986 81 n 38 77
1987 88 8 42 57
Osage 1985 21 6 36 54
1986 84 Q 44 60
1987 B3 i2 47 60
LS (0.05) o.u 30 5.1 8.0

*LSL (0.05) between control and infested trearments for % viable
sced and % fungi are 12,1 and 14.2, respectively.

blnsccts were tnureduced at both sites an velvedeaf planes at the
R3 o R4 developmiental stage {ref. 10) in 1985: infestations in 1986
and 1987 developed from overwintering inscet populations.

season progressed 1nto curly October before the first frost
occurred. In 1986 and 1987, overwintered adults were first
observed on young velvetleaf plants in late June at both
locations. Inscet populations increased slowly from two or
three adults to » 10 adults/plant and the range of infesta-
tion on velvetleaf expanded to only about 1500 m’ in 30
davs. After 60 davs, the area of infestation had expanded
to 15 to 20 ha, and all stages of the scentless plant bug were
found on velvetleaf within this arca. These observations
are similar to those of Wheeler (26} who described a char-
acteristic late summer buildup of scentless plant bug numbers
on Rosc-of-Sharon (Hibiscus syriacus L.) in North Carolina.
Also, surveys of the scentless plant bug in Mississippi re-
vealed dense populations of “several hundred nymphs on
individual welvetleaf plamts™ from July through October
(11

The mean viability of velvetleal sced samples comprisig
all mature sced produced/plant harvested at the R6 stage
in mid-Seprember in 1985, 1986, and 1987 was significantly
reduced by the scentless plant bug (Table 1). Sced viability
from infested sites ranged from 38% atr the Boone location
in 1986 to 56% =zt the Osage location in 1985, Seed viability
from conrtrol sites was greater than 80% over the 3-yr period.
Although no other ficld studies exist for comparison, the
trend 1nsignificant reductions in seed viability by the scentless
plant bug was similar to those reported in previous controlled
studies {11, 21, 24). However, the magnitude of decreases
in sced viability was not as high as the previous reports because
the insects were not confined to plants from the onset of
sced production. Thus, assays on sced accumulated from
ficld-grown plants during the growing season may under-
estimate the impact of inscer feeding on viability.

Fungal infeetion was considerably higher in sced atiacked
by the scentless plant bug and ranged from 54% at the Osage
location in 1985 to 77% at the Boone location in 1986 (Table
13. Fungal infection of seed from control sites was no more
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than 12%, which approximates the infection level in fietd-
collected velvetleaf sced reported previously (16). The en-
hanced fungal infection of velvetleaf seed by the scentless
plant bug is similar to that for inscct-fungus rclationships
implicated in infection promotion and disease development
in many crop seeds (1, 19, 25) The present report is the
first account of an insect-fungus relationship on seed de-
terioration of an cconomically important weed species.

When  velvetleaf seed were assaved by maturity date,
viability of the seed from infested plants decreased as the
season progressed {Table 2). Feeding by the scentless plant
bug did not consistently reduce total sced produced/sample;
however, total viable seed produced was significantly re-
duced throughout the svason with the greatest reductions
occurring at mid- to late-season harvests. Thus, as insect
popuiations increased, newly produced sced capsules were
readily attacked resulting in subsequent reduced seed viability
and increased microbial infection of seed developing at that
time. This is also reflected in the relative increase in numbers
of feeding insccts/capsule observed as the season progressed
(Table 2).

Scentless plant bugs fed intensively and completed develop-
ment only on available immature capsules and did not affeet
mature sced even when present on the same plant, a charac-
teristic feeding pattern previously obscrved in greenhousc
studies (11), Selected plants from which capsules at different
positions were assayed became infested with scentless plant
bugs {early to mid-August) as the range of the insect expanded
to include these plants. Capsules from lower positions of the
plants (nodes 1 through 6) in early Scprember contained
mature seed with high viability and low fungal infection
compared to low wviability and high infection of seed in
capsules from upper positions of the plant (nede 7 and above)
{Table 3). Inscct presence and activity was most intense
on developing capsules on upper positions of the plants.
Assays of randomly collected capsules yielded seed viability
and fungal infection levels approximating the average of
thosc for the lower plus upper samples. Even though the
scentless plant bug was cffective in limiting viability and
promoting fungal infection of immarture sced developing
in capsules, viable seed produced before insect infestation
escaped attack and were dispersed at maturity. These re-
sults suggest that reduction of seed wiability in the early
stages of velvetleaf infestation is critical in reducing total
viable seced produced during an entire season.

