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INTRODUCTION

In 1965, a new diszase c¢f peernuts was discovered in

Gzorgyia, The diseass, Cylindrccladium Black Rot (CBR), was

named aftzr the causal fungus Cylirdrocladium crozalariae
(B=11 and Sobers 1966). The disease was found in South
Carolira in 1968, Japan and Virgiria in 1970, and North
Carolira in 1971(Garrer =2t al, 1972) . The spread 1in
Virgiria has been particularly rapid (Table 1). CBR has not
been found in the western peanut growing states of Texas and
Oklahoma. The discase has developed into a severe threat to
the p=zanut crop, and has also been shown to be pathogenic to
soybzan and tcbacco (Powell =t al. 1976) . It has been
estimat2¢ that the <crop in Virginia is reaching only 85
percsrt of its poterntial due to CBR (Garren : persoral
cormunication). That amounts *o a lcss of over $10 million,
based on the figures ir Table 2, in the state of Virginia
alors.,

The pzanut industry is a large scale business in most
of the states where the creop is grown, This is evident from
the dollar values of +the 1976 peanut crop in 7 p=2anut
growirg states as seen in Table 2. These fiqures do not
includs the multiple ecoromic benefits derivad from the

psanut crop , such as the equipment sales and employment.



Tabl=s 1, Occurrence of Cylindrecladium Black Ekct (CBR)
in Virginia peanut fields from 1970 tc 1975
(Garren and Ccff=21t 197¢).
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Yesar Number of fields
1970 1

1971 2

1972 9

1973 24

1974 125+

1975 epidamic




Tebls 2. Dollar valuss of the 1976 peanut crop
in sever states (Aron. 1977) .1

State Dollar values
Alabama 105,686,240,
Gaorgia 320,559,072,
North Carolina 96,717,600,
Oklahoma 50,128,650,
Southk Carolina 460,350,
Virginia 64,780,000,
Texas 90,255,750.
Total 728,587,622,

- . - - D S SR D D D e WD = S e W W D R D S - S S e T R AR WS W M WA Ee A A AR e e

1 Florida contributed an additicral $33,564,000
ir sales during 197¢.



The incidenc2 patterrn cof the disease over the p2anut
growirg states on the Atlantic coast of the United States
has created speculaticn as tc the method of dispersal of the
causal furngus. The disease can bte spread short distances by
wind ard mechanical means (Rows et al. 1974; Krigsvold et
al. 1977). Patterns of spread over short distances are
shown clearly in Fig. 1.

Wind and mechanizaticn explainr how the disease can
spread lccally, but rot over long distances, which was the
case with CBR. As mentioned earlier, the disease was found
first in Georgia in 1965, It was not fcund again until 1968
ir South Carolina and in 1970 was fcurnd in Virginia. North
Carolina's first diseased field was found in 1971,
Qutbreaks of the disease were clearly szparated by
relatively lorg pericds of time and over great distances.
Thke progression ncrthward from Georgia was also
disceortiruous, ceaching Virginia prior to Ncrth Carolina.

It is conceivable howsver tha%t many fieclds were diseased

before thsir discovery and diagrosis. It 1is ther=fore
possikle that <+he sgread northward was indeed in a
contiruous pattsrn cvar relatively short distances.

Circumstantial 2videnc=z hLowever tended to lean towards some

means of long distance dispersal.



Fig. 1.
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Two superimposed infrared aerial photographs
of the same peanut field one year apart
(9/18/74% and 8/13/75) indicating the presence
and spread of Cylindrocladium Black Rot of
peanuts (After Powell et al. 1977).



Birds seemed cbvious candidates for long distance
dispersal of CEBR. Migrating birds especially fit the
pattz2rn of incidence alcng the east coast., It is generally
known thaet birds disperse plant seeds over great distances.
The proven instances ¢f dispersal c¢f plant pathcgens and
other plant parts are much more rare., The literature review
secticr following goes intc depth on the proven instances to
date. The hypothesis developed 1in this research project,
was that bicds in gemneral, migratory birds more
specifically, were carrying the caucal fungus and ther=fore
spreading the diss2ase. The actual mode of transport was
speculated tc be of ore or mor=2 types. Soil contairning the
fungus coculd be carried orn the fee* of birds, or infected
plant parts or ©peanuts could be 1ingested with fecal
depositiocon causing the necessary inoculation elsewhere.

Ohjectives were established in hopes ¢f supporting or
refuting the circumstantial evidence. In gereral, the role
ct birds in spreading the rplant disease, Cylindrocladium
Black Rot, was to be investigated. Five specific objectives
were developad as fcllows:

1) To determire what bird spacies were utilizing peanut
fields at all times of th= year,.

2) To &

L

termine the migratory or mcvement patterns of

species chserved using pearut fields.,



3) To detarmine 1t soil or the feet, 1irgested material, or
crop contants of birds collected in psarut fields contained
the fungus, As part c¢f the third objective, soil frcm a
blackbkird roost was analysea for the fungus also.

4) To detarmine whether cr rot the fungus could survive

passaqge thrcugh the gastrointestinal tract of birds held in

5) To devisz a control frogram if birds were positively
implicated in the spread of the disease.
Tue importance of the peanut crop to southeastern

states and the potential severity of CBRE tc that crop

{0l

justifies research towards arswering questicns concerning
CBR. This is especially relevant as control procedures have

rrot been found for the disease at present.



LITERATURF REVIEW

Bird Utilizaticn Of The Psanut Crop

This research project invclves the use of p=arnut fields
by birds, Some krown instarc=2s of this type of use are
lis*2d., According tc Martin et al. (1951), peanuts are used
by some birds and mammals, probably due to the nutritious

nature of the sezd., He noted that Mourning Doves (Ze

macreura), Bobwhite Quail (Colirus virginiapus), Turkeys

{Msleagris gallopavo), and Ccmmcn Flickers (Colarptes

- ik S P —— e A

auratus) utilized peanuts as food +to varying degrees.,

Graham (1941) listed the peanut as an impertart food of
Bobwhite2 Quail and Turkeys, while it was fcund in the

stomachs of the Commor Crew (Corvus brachyrhynchos), Boat-

Tailed Grackle (Cassidix mexicanus), Mourning Dove, Red-

Wing=d BRlackbird (Agelaius phoeniceus), House Sparrow

—— e —— —— o

(Passer domesticus), and possibly wcodpeckers., The Canada

Goos2 (Branta canadensis) has changed its migratory patterns
recently, staying further north., Tlis has Leen attributed
to changing agricultural practices, which have madz the
peanut more a*tractive to gees2 (Harnkla et al. 1967). Beal
(1900:71) found traces of the pulp of some large seed or nut

(psanuts ?) in Boat-Tailz=d Grackles, Bobolirnks (Dolichonyx



cryzivecrus), Brown-Headed <Cowbirds (Molcthrus ater), Ped-

wing=d Blackbirds, Rusty Blackbirds (Euphagus carolinus),

and Commen Flickers, Crebbs (19€0:92) found that Red-Wirged
Blackbirds and Common Grackles (Quiscalus guiscula) fed on

psanuts h2avily, while Starlings (Sturpus vulgaris) and

Brown-head=2d Cowbirds only show=ad traces of peanuts in their

diets. All species, however, did feed in the fields
extensivsly with other materials taken, Much the sanme
results were found in follecw up studies to Crebbs' work, as

peanuts were found to be the largest component for all

blacktiréd sp=acies combired (Hardy 1961; Lefebvre 1961).

Birds As Vectors Of Plant Parts

Dispersal of Sz2ds £y Birds

RBirds are well known dipersers of many different plant
seeds. Janzen (1971) gives a brcad review cf seed predation
by both birds and mammals, He <cites several examplas of
dispesrsal of seeds by birds. One aspect of seed dispersal
is the ©benefit to sea2d of some species cf passage through
the gastrcintzstinal +tract of vertebrates. This enhances
germiration of seeds 1irn some caszs (Krefting and Rozs 1949;
Olson and Blum 1968)., Small scale dispersal is shown by

Fordham (1969).
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Fxamples of long distance dispersal of seeds by birds
are numerous. Cleland (1952) found several plant spacies in
Australia had been spread via seeds in birds. Viable sesds
were fcund Iir the gizzard c¢f Srow Buntings captured on a new
volcanic 1island where nc grewth had occurred tc produce
sezds (Sigurdsson ard Fridriksson 1969). Proctor (1968)
found that several factors were involved with the dispersal
of sesds, such as =size of the seed, digestive action and
di=t, He round se=ds retained up to 200 or 300 hours in the
gastrcintestinal tract. Proctor alsc fcund scme seeds were
requrgitatezd. It has been suggested that this regqgurgitation
may be a possible method of dispersal for gprcpagules that
canno* survive passag= through the entire tract (Malone
1966) . Falla (1960) menticned s=veral peslagic bird species
as dispersal agents, Besides interrnal transport of seeds,
Crudan  (1966) reviewed the possibilities of seeds being
carriz=d in mud or the feer of birds. He cited an article by
Darwir in 1859 and several others which alluded to this
poessitility.

A few instances of detrimental se=d dispersal are also
known. S=2ds of the mistletce were shown tc be spread by
birds in the southwast United States (Bray 1910). Zilka and
Tinnin (1976) suggested that 10 out of the 80 bird species

they studisd cculd be important vectors of dwarf mistlatoe.



1M1

Ths sticky seeds were fourd on f=athers, but not in

droppings.

Disparsal 9f Other Plant Parts by Bird

Semetimes other organisrs and plant parts along with
seeds are transperted cor meved abtout by hirds. Plankton and
ths eggys of brine shrimp were fourd viable in the fecal
ccntants of Mallards (Anas platyrhynchos; Malcne 1965). A
spzcies of spartira was found over 85 km frcm its nearest
pcint of establishment in the fjcrds of Denmark, strongly
suggzsting bird dispersal (Adserszn 1974), Schlicting
(1960) discussed the role of waterfowl in carrying algae
bztwz2er bodies of water, as did Proctoer (1959). Proctor
found thz Aalgas with simpler «c¢ells were viable 1in the

gastrcintestinal tract, while the complex types were rot.

Tw

M

n

ot

y eight genera of algae were present in one sSpecies.
De Vlaming and Proctor (1968) found several species of
aquatic orvrganisms viaple after passage through Killdeer

(Charadrins vociterus) and Mallards.

—— e e

A cass of short distance dispersal of plant parts
irvolved moss and several bird species associated with beech
forest ir England (Davison 1976). Apparently various sized

s of wmces were dislodged and spread about during

h

pi=c

fcraging by bird species. Davison also suggested that
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zither piz=ces of moss or spores could be carried orn the feet

¢r in the fsathars of biras, e€fficiently spreading the moss

graater distancas.

Pathogerni

1Q
|t
j=
I
o
-
1
wn
D
m
o))
41}

Lmam e —

with *he high ircidence ot seed dispersal by birds, the
possibility of spreading a pathogenic fungqus via seeds scens
gr=a%t, espscially when a areat number of fungi are s=ed-
berr=z. The literature contains many instances of fungi
irhabitirg seeds c¢f mary plarts, perticularly domesticated
rlant spscies. This wculd be =2xpected, as crops and their
welfar= are of great interest to man and are more thoroughly
rasearched, A few cases where seeds of varicus plants have
been fourd to contain pathogenic fungi are presented.

Specizs of Botrytus and Sclerotinia were isolated from
chickpesa s=zeds by Ccther (1977). Both are important
pathogenic gen=2ra. Nik and Parbery (1977) isolated 42
different spaciss of fungi from the seed of 25 lequmes.

Amzson and Stiers (1977) isolated Cephalospcrium gramineum

=)

tified as seed-

-y

from seeds, and Drechslera sprp. were ide

—— e e e o . e —

borne fungi isclated frcm cer2al s<eds in New

U
he]
o
ot
=
o
Ne]
M
o)
[
9]

Zealand by Sheridan (1977).
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Irn studying the ©possibility cf Cylindrocladium

crotalariae being seed-bcrre, Garren et al. (1972) succeeded
in isolating the fungus frcem freshly dug peanuts, (Arachis
hypoygaea L.), but not from peanuts subjected to normal on-
farm processing. This was true ever when peanuts were hand
pickad from 100 percent diseased plants and then processed
for market. This process involves drying in the fisld while
e¢xposed to depredation by birds. Hanlin (1973) reported a

total c¢f 200 species (110 gern=re) of fungli were recovered

from all parts of +the peanut plart, including the seed,

ungi And Other Orgapisms

orly a few kinds of plant pathogens have any
independent movemznt, which in any case is insignificant for
long distance dispersal, Thus, all pathogens depend on
agents other than themselves for dissemination. These
agen+s are wind, water, insects, mar and cther animals
(Agrios 1969:23) . To discuss in detail these aspects is
beyornd thz scope cof this review, A few relevent instanczs of

disp=rsal by factors other than birds will be given.
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wind has played a majecr rcle in the spread of
pathogenic fungi and other orgarisms throughcut the world,
Christensen (1942) explained th2 method by which spores are
carrisd up to several thcusard wiles in the atmosphere.
Factors such as srore size, density, and shape, as well as
wird vzlccity and relative humidity were discussed. Another
reviaw of spore dispersal due to wind and water was givan by
Hirs+t (1959). A few specific <xamples of wind and rain
dispersal 1involved speci=2s of Fusgarium from corr fields
(Ooka and Kommedahl 1977) teing carried 300-400 km trom the
poirnt of inoculum, and the spread of coffee rust uredospores
by wird (Martipez et al. 1977). Levels of rust inoculum in
the atmosphers over Carada have bsen surveyed for several
years by Green (1976), but only cne article of his was
reviewed, With r=gard o the furqus under study,
Cylindrocladium  crotalariae, it  was found that  the
propagules (micrcsclerotia) could be spread a few ka by wind
and mechanical means {({Rowe €+t al. 1974), This was
postulated to be important in local spread of th= disease
caused by the fungus. Krigsvold et al. (1977) fourd viable
spores in soil +aken from equipment used in fi=2lds known to
have the disease caused by C. crotalariae. The tesults of

this type of m=chanical spread were shown irn Fig. 1. Deep
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bark cank2r of walnuts was shewn to be spread by the

mechkanical harvzastat in much the same way (Kado 1977).

Several instances of animals, primarily birds, carrying
fungi have been Adocumzrnted. These involve the piesence of
fungi orly, and do not necessarily imply the sprecad of a
dis2ase caused by those furgi. However, the possibility of
t+heir being disease vectors is obvious.

Besides givirng a general review orn dispersal of fungi
Irgold (1953) mentions the dispersal of freshwater agquatic
tungi by waterfowl. Fxtensiv2 work on birds and their
association with fungi either in feathers, nests, or soil
has been dons by Pugh (1964, 1965a, 1965b, 1966a, 1966b,
1972), arnd Pugh and Evans (1970). Furopean bkirds were
r2qularly shown to carry fungi, some of which were
pathogenic, Tha nests of btirds also contained ca2rtain types
of fungi frequently. Coorey and Emerson (1965) also found
fungi (pecssibly pathoy=sric) irn birds' nests, as did Apinis
and Pugn (1967), who isclated 27 species from plant d=2bris
fourd in the nest itself. Another ressarcher has shown high
levals of occurrence of fungi on feathers and bird nests
also (Hubalek 1972, 1974, 1976). One instance of other

animal irnvolvement with fungi concerned the isclation of
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fungi from th2 nests of 5 Muridae rcdent species in Europe.
Poll=r along with furgal spcres were shcwn to b2 carried by
birds in thz werk dore by Ash et al. (1961)., Several genera
of fnngi, including pathogenic fcrms, were isclated from the
teet of birds by Evans and Prusso (1969), who bkelieved their
results warrantad further studies. Fungi were also isolated
from the throats and feathers of wild Pirnk-Footed Geese
(Anssr trachyrhynchos) sampled 1ir Scotland and Iceland
(Sladsn and Austwick 1955). Seventeen different genera of
fungi asscociated with these geese were datermined to have
beer. picked up in fields by the gecse,

Ar in-depth study into thkes ability of birds to carry
tungi was carried out by Warner ard French (1970). They
arplied spores of 2 fungi to tha plumage of 149 birds of 31
species and rcecovered viable spores 3 to 45 days later.
Th=y also isolatsd fungi of 39 genera, some of which were
pathogenic, from the feathers of 248 birds collected in
parts of Mexico, Texas and Minnesota. Their work also
showad Common Grackles spread 2 diseases of oats from field
plants tc healthy plants under greanhouse conditions. Monga
(1972) isolated szveral genera of pathogenic fungi from 60
of 233 wild birds he collzcted.

BRirds, especially woodp=ckers, were shown tc be

involved in the =2sconomically important spread of chestrnut-
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blight, caused by Erdotrhia parasitica (Heald and S+tudhalter

1914) , 1Iu similar work, Tifteny et al. (1955) attempted to
isolat= tha causal fungus c¢f cak wilt from birds. Although
he failad to isclate that particular fungqgus, he found 41
difforernt genera of fungi associated with birds. Magpies
(Pica pica) wers implicat=d 1irn the spread of a fungus
causing diebhack c¢f citrus tr=zes (Kouyeas and Anastassiadis
1962) . The birds built nests from twigs killed by the
fungus ard thus caused its spread to healthy trees.

Ther= are several cases where birds were suspected of
spreading a disease by carryirng fungi. Lachmurd (1929)
suggast2d that bivrds were involved 1ir the spread of the

sweetferr rust, Migratory birds were ccnsidered to be the

1Al

agent of +transfer of blister-blight of tea from Ceylon to
Sumatra (keitsma and Var Erden 1949). Birds may also be the
dispersal agent of blister-blight of tea in New Guinea (Shaw
1965), Nielsor (1929) suggestad that birds aided irn the

distribution of the pctato wart disease fungus.

Dispersal of Organisms Other thar Fungi

Birds have been showr tc transport or be involved in
the spread cof othzr organisms b=2sides plants and fungi, sone
being of a pathogenic naturs. The spread of plant viruses
by birds has besn shown 1in sevesral instances (Broadbent and

Martiri 1959; Broadbent 1964, 1965).
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Y~asts have been carried ty birds (Kocan and
Hasenclevar 1974), and Tiurnina (1931) suggested that birds
may contribute to the spread of yeasts in French vineyards.

Plant pathogenic bacteria carried by birds were
involved with a coconut bud-rot (Joknston 1912). Babbar et
al. (1976) isolated evian mycorlasma from plants, suggesting
bird involvemsrnt.

0t a non-pathogenic nature but with interest to this
research projz2ct, crustacean ©ggs wers recovered irn a viable
conditiorn from the cloaca of ducks by Proctor (1964). This
and all instances mentioned earlier involving the
gastrointestinal tract of birds raises questions about the
environment encountered by organisms when ingestzd, The

foliowing section deals with this aspect.

Charactaristics of the Bird Digestive Systen

A review of Sturkis (1976) shcws that the ratza of
passage through the diges*ive tract of tirds depends on the
censisterncy, hardness, water content, and the amount of food
consumed. Chromic oxide, an indicator chemical, was
datectsd as =arly as 2.5 hours after feeding, with most of
1t passed within 24 hours in scme species. The hydrogen ion

concarntraticn (or pH) founéd irn the tract is dependent on the
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arount of HCl secreted in the proventriculus, and thz action
of bile and pancreatic juice, which tend to neutralize acid.
Mcst vorkars agree that @ell parts c¢cf the tract are acid,
with the highest pH recorded in the intestines, and the

lowest in zither the gizzard cr the proventriculus., Sturkie

1]

(1976:202) gives values of the avian gas<+rointestinal tract
pH as rarging from 1.0 in the provertriculus to 7.1 in the
lowsr irtestine,. Acccrdirg to Sturkie the pH 1is not
siganifican*ly influenced by diet, but will increase with
high ingestzsd levels c¢f basic salts or milk, Digestive
procasses listed irclude swallowing; maceration; grinding in
the gizzard; subjection to digestive enzymes from saliva,
stomach, intsstines, and pancreas; acticn of bile from the
liver; action of HC1l from the stomach; arnd bacterial action.