Coincident with the progressive decline in sced viability
during the course of the season was the increase mn fungal
and bacteria! infections of seed (Table 2). Indeed, cxamina-
tion of data from 3 yr of sampling revealed a strong negartive
correlation between frequency of fungal infection and percent
sced viability (Figure 1). These data suggest that seed viability
decreased with increasing microbial infection as a result
of feeding by an increasing insect population as the season
progressed. This relationship is similar to those reported
for effects of fungal infection on seed viability in studies
of deterioration of crop sved (8).

The majority of seedborne microorgemisms was wsolated
from nonviable velvetleaf from both control and infested
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Table 2. Effects of the scentless plant bug on Eroducrion‘ vizbility, and microbial infection of seed of field-grown velvetleat sampled at vanous

dates during the 1986 and 1987 growing scasons?

Total seed Seed viability

Total viable seed

Fungal infection Bacrerial infection Insects/capsuie

Pare Location Control Infested  Control Infested  Conrrol Infested Control  Infested Control  Infested [nfested
(no.) (%) (no.) (Y — {no.)
79 Bocne 550 88 480 3 0 .
7/21 Boone 580 530 95 62 550 330 [} 48 4 22 2
8/5 Boone 640 520 96 55 610 290 11 40 1 20 2
8/8 Osage 650 320 86 78 360 410 9 12 1 + 1
8/1% Boone 620 550 94 49 550 270 14 47 4 39 2
B/20 Osage 560 620 81 53 460 320 8 +6 1 23 3
9/1 Boone 580 480 86 49 500 240 12 19 13 41 4
9/10 Boone 560 460 86 42 480 190 14 38 13 26 10
Osage 440 590 BB 22 560 130 6 37 4 32 11
9/22 Boone 470 470 BO 27 380 120 16 69 8 27 13
Osage 470 880 85 20 400 14} 16 Bo6 8 25 15
10/5 Boone 520 480 76 17 400 80 19 78 18 32 13
10/8 Qsage 550 445 78 15 430 70 17 93 12 36 16
LSD (0.05) 58 29 5 6 45 30 7 11 9 11 -

&y alues are means of four replicate samples of 13 capsules cach from two sites at each locanon.

l-)LSD {0.05) berween control and infested treatments for toral seed = 52; seed viability = 14 3, total viable seed = 71 20

and bacterial infection = 12,0,

(s . . . - . . . .
Qualirative data included to illustrate relative trends in inscer infestation

sites (Table 4). The highest incidence of microorganisms
was associated with nenviable seed from infested sites where
up to 98% of seed collected on certain sampling dates was
infected with fungi and bacteria. Three main fungal genera
were consistently isolated from nonviable sced and were
up to seven times more prevalent in seed artacked by the
scentless plant bug than in seed from control sites (Table
4). Alternaria, Cladosporium, and Fusaritin were also the
most prevalent genera associated with external surfaces of
velvetleaf capsules (unpublished data) and mature seed (16}
on field-grown plants. Bacterial infection, which oceurs
naturally at low levels in ficld-colleeted seed (15, 16), in-
creased over twofold in insect-attacked seed. Major bac-
terial genera isolated included Psewdomonas, Erwinia, and
Flavobacrerium, which are similarly found in field-grown
velvetleaf seed (15).

Seed attacked by the scentless plant bug were lighter
in color, smaller in size, and had sunken arcas compared

Table 3. Relationship of capsule position on velvetleaf plants to freding
pattern of the scendess plant bug and viability and fungal infection
of seed.

Capsule Seed Fungal [nsect
position viability infection presence?

(%) {no.}
Lower 82 8 "l
Upper 34 62 =25
Random 53 25 2 -25
LSD (0.05) 17.5 18.0

nApproximatc nurnber of insects {nymphs and adults)/capsule.
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tw nonattacked seed. Microscopre examination ol oseed
from infested plants revealed depressions in and/or puncrure
holes through seed ceats. Reddish to orvange-red calli or
exudates from feeding purnetures were often ol surved. These
types of feeding injury are typical of attack on sced by
hemupterous insects (1, 4} Also, fungal myecelia covered
the surfaces of over 78% of inscer-attacked seed. Light and
scanning clectron microscopic studies revealed fungal hypnae
and bacrerial cells intimartely assoclated with feeding punc-
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?ﬁ) £0 _\\ 1
o
s s
5w
e Or
A
E of -
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Figure 1 Relationship between velvetleaf seed wviability a7 fungw

infection at sites infested and noninfested with N, lowisian..a .1 1985
1986, and 1987. The regression equation for 1985 is Y = 96.88 -
0.86X (r* = 0.88); for 1986 is Y =93.62 — 1.26X (' = Q.85 for
1987 is Y = 85.47 — 0.78X (v = 0.80).
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Table 4. l'requency of nucroorg . within sved classes influenced
by insect feeding during 1986 and 1987

Viable sced Nonviable sved

Microorganism Location Conirol  Infested  Control  Infested
1%0)
Alternaria spp. Boone 2 10 8 43
Osage 3 8 10 36
Cladosporium spp.  Boone 1 10 5 32
Osage E 9 10 26
Fusarivon spp. Boone 2 10 10 40
Osage 4 9 5 40
Ozher fungi Boaonc 0 1 1 2
Osage o] ] 4] 2
Bacteria Boone 0 6 18 42
Osage 1 2 22 52
L5 10.05) 2 5 9 9

818D (0.05) between control and infested treatments for viable
seed and nonviable seed 15 5.2 and 9.3, respectively.

tures and present within seed coat and endosperm tissues
of insccr-attacked seed (unpublished results). Seed exhibiring
this level of infection were always nonwviable,

Precdominant microorganisms infecting seed from infested
plants (Tabl¢ 4) were also isolated from over 90% of the
exoskcletons of scentless plant bugs assayed. Howewer, these
microorganisms were not isolated from internal contents of
surfzce-sterilized nscers indicating thar the microorganisms
were not harbored internzlly. Transmission of microorganisms
to sced would appear. therefore, to be mechanical much
like pollen is rransmitted externally by bees (Apoidea). Micro-
organisms occurring  epiphvuically on  velvetleaf capsules
may adhcre to, and be transported by, the insect for iniro-
duction imrto developing seed during or shortly afrer insecr
stylet penetration. Thus, the inscct provides a natural means
for overcoming velverleaf sced coat barriers to microbial
infection. Microbial invasion through injuries created by
feeding-wounding inscets 1s 2 common means of insect-
mecdiated transmission of many bacterizl (9) and fungal
(1. 19} plant pathogens. The ccological relationships among
the scentless plant bug, epiphytic microorganisms, and velver-
leaf seed are comparable to those described for the stinkbugs,
Acrosternum  iilarum Say and Euschitus spp., the yeast,
Nematospora coryli Peg., and soyvbean seed, which contnibute
to the development of yeast spot disease in soybean (4,
191,

The results of this study show thar under field conditions
the scentless plant bug ean reduce production of viable velver-
leaf seed directly through feeding and pron oting infecnion
of sced with derrimental microorganisms. [n practice, the
scentless plant v may be reared cconomically on velvetleaf
sced Cuoed 5 in the Midwest,
where ©° " sect occurs only spo dicz y n late summer,
with no ¢ «¢t, o control velvetle L Selection of micro-
organisms more effective in seed ¢ rterioration may further
improve contrel  of velverleaf seed production with rhe

" ¢ oearly mmundatio 7
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scentless plant bug and lead te an integrated blocontrul
approzch. If this can be achicved, the reliance cn post-
emergent chemical control of velvetleaf might be reduced
considerably,
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