A review of Farner and Kirg (1972) yields much the same
information. They state that HCl 1is generally found in
birds, and that pure gastric Jjuice ray have a pH as low as
0.2, Farnzr and Kirng (1972:380) give details of the avian
digestive tract and ths pH of its components. Another
interesting fact mentioned in their work was that the ceca
are emptied no mecre than once in a 24 hour period 1in the
grous¢ and domestic chicken (Gallus domesticus). This

storage function could have implications in long distance

disp=rsal of organisms.
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gal Spere Passage Through Various Organisms

(131
f=4

i

kecczded instances of fungl surviving passags through
the agastrointestinal tract of organisms are few, Heald
(1943) bzlieved that few 1f any propaqules c¢f corn smut
could survive passage through the gastrointestinal tract of
hors=s or cattla. Peplinski (1974) failed to isolata viable

propaqgules of Ceratocystis fagacearum in the frass of 2

spzcies ¢f beetles asscciated with the death of red oaks.

However, spores of +the ©pathcgenic funqgus, Cgolletotrichum
lagenarium, passed througk the gqut of a snail and were
viable for several days, causing anthracnose of melon (Hasan
1976) . Simpilarly, Gilliam (1972) isolated funyi from the

irtestinal contents of wcrker horneybees.



METHCDS AND MATERIALS

Observatior of Peanut Fields

Flzven peanut fields r2ar Smithtield and 9 fields near
Suffolk in southeast2rn Virgiria (Figs. 2 and 3) were
cbserved tor a period of one year, Bird species, number per
speci=s, approximate weathar conditions, time c¢f day, and
field condition wsre recorded fcr each observation period.
Fields werz observed once & mcnth, 2xcept during harvest and
fall migraticn, whsn observatiors were made every 2 weeks,
Fach fi=2ld in ar area was observed for approximately one
Lalf hour, with the aforementioned ccrnditions and parameters
recorded. The following mornirg the other area was observed
in the sams fashion. Por Ltird identificaticn, 7 X 50
binoculars wzras us=d.

The fields in an area were chosen for their relatively
close proximity to ore another. This was dcne to allow for
mcre obsarvation time per fi=ld during +the high usage

periods, i.e. early morring.

emma Samm——a —— s e s e

Banding data on 17 of the bird species observed

utilizinag peanut fields was requested frcm the Patuxent Bird

21
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James River

North Carolina

— — — County Line

A Isle of Wight County
B City of Suffolk

Fig. 3. Locations of study areas in Isle of Wight

County and the City of Suffolk.
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Bandirg Laboratory (United States Fish ard Wildlife Service)
located irn Laursl, Maryland.
Longituds and latitude o¢f the study areas ware

d¢=ternined, and r=cords of thke original banding lccation of

memk2rs of <+he 17 specizs recaptured or reccvered 1in the

n

Ted W

A}

study r¢ extracted. The objective was to determine
the pest migratior or movement patterns of birds cbserved
using p=sanut fields during the study period. For each
sp2ci¢s orn  which data was requested and extracted, points
were plotted orn a map indicating place cf original banding
Or rscapturs,

Thesz 17 spscies were <chosen due to their migratory

habits or the likelihood of their being vectors of CBR.

M2dia Preparaticn

Microsclerotia of Cylindrecladiunm crotalariae were

nezd2d in large quantities for the various experiments
performad, One of +he best methods for acquiring large
amcunts cf microsclerotia 1is to grow them ir a medium that
favors the d=svalcpment of prirarily microsclerotia. The
medium uszd commonly with this fungus for growth of
microsclerntia in purs culture is Hunter's mediur (Hunter

1970) .
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Hunter's HMzdium

Th> constituents (Appendix Table I) were added in the
rroper amount, while =stirring, tc the <correct amount of
distilled watsr in a large flask., The best way to do this
involved making ssveral lit=rs at one time,

The m2dium was then poured intc smaller flasks using a
funnel., The small flasks usad were 250ml Erlenmeyer flasks
with wide mouths (stopper size 8)., Approximately 100ml of
the medium was poured into eaclk 250mi flask.

A plug was made to fit snugly in the neck ¢f each 250ml
flask., Each plug consistzd of a ball of cotton wrapped in a
square of chees=2cloth, The loose ends of cheesecloth pulled
togethar pointed out of the flask. The plug was snug eanough
if the flask could be picked up by the ends of chessecloth
only. A square of heavy duty alumirnum foil was placed over
the +top of each flask. Fach =sealed flask was then
autoclaved at 121C for 15 minutes., After removal from the
autoclave, the flasks were allowed to cool t0o roon
temperature,

Fach flask was thsn inoculated. The incculations were
performséd under a hood using aseptic techniques. The foil
and plug were tremoved from a flask, and a small piesce of

agar containing Cylipdrocladium crotalarias mycelium was

plac=d ir ths flask. Agar chunks were taken frcm cultures

0of C., cretalarias grown in Petri dishes.
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The plug and foil were than replaced in ecach flask as
iroculation was completed under the hocd. All flasks were
datzd ard placed 1ir a dark chamber at room temperaturs for
three morths,. This stcrag=s was undertaken to ensure the
davzlopment of large numbers of mature microsclerotia in

Hunter's m=zdium. A total cf 60 flasks were prepared in this

fashion,
Harvesting microsclerotia frem Hupter's medium. Two 250ml
flasks containing Hurter's mediunm and Cylindrocladium

crotalarias growth were used for =ach experiment requiring

microsclerotia. Both flasks were poured into a Waring
blender and blernded at Ligh speed for a total of
approximately 20 minutes, To prevent heating of the
mixturs, and possible damage tc the microsclerotia, blending
was done for short periods of time tc total 20 minut=s.
After blending, <the mixture wes poured into a 250ml
flask ané ayitated by hand, then left to stand for about one
minute, The flask was then decanted, remcving the upper
halt of the 1liquid, This proc=dure removed the 1lighter
materials, lmavirg the heavier microsclerotia ir the bottom
of the flask. This decanting preocedure was repeated 5 times
by adding additioral water cach time after half the liquid
was dreined., After the last decanting, the flask contained

almost entirely microsclerotia.
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The resultant microsclerctia were then separated by
size by washing ther with a squirt bottle cnto a siesve
combination ¢f 100 m=sh per irch (150um) sieve over a 500
mesh per inch (25um) sieve. This was done to prevent the
use of overly largs, unnatural microsclerotia that commonly
develcp in the Hunter's madium, The microsclerotia
cocllzacted on the 500 mesh sieve were then utilized for the

various experiments,

Detection of Cylindrocladium crotalariae microsclerctia

ir various ma*erials is erhanced by the use o¢f a s=lective
medium. The one us<d throughout this project was called
Sucrose - TBZ (Krigsvold ard Griffir 1975), however, a more
selective medium has since bheer developed, called Sucrose -
QT madium (Griffin 1977).

The procedure for praparirg Sucrose - TBZ (Apperndix
Table II) was mors involved than that for Hunter's m2dium,
as certain chemicals Lkad to be added after autoclaving.
This medium was prepared in 4 liter batches (2 1liters in
cach c¢f two 3 liter flasks). Sucrose, peptcne, potassium
phosphate, magnesium sulfate, and agar w=2r2 added to
distilled water while stirrirg with a magnetic stirrer.
Thess solutions were then autoclaved for approximately 20

minutes, While autoclaving, the proper amounts of
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pentachloronitrobanzers (PCNB), oxgall, streptomycin,
chlortetracycline HCl &arnd thiabendazole (TBZ) were weighed
out. All chemicals were weighed with a triple~-beam balance
Or a Mettlar analytical balance, The TBZ was dissolved in
acetore, and the streptomycinr and chlortetracycline HCl were
dissolvad in sterile watar. The autoclaved solutions were
placsd in a 50-55C water bath to coocl to handling
temperatura. This wusually tcok 20 to 30 minutes. After
sufficiert cooling, the reraining chemicals, which were heat
labile, ware added while stirring. The pH of each flask was
adjusted o pH 4 using HCl.

All plates were poured under & hood wusing sterilized
600ml beakers., The plates usad were disposable plastic,
Plates were left to «ccol overnight, and then placed 1in a
refrigerator urtil used.

Each 4 litar batch yield=d approximately 150 platss of
Sucrose - TBZ madium, arnd resquired 3.5 tc 4 hours of
laboratory time for preparatiorn. Approximately 3000 plates

were made for the various experiments.



Birds Collacted From Peanut Fields

Several bird species were collected by shooting during
the fall and spring. Attemrpts at cannon netting were
unsuccsssful, All bird species shot were previously
observed in a peanut field. Collected birds were placed
individually in plastic bags that were not airtight. The
bags wsre then placed in a styrofoam cooler fcr transport to
the laboratory.

From zach bird, crop contents, fecal material, and soil
scraped from feet were ccllected separately. Fach sample
was then analysed for the presznce of viable microsclerotia
by the following m=thods., Ths sawmple was briefly mixed with
water in a sterils blender top, ther washed onto a sterile
sieve <combination., The *top sieve was of large mesh to
prevant splashing. Th=2 bottem sieve was 500 mesh per inch
(25um) . Each sample was washed with tap water for 5 minutes
before being washed intc a 150ml beaker using sterile water
in a squirt bottle. The vclume was brought to approximately
50ml usirg sterile water. This mixture was agitated with a
magn2tic stirrer while 5 1pl aliquots were drawn off with a
pipe<ts and spread on 5 Sucrose - TBZ plates. The plates

were +hen left tc incupate at rocm temperature.,
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Soil Cocll=cted From a Blackbird FRoos:

A blackbird roost in the vicinity of peanut fields in
southeastern Virginia (Fig. 4) was located with the help of
an emplcyc2 of the Dismal Swamp National Wildlife ERefuge.
On=2 hundred soil samples were taken at randcm from the
roost. Each sample was placed in arn unsealed plastic bag,
which was then placed in & styrofocam cooler. Samples ware
kept 1n a moist ervironm=nt until analysed to prevent dryirg
and possible loss of any microsclarctia present in the
sample, An avarage solil wmoisture was determined by
ovendryirg 20 11g samples taken frem the criginal 100
samples. Drying took place at 105C for 24 hours. Moisture
was determinsd so the proper amount c¢f undrisd soil could be
anralysed tc give the number of colcnies per gram of soil.

The following procedure for analysis of soil is adapted
trom Rrigsvold and Griffin (1975). Samples were not treated
with scdium hypochlorite (NaClO), as this treatment has been
shewn to be detrimental to th2 survival «c¢f micresclerotia
(Griffin 1975, 1977; Krigsvold and Griffim 1975). From each
origiral so0il sample takern from the rocst, an 11g sample was
taken., This 119 samplzs was placed ir a sterile blender top
with water and briefly mixed. This mixture was poured onto
a sterile sieve combinaticn cf a large mesh over 500 mesh.

Each sample was washed for 5 minutes under tap water, then



31

\ 10

460
8
436 TN\
Nansemond
River
58 32
10
460 Dismal
Swamp
—_>
Downtown
Suffolk

Blackbird Roost Site Eg

Fig. 4. Location of blackbird roost site, near
Suffolk, Virginia, used for soil collections.
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washed irto a 150rl beakser with a squirt bottle containing
sterilc water, The volumsz of water and soil was brought to
40ml., The soil was than brought into suspension by the use
of a magnetic stirrer, Orne ml aliqucts were placed or 10
Sucros< - TBZ plates with & pipatte., Each 1ml cf suspension
reprasentzd 0.259 cf soil. All plates were then incubated

at room tzmperature.

Subculture of suspected colonies. After incubation for 5 to

et A e . S amem

14 days, all plates were observed. Colonies of fungi which
might be (Cylindrocladium crotalariae  were transferred
asepticaliy under a hood to anothsr plate ¢f Sucrose - TBZ
to allow for better expression of characteristics under less
comp2titive conditions. Th2se subcultured plates were also
ircubated at croom temperature,

The uns:s of soil containing a known populaticn as a check.

Pearnut scil with a known concentration of microsclerotia per

gram of s0il was used to check the sensitivity of the soil

aralysis procedure used., Twenty 11g samples were analysed

2xactly 1like the blackbird roost so0il samgles, After

incubatior at room temparature fcr 5 days, colonies of
alar

iae present were countad.

Cylindrocladium crotalar

Questionable colories Wwere wet mounted and Observed
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microscopically for presenca of characteristic c.
crotalarias structures.

The observable <colony count was then ccmpared to the
known estimatsed population in the original socil sample.

Tris procedure was done to check the sensitivity of the soil

analysis procedure.

Cylindrocladium croralarige microsclerotia were force

e s i S e 0ot . e

fed to three bird species, Careda Goose, Bobwhite Quail, and

Japanese Quail (Coturnix coturnix Jjaponica), by various

methods to determine whsther microsclerotia could ramain
viable after passage through the gastointestinal tract (GI
+ract). The methods arnd pmaterials varied slightly for the
di fferent species and as techrniques were imprcved., Therefore

the following expertiments are treated separately.

Germiration Trials

Whenever microsclerotia were harvested from pure
culture and used in an e¢xperiment, germinability studies
wera performed. As mertionad in ths harvesting of
microsclerotia section, 2 flasks of pure cultur2 were mixed

for ¢ach =xperiment. Water (1ml) containing harvested
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microsclerotia was pipetted ontc each of 2 Sucrosa - TBZ
plates fcr every 2 flasks mixad. Apprcxirmately 36 hours
atter pipztting onto the plates, each plate was obsesrved
under a microscope at low power (4X). One hundred
microsclerotia were count=ad per plate, differentiating
betwa2en those that germinated and thos2 that failed to
germinate., The pzsrcentage of germinating microsclerotia was

then taken directly fror thke ccunt of each plate,

Test for Effects of Fesd on Microsclerotia

Both water and the feed used for the experiments were
tested for their effects on microsclerotia. A 10 ml
solution of water containing microsclerotia was added to
ecach ¢f 3 screw cap 125ml flacsks., On2 flask ccntained 50ml
cf sterila wat=2r and no fe=d. The secend flask contained
50ml of sterile watsr and 59 co¢f feed. The last flask
contained 50ml of sterile water and 10g of feed. Three 1ml
aliquots w=re drawr off daily frem each flask and plated on
Sucross - TBZ m2dium for incubatior at room temperature.

This was Aone for 6 consecutive days.

Twelve Canada Ge=zse were captured from the Virginia

Polytechnic Institute ard State University pond for use in
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various experimants. They were caught in a small funnel
type nz% (Fig. 5) during the relatively flightless phase of
primary feather replacemsnt. The gees2, as weres all species
of birds used, were fad a starndard raticn (Table 3)

throughout the experimernts.

Fcrc» feeding two lavels of microsclerotia and fecas

collection. Two groups of 6 geess each were forca fed 1ml
at 100 and 300 microsclerotia per ml levals. A 60cm long
fl=sxible but firm clear plastic tube (2mm o0.d.) was fitted
orto the z2nd of a Marostat syringe apparatus. The suction
irtake tube of the Manosta+® syringe was placed in a bz2aker
contairing water and microsclerotia. The teaker also
contaired a magnetic <stirring bkar for susp=nsion of the
microsclerotia.

The 2 levels of microsclerotia were made ir several
steps. Wataer was added to bring harvested micrcsclerotia to
a 100ml volume. The corcentration was then daztermined by
counting microsclerotia per ml in 2 separate milliliters.,
Diluticrns to 100 eand 300 microsclerotia per ml were then
mada and check=d by counting as above, Concentrations were
also check2d using <the actual application rprocedure to

ensure proper levels b2ing delivered to each gocse.
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< Path of driven geese

lecm s+ 1m

Fig. 5. Diagram of net used to catech
Canada Geese during primary
feather development.
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Table 3. Ingredients of rations used to feed
birds of all species on experiment.

Ingredient Pcurds per ton
Grcund yellow corn 880
Stabilized fat 40
Dehulled soybkzan meal 700
Menhaden fish mesal 100
Meat ard bonz m=al 100
Dehydrated alfalfa meal 40
Ground limsstons 90
Deflucriratad phosphate 30
Salt (NacCl) 8
DL - methionine 1
Tracs mireral mix 1
Vitamirn przmix 3 10

Total 2000
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Fcr eaclk goose, the tube attachked to the Manostat was
clzaned and mcistened with water befcre being inserted half
way down the esophagus. One ml of either the 100 or 300
microsclerotia per ml 1level sSclution was given to each
gqoose., The soluticns were beirg stirred with a magnetic
stirrzr while the 1Tml aliquots were drawn off for each
goos=.

All 12 gseese were penned individually 1 day vprior to
and 4 days after being forces fed microsclerotia. Feces were
collectad daily from each goose cn paper placed beneath each
per, The first collection was at the time of force feeding
of the microsclerotia, 1 day after beirg placed in the pens.
Collzctions were made orn cach cof the next 4 days. Pens were
cleaned and disinfected daily to prevent «contamination of
the next days'! ccllectior. The feet of all geese were
washed prior to b2ing placed in a clean pen each day.

Foces wera taken off the «collection pagper for each
goos=2 &nd placed in a sterile jar. Feces collected from all
12 grese ware then taken to the labcocratory and processed to
datermine presenc2 of viable microsclerotia. This procesdure
involvzd materials and methods similar to those used for the
harvestirg of micrcsclerctia, Eech feces sample was briefly
mixed with water in a sterile Waring blerdsr and then placed

or a sterile sieve combinaticr for washing with tap water.
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A large m=2shed sieve was placed over a 500 mesh sieve to
prevent splashing from the bottom <sieve, Each sample was
washed for approximately 5 minutes with tafp watar. The
material remaining ir the sizve after washing was then
washed into a stzrile 150ml beaker with a squirt bottle
corntairing s+terile wat=ar, and brocught to a 50ml volume. The
solution was then agitated using a magnetic stirrer. One nl
was reroved using a soil pipette and placed on a Sucrose -
TBZ plate. This was done 3 times for each collection of
feces, Plates wore then storzd at rocm tempsrature for

incubaticn and subsequsnt observatior.

ncentrated microsclerotia and feces

collacticn. Twelve gz22se were force fed approximately 5000
microsclerotia in 1ml of water. This prccedures was similar
to that used when force fe=ding 2 levels of microsclerotia,
Harvested microscl=srotia w=2re placed in a small volume of
water containing the intake tube of a Manostat syringe. As
each 1l aliquot was delivered to a goose, the
microsclerotia to be force fed tc the next goose were
allowsd to s=ttle nser the <nd of the clear plastic
applicatcr tube. This proczdure allowed for a visual check

on the amount force red tc =ach goose, and the counts done

prior to the actual feeding provided further checks.
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The 12 geese had besn perned separately in sterile
cajes 1 day prior to ana 3 Jays after the abcve force
feeding took place., Fec=s were collectad daily con paper
placed under the cages which were disinfected daily. The
teet o©n all gees= were washed with water as cages were
disinfect=i, The first collection ended prior to force
teeding of the microsclerotia. Three subsequent collections
tcllowed the force feeding at 24 hour intervals, Feces were
analyssd in th2 same manner as thcse in the 2 level force
feeding experiment, exczpt 5 1ml aliquets were plated on

Sucross - TBZ medium instzad of 3.

orce f=2eding of a porous bag containing microsclerotia.

——— ——— —— s S

Fifta2en gecse were force fed a small, tight meshed, porous
bag cortaining approximat=zly 5000 nmicrosclerctia. A bright
r=d synthetic «cloth material was cut dintc 3cm discs.
Microsclerotia were pipetted froem a flask and allowad to
settle in the tip of the pipette. The end of the pipette
vas *hen touchked to the c2nter of the cloth, depositing
approximately 5000 microscl=erotia. The pumber was estimated
by microscopically counting 5 similar depositions on slides.,
With the use of forceps and a hemostat, a piece of surgical
thread was thenr wused to draw the clcth together intc a bag

tizd at cn2 end. The lcose z=nds were *+rimmed with scissors.
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A 30 cm tube (3mm i.d.; 7mn 0.d.) was used to administer the
bags to gzese., A bag was placed in the tip cf the tube
prior to b=2Ing inserted part way down the esophagus of each
gcos=2, By blowing sharply, but briefly, into the outer =nd
of thre tube, the bag was deposited in the goosz upon removal
of the tube, A squirt bcttle containing water assisted in
meistenirng the tube and the swallowing process by the geese.

The ge2s¢ were penned individually over paper after
being fed thz bag contairing micresclerotia., Feces were
then ccllzcted and siezved at the end orf 14 hours and daily
t+hereafter until the bag was fcurnd. The sieve used had mesh
approximately one third the size of the bags, approximately
lom. Running tap water was used for sieving. Upon
recovery, bags wers cut open, if not already opern, and the
ccntarts washed onto a Sucrose - TRZ plate using a squirt
bcttle containing sterile water, Three plates wz2re used per
recovered bag, with <the bag itself placed on the third
plat=a, Plates were then placed at rcom temperature to
incubate for later observatiorn.

To chack the effect of the material on the viability of
microsclerotia, 6 identical bags to thecse fcecrce fed were
placed in an airtight 125ml1 screw cap flask filled with
sterile water, Ore bag was resmoved daily fcr 6 days and

plat:d on 3 plates by washing with a squirt bottle, as were
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the feorce fed and recovered bags. The bag itself was placed
on the third plate with microsclerotia. Plates were left to
incubate at room temperatura.

Feedirq inoculated peaputs and teces c¢ollection. Raw

peanuts were shelled and then placed briefly in warm water
to remove *he skins. The skirned peanuts were then surface
sterilized for 30 seconds in water containing 1 percent
sodium hypochlorite (NaClO). &Rafter rirsing with tap water,
the peanuts ware 1left to dry et rocm temperature,

Approximately 10 peanuts were then placed in a petri dish

with a =small amount of water. Each plate was then
incculated with 3 separate piecces of Cylindrocladium
cretalarize mycelium grewn on Sucrese - TBZ medium. All
transfers were perfcrmed aseptically wunder a hood. The

plates, totalling 50, wer2 then placed in a dark moist
chamba2r at rocm temperature for 3 months to grow
microsclerotia.

At th2 =2nd of 3 months, the pearnuts ware kriefly ground
in a blender ard then mixed 1:1 with gquail feed. This
mixture was given alorng witlk peanut foliage to 6 geese
penned individually. Feces were ccllected cn  paper daily
for 3 days after introducinrg the iroculated feed mixture,

Cages were cleanzd and disirnfected daily at «collection
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times, Thkz fest of geese were washad also at collection
time, Cars was tzkern ir collecticn tc prevent any spilled
fzed from contamirating the sample.

Feces were +*reated as they were in the concentrated
fcrce feeding sxpariment, with 5 plates being used per day

per sampls. Plates were then incubatzd at rocrk temperature.

Japaness  Quail (Coturrix coturnix jagponica) were

acqguired from the Poultry Sciz2nce Department of Virginia
Polytechrnic Institute and State Uriversity. Adults were

us2d ip the experiments.

Forcs feeding concentrated micresclerotia and feces
cellzxcticn. Tw2lve Japanese quail were force fed a
ccncerntratad dose of Cylindrocladium crotalariae

microsclerotia. The birds wer2 caged individually in the
laboratory in «clean cages with feed and water. Force
fecdirg of microsclerotia took place 1 day after the birds
were irdividually penned. Microsclerotia for force feeding

all volume of water in a beaker,

1}
B

were placed in  a
Approximatz2ly 5000 microsclerotia were delivered to each
bird ir  1ml of water., A small syringe with an intubation
re=2dle was used to administer the microsclerctia into the

crop of th= quail.
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Fsces were collzct=2¢ every 24 Lhours for 4 days,
ircluding +he day rrior tc force feeding. Collections were
made on papsr, The quail were moved to clean cages daily,
at which time their fest were washed.

All the fecal samples were briefly mixed with water in
a storile blender top and then washed c¢nto a sterile sieve
combiration., The top sieve was of large mesh to prevent
splashing, *the bcttom sieve was 500 mesh. Each sample was
washed into a 150m]l beaker using a squirt bottle and stzarile
water, The volum= was brought to apprcximately 50ml. The
mixturs was agitated wusing a magnstic stirrer to achieve a
uniform suspensicn, Fiva 1ml aliqucts wz2re drawn off and

platzd or Sucrose - TBZ madium for each saxgle aralysed.

The plates were ircubatad at room temperature.

Eobwhite Quail were raised fror hatching and used in
tnis experiment as adults., The original =29ggs were from the
Iowa Giant strairn. A pcrtable automatic incubator was
obtained from the Poultry Sciarce Department at Virginia
Pclytechnic Irstitute and State University. Adult birds

wera2 2311 f=23d the same standard rTation as the Canada Geese

h

and Japarn:=se Quail.



Forca feading cerncantrated microsclerotia and feces

o —— — —— e —

collaction. Twelve Bobwhite Quail were treated identically

—— e e o

in all respacts tc the Japan2se Quail., All prccedures were

the sam2, as were materials and analyses,

15}



FESULTS

Twenty peanut fields in Virginia, 11 near Smithfield
(Isla of Wigh*t Ccunty) and 9 fields rnear Cyfpress (City of
Suffolk) were chserved for ore full year (May 1977 to April
1978) aftsr preliminary cbsetrvations were made in March and
April of 1977. The results of these observations were
tabulated by month to allcew for better differentiation
betweecn cbservatior pariods. At least 30 bird species were
cbserved using peanut rields at some stage of the year. Of
thes2 species 15 probaply utilize peanuts as a focd source,
bata for zach month included the field conditions and stage
of the pz2anut crop, species of birds chserved that mornth,
and the number per species. Numbers in excess of 20 for any
specles ware estimated to the nearest 10 birds. Daily data
shee*s with numbers per species 1in each field are presented
ir Appendix Tatle TIII, and are summarized in Tables 4 and 5.
Fields in one area wer= observed one morning and the fields

in the other ar=a were cbserved the follcwing mcrring. This

o+
[$))
(]

pat r was maintained for cach trip to th2 study areas.
The 20 fi=lds obszrvzd are briefly desribed in Table 6.

Scientific names fcr birds observed during the year are

46
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Table 6. Brief description of the 20 pezanut fields
obsarved fcr one y=zar, 4,77 to 4,78, in
southeastern Virginia.

Field Size Nearby

Numb~r Area Ac(Ha) Shap=e Land Features

1 Smithrfield 60(24) Square Fields

2 Srithfield 20(8) L Shaped Woods, road, house
3 Smithfield 25(10) Rectangle Fields, hcuse

4 Smithfield 50(20) Rectangle Woods, rcad

5 Smithfield 10 (W) Square Fields, road

6 Smithfield 30(12) Square Wcods, rcad, hous=e
7 Smithfi=1ld 30(12) Rectangle Pond, fields, road
3 Smithfield 10 (4) Squere Pord, woods, field
9 Smithfisld 30(12) Rectangle Pond, woods, field
10 Smithfield 60(24) Square pond, fields, road
1 Srithfield 10(4) Square Pord, wcods, rcad
12 Suffolk 10 (4) L Shkaped Pond, wocds, toad
13 Suffolk 20 (8) Rectangle Woods, field, road
14 Suffolk 5(2) Square woocds, field, house
15 Surfolk 5(2) Square Fields, house

16 Surtfolk 35(14) Rectangle Woods, fields

17 Suffolk 15(6) Square Woods, fields

18 Suffolk 60 (24) Squeare Fields, rocad

19 Suffolk 15 (6) Rectarngle Woods, fields
20 Suffolk 30(12) L Staped Woods, fields
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listsd ir Table 7. In Talbls 7, note that becth the Common

brachyrhynckeos) and the Fish Crew (Corvus

ossifraqus) are listed. ThLis was done as the study area was

withir th=s rangz of both species and

hecause fiesld observations did not permit differentiation

g

betwe2n the 2 species, Therefore the possitility of both
sp2cies being observed in peanut fields exists. It should
bs not2d also +that +the Rock Dove (Columba 1livia) |is
ccermonly referred to as the dormestic pigeon. Table 8
conrntains the general £fi:ld cornditions ard stage of the
peanut crop throughout the observation ©pericd (05/77 to
04,78) .

Birds were observed utilizing peanut fields in various
ways. Nestirng behavior, loafing, incidental peripheral
visits, passage to adjacent areas, anrd feeding activity were
observed, F2zding activity was most common, with peanut
foliage, szad peanuts, drying peanuts, waste peanuts,
insects, and <cov=sr crop acting as attractants to various
species, A portion of the feading activity was dirzcted
towards attractants other thar the peanut crop itself. A
few of thess exceptions were cover crops serving as
attractants to Canada Geesz2, and a worm (fall army worm?)
infestation in August a%“tracting a relatively large rnumber

ct House Sparrows (Appendix Takle IIT, 08,/24,/77). The only
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Table 7. Commen and scientific names ot birds observed
in peanut fislds in scutheastern Virginia, from
5/77 to 4,78.

————— e e —————— — —— —— i o — —— — i — - ——

Cnommon Jdama

- e - W - e W R e S S A ) WS D e E e A NP Em A D R s W En e S YD e

Canada Goose

Pigecn Hawk

Bobwhitse

Killdzer

Upland Sandpipar
Ring-Bill=zd Gull
Rock Dove

Mourning Dove

Commorn Flicker
Red-Bz1lied Woodpscker
Red-Headed Woodpecker
Horned Lerk

Barn Swallow

Purple Martin

Blue Jay

Commor Cicw

Fish Crow
Mockinagbiri

Brown Thrasher

Robin

Fastarrn Bluebird
Stariing

House Sparrtow
Fasterrn Meadowlark
Red-winged Blackbird
Ccemmon Grackle
Brown-Headsd Cowbird
Cardiral

Irdigo Bunting
Savannah Sparrow

R e L T R N e

Branta canademnsis
Falco columbarius
Coclinus virginianus
Charadrius vociferus
Bartramia longicauda
Larus delawarensis
Columka livia

Zenaida macroura
Cclaptes auratus
Centurus carolinus

Me lanerpes erythrocephalus
Eremophila alpestris
Hirundo rustica

Progne sultis
Cyanocitta cristata
Corvus brachyrhynches
Corvus ossifragus
Mimus polyglottcs
Toxcstcoma rufunm

Turdus migratocrius
Sialia sialis

Sturnus vulgaris
Passer demesticus
Sturnella magna
Agelaius phoeniceus
Quiscalus quiscula
Mclothrus ater
Richmondera cardinalis
Passerina cyanea
Passerculus sandwichensis

- - T AP =L D e e e D s s W e
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Table 8. Approximate stagus of cultivation and pearut grcecwth
in fields throughout the y=ar (4/77 to 4,/78), in
southeast Virginia.

dJure

July

Augus<t
Septerber (late)
October (=arly)

October (late)

Novembker

December to
February

March (late)

Unbtrokern, with/withcut ccver crop

Plarnted to peanuts, plants breaking
sur face

Small plants, soil still exposed
Largar plants, soil still exposed
Soil covered by maturing plants
Start of digging, plants drying
Fields undug, drying, or harvested

Almcst all harvested, some still
drying, cover crcp growing

Cover crcp or bare soil

Mature covar crcp or bare (most
have a covar crop)

Most fields broken, some rlanted
te corn

Most fields planted to corn
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sighting of Canada Geese actually in a study field
occurrz=d in early October, howaver, other peanut fields in
the ar2a contained many Geese feeding on cover creps. Ring-
Bill=d Gulls were observed fesding in freshly plowed fields,
probably on grubs or earthworms. The Purple Martin observed
on 04,/22/78 was subszquantly stooped upon and killed in

ficld 9 by a Pigeon Hawk (Appendix Table III, 04/22/78).

The records of 17 out of +the 30 species observed
utilizing peanut fields were requested from the bird banding
laboratory, App=ndix Table IV contains the spacies
requested ard the rumber of records received for analysis.
The number of records fcund ot tirds that were barnded south
0f the study ar=2a and latar reccversd in the study area are
also listed in Appendix Table IV, Appendix Table V contains
the coordinatss of the records plotted in Fiqures 6 and 7.
Thzse fiqures give the number banded per location of the 6
species later recovered in the study area, along with

possible movement pattarns to the study area.
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Fig. 6. Original banding sites (South of latitude 36N)
of Canada Geese that were subsequently recovered
in the study area outlined. Numbers indicate the
number of Canada Geese from that site.
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Fig. 7. Original banding sites (South of latitude 36N)

of five species of birds

that were subsequently

recovered in the study area outlined. Numbers
in excess of one record per species are indicated.
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Fall 1%77. A total cf 20 birds of 6 species were shot over
peanut fizlds during the fall of 1977. Three Mourrning
Doves, 2 Brown-Headed Cowbirds, 5 Starlings, 2 bock Dovas,
ons Commen Gracklz, and 7 Red-Winged Blackbirds were the
birds taken. Three hundred Sucrose - TBZ plates were used
tc analys2 the crop centsents, fecal material, and soil from
feet for the pr2ssnce of viable microsclerotia. Plates were
cbserved beginning at dey 5 tor 9 days. No colonies of
Cylindrocladium crotalariae were found on any of the 300

AR e A e e S masma—-

plates.

Spring 1978. A total of 41 birds cf 2 species (one Mourning
Dove ard 40 Rock Dcves) wer: chot over peanut fields during
the spring of 1678, Collections were made during the
plcwing and plantirng period. In all, 615 Sucrose - TBZ
plat2s wer=2 us=sd to determine the ©prasence or absence of
viabkle microsclerotia irn the <crop contents, fecal material,
and soil taken from f2et. Plates were obsz2rved beginning at

day 5 for 9 days, No colonies of Cylindrocladium

crotalarias wer= rfound in any cf the 615 plates.

—_— T i . =
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Blackbird Roost Soil

Ornz thousand plates ccntaining soil sanmples taken from
a blackbird roost wzre observed tcr the pressnce of
Cylindrocladiumr crotalaries colories., A total of 70

uridentified colonies were taken frcm the 1000 plates and
subcultured back onto tresh Sucrose - TBZ plates. These 70
colonies were obssrved for 2 weeks begianning at day 3 of
incubaticn,. Nore o©f the 70 colonies proved to be C,

crotalariaz.,

A peanut field =soil knowr to contain afprproximately 26
microsclerotia per quarter gram (104 per gram) was used to
detsrmine the sensitivity of the soil analysis procedure.
This population was determined by using Sucrose - QT medium.
Twenty samples at 119 each wsre treated identically to the
blackbird rcost soil, and plated on 200 Sucrose - TBZ
platas, This proc<dure indicated approximately 18
microsclerotia per quartsr gram (72 per gram) of scil,
compared to th=2 known populatior of approximately 26 (104
per gram). These fiqures correspond well with those found
by Griffin (1977) 4in comparing Sucrose - TBZ and Sucrose -

0T m=zdia without NaClO treatment.
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Dus to th=2 low numbz=t of Sucrc¢se - QT plates usad in
d2termining the populatior of microsclerotia contained in
ths scil, th2 me2ans of the 2 rm2thods above proved to be not
sigrificantly different (p>0.2).

The reason for using the Sucrose - TBZ without the
NaClO treatment, which pzrmits greater interference on the
plates, was to avoid killirg c¢f any microsclerotia that may
have besen presant. The benefits derived from NacClo
trzatment did not offset the potential loss of
microsclerotia, as few if arny were expected to be present

be fors treatment.

Survival of Microsclerotia in the
Gastrointestinal Tract of Birds

A total of 20 tests were rtun on the germinability of
microsclerotia used in ths experimerts, An overall average
was calculatzd from the 40 plates tested, each having 100
microsclerotia counted., The average cverall was
approximately 94 percent of the ricrosclerotia obsaerved
having germinate2d at the end of 36 hours. The range of

germiration rates was 90 tc 99 percert,
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Effscts of Feed and e ch Microsclerotia

bt
I

Two levels of fzed mixed with water and water only were
testad to determire if any reductior in germinability could
be attributed tc¢ the feed or weter. The germinability of
the microsclerotia usad for the tests was approximately 92
percent, After 6 days, *he germinability of microsclerotia
trom the water test was difficult to determine exactly, as
microsclerotia had started to germinrate in the water prior
to platirng on Sucrose - TBZ medium. The percent germinated
was approximately 88 percent. No significart difference was
found betw=2en thess 2 rates using A Chi-Square test (P>.05).
The germinability cf nmicrosclarotia takan from the fead
tests was difficult to gquarntify due to the 1large amount of
extrancous material present. However, colonies of

P X T PP T

to day 6.

Carnada G:ese

Force feeding of two lev=ls c¢f ricresclerotia. A total of

— e = ——

12 Carada Geese wzare force fed 2 levels of microsclerotia.
S5ix geese were fod 100 microsclerotia per 1ml of water, and
6 werTe given 300 micresclzrotie per 1ml ¢f water. PFecal
samples taken over «each of 5 days were analysed on a total

of 180 Sucrose - TBZ plates. Ncre f the 180 plates
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cortairzsg observabls cclonies of Cylindrocladium

crotalariac.

ding of concentratzd microsclerotia. A total of 12

g2}
1o
i
10
o
([
1]
'([l

Canada Geese were force fed a concentrated 1leva2l (5000) of
microsclerotia, Feces <collected over each of 5 days were
processa2d and analysed using 240 Sucrose - TBZ plates. No

visible colonies c¢f Cylindrocladium crotalariae were found

on the plates after incubation.

Force feeding of micresclarotia in porcus bags. Fifteen

geese were each forcs fzd a small perous bag containing
approximately 5000 microsclerotia., Thirteen bags were
recoverad by sieving Iecss collected, 2 were not recovered
withir 4 days. Of the 13, 3 were recovered after 14 hours,
7 were tvecovered after 38 hours, 2 more after 62 hours, and
1 was recoverad 86 hours after force feeding., The 3 bags
rececveraed after 14 hours were vrelatively irtact and still
containa2d microsclerotia. The other 10 bags wers damaged to
varying extents and contaired few or nc microsclerctia. All
bags ard their contents w=re plated on Sucrose - TBZ medium.

Two of the 3 bkags collected at 14 hcurs contained
viable microsclerotia that grew when plated. None of the

other hbags collected showed any growth of Cylindrocladium
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crotalarias., The 2 bags <ccrntaining viable micresclerotia
ccntaired only 2 and 3 out of approximately 5000,

subcultur=2d on Acid

I
10

respactively. The 5 coionies wer

(

Potato Dextross Agar (APDA) tc promcte conidial growth for
microscopic cornfirmation. In total, S out of approximately
15,000 microsclarotia from the 3 bags collected at 14 hours
proved to be viable after passage through the
gastrointestinal tract c¢f Canada Geesc.

The test orn the bag material showed no observable
effect on tha viability of pnicrosclerotia, as the
germirability of thke  microsclerotia was similar to that of
the microsclerotia taker from the 6th day of the water test

d2scribed abovea.

Fesding of CBR infected peanuts. Ninety plates of Sucrose -

I+

| [

TBZ medium were used to check for the presence of viable
micresclerotia containzd in feces collected over 3 days from

6 Canada Geesz which were fod infected peanuts. None of the

plates «ccntain=2d observable colonies of Cylindrocladium

crotalariac after incubaticn and observation for 2 weeks.

Twelve Japancsse Quail were each force fed approximately
5000 micrcsclerotia. Feces ccllected over four days from

the 12 birds were plated on 240 Sucrose - TBZ plates. After
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incubaticen and observaticn tfor 2 weeks, nc cbservable
cclonies of Cylindrocladium crotalariag could be found or
any of th=> 240 plates,.
Bobwhite Quail

Feces collected for 4 days from 12 Bobwhite Quail were
analysed and plated or 240 Sucrose - TBZ plates. Each bird
had been force fed approximatzly 5000 microsclerotia at the

time of the first f=ces collection. None of tha 240 plates

show=2d growth of Cylindrocladium cretalariae after

incubation for a total of 2 weeks. The plates had been

observed from day 5 to 14,



DISCUSSION

Some¢ trends are =vidert in the use of peanut fields by
birds throughout the year. Certein periods cf the year had
rzlatively littls use. The mornths of July, August, and
Sept=mbar in both areas had few speciess and few birds per
sp2ciegs utilizing the fizlds., This was not unexpectsd, as
fields hold no real attracticn for the species of birds
pres=nt in the ar=a at that time, The worm infestatior in
August probably =attracted the Starlings and Hcuse Sparrows
to the fi=1ld near Cypress. Except for the large numbers of
Rock Dovees in thz Smithfield area, relatively few birds of
any speci=s were se2en 1in the fields durirng May and June.
However, a muchk larger diversity of species existed at this
time., This corresponds to the active mating period and
rearirg of young for many species cf birds. Many of the
birds werc observed gathering insects and seeds at the edges
of fields. Territorial <constraints probakly limited the
numbars ¢f individuals from each species wusing the areas
during the breeding season.

Thers was AL apparent buildup of bird numbers, starting
with *he month of October and 1lasting through the winter
mcnthe, The larqgs numbers were due mainly tc the blackbird
speciss (Ped-Wwinged Blackbirds, Common Grackles, and

Starlings).

63
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March and April app=ared tc be transiticn months, as
there were fewer numbars, but an increase in
diversification, In April the largest number of species
(18) was obssrvsed. During this time the northerrn migration
cf birds would be expected to be in progress for some
species, such as the Canada Goose, Mourning Dove, and Robin.
Thkis psriod also corrasponds to 1low levels of inoculum in
the fields, reducing the possibility of birds picking up
microsclerotia on their migration northward,

Individually, Crows were observed more often in the two
arzas combined than any other, being seen in 21 cf the 26
observation periods. Sevszral cther species (Mcurning Dove,
Starling, and Eastern Meadcwlatrk) were seen over half of the
observation pericds. Th=2 Upland Sandpipar, Canada Goose,
Red-Headed Woodpecker, Horned Lark, Purple Martin, Brown
Thrasher, Eastern Bluebird, Indigo Bunting, and the Savannah
Sparcow were only sighted in a study field «c¢n one occasion
cach.

Th=>r2 were also a fzw notable differences between the
study areas concerning species. Canada Geese ware seern in
abundarce ir fi=2lds other <thar the study fields near
Smithfield, whils none w&as seer ir fields near Suffolk.
This prcbably was due tc the close proximity of the

Smitnfi=2ld ar=za to the James River. FRock Dcves were alsc
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more abhundant 1in the Smithfiecld area, probably due to the
proximity to the town cf Smithtield and the 1liberty ships
mcor=d ir the Jamss River. Killdeer were sighted twice as
often in Suffolk as in Smithfield, though no significance is
attached to this, Other species were commonly seen in both
aresas.

Taking everythirg intc account, the use of fields was
relatively similar, with 21 species being cbserved near
Smithfi=2id, and 25 species in the City of Suffolk. With the
zxception of limitad use by Carada Geese and Rock Doves the

use by birds of the study aireas was probably representative

M

cf bird us= of pearut fields in Virginia.

BRased on the aralysis of bird banding data, sesveral of
the bird species observed utilizirg peanut fields have
r=cords of travel b2tween the peanu+t greowing area in
Virginia and peanut grewing areas further scuth along the
Atlantic coast and could conc=2ivably Le vectors of CBR.
However, banding sou*h c¢f the study area and recovery in the
study area is not nec=ssarily indicative of direct travel
betwz2ern thase points as ccnsiderable time may have =2lapsed
between banding and recovery and birds may have migrat=ad by
routes other than the most direct. Canada Ge=se appear to
have the greatest potential as vectors. The large number of

banding records is probably due to the status of the species
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as a gam2 bird. As mrentioned earlier, many of the species
were rot actually utilizing the peanut crop, but were in the
fields for oth=r —reasons. That dces not preclude thkose
species as possible vectors, hewever, as soil could still be
pick2d up on the fset, cr micresclerctia could become lodged
in ths feathers. Amcunts of soil takern frcm the feet of

izds collect2d in the field were small. The scil itself in
most cases was relatively dry, possibly resulting in the
dasiccation of any propagules present 1in the soil. Plumage
of birds collected in peanut fields was not analysed for
microsclerotia durirg this project, as it was hypothesised
that viable microsclerotia wer2 mcre likely to be found in
the materials analysed (soil from feet, crop contents, and
fecal mat=2rial) and tinme and materials necessary for
aralysis w=2re 1limited. Since nc microsclzarotia were found
ir. the materials testad, further research invclving possible
CBR transport by birds, if deemed necessary, shculd include
the aralysis of plumage from all birds collected, and an
increase in the number ct birds and bird species collectzd.
An =zffort to identify fields with a high inoculum level
during periods of heavy bird wuse, with intensive bird
collasctions carried on at +those times and plac2s would be

helpful in determinring if birds indeed do carry this fungus.
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Pazsults trom the pressnt rprcject indicate that birds
are not CBR vectors, Birds collected did not yield viable
microsclerctia from crop conten+*s, feces, cr soil on their
fect, 1s0, almost all microsclerotia fed as a contaminant
of faed did not survive passaqge through the gastroirtestinal
tract, Such negative results canrot Dbe absolutely
conclusiva, Theres may only b2 & few instancss of birds
dispersing the funqgus in naturs, ard the chancas of
collactirg ons of thcse birds is small. Howavar, it would
only take one or a few such 1instances for the disease to
bocome established in an ar<a, from whkich it cculd spread to
nzarby tields by krown methods (Rowe ot al. 1974; Krigsvold
¢t al. 1977).

The status of CBR in th2 fields from which birds were
coll=c+taed was not knecwr. However, some of the fields were
suspzacted of containing low levels of CBR (Perscnal
ccmmunications from farmers).

Although nc culturss of Cyiirdrocladium crotalariae

wers found in the blackbird roost s0il analyses, the
pctential for incculatior of s0il appears great. Many
blackbirds die each winter ir roosts, which would allow
prcpagules on the feet or feoathers to reach the soil.
Infectzd pszanuts not totally digested by birds cculd collect

on the surface below the roost, increasinqg the chance of
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so0il inoculation, This last wm2thod of possible inoculation
was Tested., Howevar, a TOCst carn contain sevzral thousand
*imes the number of birds (therefore ircreasing chance of
spread) that were laboratory tecsted.

A possible 2xperiment fcr future research would involve
a fi=2ld known to contain CBR, a 1large net, and a captive
tlock of birds. After the net was placed in the field,
hirds could be introduced inside of thz net and 1left for a
pericd of tinme, Subsequent aralysis of feet (so0il),
feathers, and 1ingesta after removal of the birds from the
net and for several days thereafter may reveal viable
microsclerotia had been picked up by the birds. This
cxperimert would give more cocnclusive results, even if no
picrosclerotia were fourd in a viable condition.

Th2 yuestion arises as to whethsr or not thes class Aves
could be significant in the spread c¢f CBR even if they were
shown +o carty the furngus from field %o field. Other means
of dispersal such as wind, may actually be mcre important.
Gran+ted, uwicrosclszrotia are large and heavy sStructures as
far as most spores are concerned. Christensen (1942),
however, men<ions soma spores that are just as large as
microsclerotia teing +transported wmany miles wvia wind.
Cenceivably, small microsclzrotia could become airborne

during harvest operations and bes blown further than has been
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rzported by Rcwe et al. (1974) . The period of harvest
ccincides with high levels of microsclerotia, and high bird
use ot fiz=lds,

Fcr future work with this fungus, the use of Sucrose -
OT mediur (Griffin 1977) is strongly recommendad. There is
a substantial besrnefit derived by the use of this selective
m=dium, 2s colony recognition 1is easier, and interference
from othsr organisms is negligible. This medium was not
used after it was developed due to difficulty in obtaining
chemicals, cost, and analysis procedures had already begun
usirg Sucrose - TBZ medium. The use of Sucrcse - QT also
allows the avoidance of NaClO treatment and possibls loss of

viable microsclerctia c¢f Cylindrocladium creoctalaria. As

menticneé earlier in the methods section, NaClO was rnot
used, evan with the Sucrose - TBZ medium, because the
potential loss of microsclerotia was thought tc be a gr=ater
risk thar interference by other organisms,

The test to datermire the sensitivity of the soil
analysis procsdure yieldad expected results, As the known
population was detsrmined by a better method (Sucross - QT),
the lower numbers found by Sucrose - TBZ medium were not
suprising. This small test emphasized the greater
selectivizty and pctential for future use of Sucrose = QT

medium,
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The first tsst rur or captive birds by fcrce feeding
microsclsrotia was structursd tc mimic naturally occurring

1

B

v

1]

ls of C. crotalariae. Fither 100 cr 300 microsclerotia
were givenr to 2ach Canada Goose, ard levels of
microsclerotia per gram of soil car fall into that rarnge.
Numbers ot microsclerotia orn plant parts can be higher.
With the failure tc isclate viahble microsclerotia 1in feces
at levels of 100 and 300, conczntrated levels vwere usad to
increase the probability of determining whether or not
ricrosclerotia could saurvive passage of the gastrointestinal
tract (G1 tract).

Approximately 5000 microsclerotia were used in
subsequert experiments, with the same results. Not until
the force feeding of a porous bag ccntaining microsclerctia
were therz wviable microsclerotia isclated from feces after
passage, This wethod was employed to ernsure the finding of
microsclerotia, sc they cculd be plated. Previous methods
did not guarantee g=2tting microsclerotia onto the medium.
This method was only used or Canada Gz2ese, due to the
problem of size of <the porcus bags. The use of 5000
microsclerotia for force feesdirg was probably a higher level
ingested than any encocuntered by birds irn the field, but
this high level emplcyed was used to increase the odds of

platirg a viable propaqule,.
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The fact that only 5 micresclerotia wers found to
survive passage through thsz GI tract is nct suprising in
view ¢f the =environment encounter=d. A very 1low pH,
araerchbic conditicns, physical grinding in the gizzard, and

=nzymatic activity may Le, and in all probability are

jol]

etrimental to the viability cf microsclsrotia. The bag may
have provided some protection tc thoss microsclercotia which
survived., However, the fact that 5 did survive does show
that it may be possiblz for Carada Ge=se, and cther species,
tc carry amicrosclerotia and depcsi+ them elsewhere in a
viable conditicn, The survivel rate of wmicrosclerotia may
actually b2 greater (or less) in the wild, as birds would be
op a diffzrent diet than +that fed during the experimerts.
Th2 chanczs c¢f a bird ingesting 5000 microsclerotia at any
ons *“ime ar2 probably remcte. This fact alone would lead
cne to speculat=2 on whether or ro*t the odds of birds
spreading CBR via feces was very highk. Those microsclerotia
which survived passed thrcugh the GI tract in 14 hours or
less, Thkz rapid rate of transport of foodstuffs through the
avian GI tract probably limits the risk cf spread of disease
entities by this ronte, Normal passage of a meal is
completed in less than 24 hLours. Material such as grits are
retairod longer in the gizzard which would tend to delay

suck matarials as thas porous bag used in feeding



microsclecotia, Grit is actively picked up by birds in
ratur<, and may bs a wmettcd of picking up wmicrosclerotia.
Thos> bags that tock longer than 14 hcurs for passage failed
to yield viable microsclerotia. This may be due to the bags
bzing damaged (possibly by gizzard actior) in frassage. This
fact again minimizes the risk for long distancs dispersal or
transport c¢f materials +taking longer than 14 hours to pass
through the GI tract.

Sevesral spacies of birds were observed utilizing peanut
fields at some time of the vyear. Of these, several are
krewn to migrate through the peanut growing region of the
southeast United States, including Virginia. Based on the
bandirg data analysed, it appears that a small proportion
are recaptured or recoverzd in the peanut growing region of
Virginia., When these facts are coupled with the laboratory

results of failure tc isolate the fungus from birds
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coll=ct2ad both fall and spring, failure tc isolate the
fungus from roost soil, and failure to isclate the fungus
after passage thrcugh ths GI tract of birds (except in 2
cases whers the microscl=zrotia were enclosed ir a porous
bag), there seeams little reason to implicate birds in the
spread of CBR.

Should it b= deemed appropriate to corntrol bird use of

peanut fi~lds some rs=duction ougqht to be effected by a
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better harvesting procedure that would lmave fewer pearnuts
as was*te, Turning undar waste peanuts would also reduce the
attractiveness of fields to birds. These procedures would

further minimize the possibility of tirds spreading CBR.



SUMMAEY AND CONCLUSIONS

A total of 30 bird species was observed utilizing
peanut fi=lds in southeasterr Virginia over a one year
period. Activities 1imncluded feedirg, 1loafing, nesting
behavicr, peripheral visits, and passage to adjacent ar=zas.

Secventeen of the 30 species were deemed sufficierntly
i mportant to request bird banding data from the Fish and
Wildlife Service. Six of the 17 spscies on which data were
requested had been rtecovaered in the study area after being
band2d further south, irdicating northward movement by the
spacies, though this was not necessarily directly between
peanut growing regions.

Individuals of six specias were shot and collected
(becth fall and spring) frem +he peanut fields under study

and analysed for Cylindrocladium c¢rotalarias. The fungus

was not isolatz2d from crop contents, fecal material, or the
scil taken from the f=2s2t of the birds,

Scil from a blackbird rocst located in the peanut
growinrqg ragion of Virginia was aralysed for CBR, with none
of the furgus being isolated.

Canada Geese were force fed m@micrcsclerotia of

Cylindrocladium crctalariae at rates cf 100, 300, or 5000 in

several differ=2nt vays. Only 1in two of 15 geese fed

74



75

microscl=rotia 1in perous bags w2re viable microsclerctia
found to survive passaye through the gastrointestinal tract.
Ir =each case 2 of 5000 microsclerotia, and 3 of 5000
microsclerotia, respectively survived passage through the GI
tract and that only within 14 hours cf feeding.

Japanese Quail were force fed micrcsclerotia at a
concentratad level (5000), with 1no positive 1isolations of

Cylindrocladium crotalariae being made frce the fecal

material collected after force feedirg.

No positiva cultures of the fungus were found in the
teces after Bobwhite Quail had been fcrce fed 5000
microsclerotia ir a maarer similar to the Japanese Quail.

Bas=d on the failure tc isolate Cylindrocladium

crotalaria=z from the <crop contents, soil from feet, and

fecal material of birds collected from the field, and the
failure to isolates the furngus frcm either blackbird roost
s0il or feces of birds forcz fed microsclerotia (except in 2
cases where +the microsclzrotia were enclosed 1in a porous
baqg), there seems little reason to implicate birds in the

spread of CBR.
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Appendix Table I. Procedure for making Hunter's medium
(Hunter 1970).

1. K HPO 1g
2 -
2. Mgso x 7H O 0.5qg
Y 2
3. KC1 0.5g

Stock Micronutrients

O.44g Fe (SO ) x 9H © 0.1mg F2+3 per ml

2 4 3 2
0.15g ¥n50 x H O = 0.5mng Mn+2 per ml
4 2
0.88g9 Zn50 x 7H O = 0.2mg Znt*2 per ml
4 2

Add above 3 chemicals to 990ml of distilled water, and
add 10ml conc=antrated HCl tc prevent Pe precipitation.

Tc replace 1ml of stock micronutriert, add per liter:

Mnt+2 0.05ng
Znt2 0.2mg
Fet+3 0.1mg
4. D=2xtros= 100g
5. Casein Hydrolysate 0.05g

Procszdure

— e e i i A A i s

Take 1., 2., arrd 3. above and add to 1 liter distilled H 0.,
Take 1ml of stock micronutrient and add per liter, 2
Adjust pH to 6.5 with 1 N KOH.

Add 4., ard 5.

Pour apprcximat=2ly 100ml intc small flasks.

Autoclave for 15 minutes.

- - - —— = - P h W P W R R W ME e W e G WP R D S A S S T M W e e W D Wb s WS W R WD AN T R Wb 4D W W e e e



86

Appendix Table II. Procedure tor making Sucrcse - TBZ plates
(Krigsvcld and Griffin 1975).

1. Sucros= 10qg
2. Peptone 15g
3. KH PO 19
2 4
L, mgso x 7TH O 0.5g
. 2
5. Agar 20g
6. Streptomycin, in 14ml sterila H O 0.210g
2
7. Chlortstracycline HC1l, in 14ml sterile H O 0.210g
2
8. Pantachloronitrobenzene (PCNB) 0.1q
9, Oxgall 2g
10. Thiatendazole (TBZ), in 14ml Acetone 0.017g

Procedure:

add 1. through 5. above pzr liter of water tc large flasks,
Autoclave 20 minuta2s, cool to handlirg in water bath.

Add 4ml from solutions 6, and 7. for each liter of medium.
Add 8. and 9. per liter of mediur to be made.

Add 3ml of 10, for each liter.

Adjust tc pH 4 with 10 N HC1l.

Pour plates under hood.

Cool plates, store in refrigeratcr.,

e e A e D R P YR G YR A e D S wn W A S GE D G AR S S W W W WA M S R ML AP Wk D AR AR WD W WS A G W e W e
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Appendix Table IV. List of bird species whose banding
records were studied, total number of
records reviewed, and the number of
birds recaptured cr recovered within
the boundaries of the study area that
were originally banded to the socuth of
the study area.

Total recoveries Records where original

and recaptures banding site was
in study area south of study area
Canada Goose 936 97
Killdzer 1 0
Ring-RBilled Gull 202 0
Mourning Dove 2113 9
Hcrn2d Lark 0 0
Blue Jay 246 2
Commnn Crow 4 0
Fish Crow 2 0
Robin 81 3
Starling 186 1
Eeastern Meadowlark 1 0
ked-Winged Blackbird 67 0
Common Grackle 368 0
Brown-Head=d Cowbird 155 1
Cardiral 460 0
Indigo Buzating 9 0
Savannah Sparrow 2 0



Appendix Table V., List of original banding sites of six
bird species subsequently reccvered
within the study area boundary (36.0
to 39.0 North and 76.0 to 79.0 West).,

R e I R e i e i R . e L L T

Original banding sitel

Spacies Latitude longitude Number
Blue Jay 34.0 79.4 1
34.2 82.2 1
Robir 25.5 81,0 1
27.3 80.2 2
Brown-Headed 32.2 86,2 1
Cowbird
Starling 32.4 85.2 1
Mourning 31.5 85.0 1
Dove 32.5 80.0 1
33.3 80.2 1
34.3 79.5 1
35.0 80 .0 1
35.4 76.3 1
35.4 78.3 2
35.5 77.0 1



Tabls V. (continued)

Original banding sitel

Spacizs Latitude Lorgitude Number

Canada Goose 26.3 80,2 3
28.4 82.3 5
30.0 84,1 6
30.0 84,2 1
30.2 84,1 7
30.3 84,1 4
33.3 79.0 1
33.3 80,2 16
34,3 86.5 14
35.0 80,0 2
35,2 76.0 3
35.2 76.1 9
35.2 84.5 5
35.3 76.0 1
35.4 75.3 8
35.4 76.3 5
35.4 84,2 1
35.5 87.5 6

! Confined tc banding sites Scuth of the study area.
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THE ROLE OF BIRDS IN SPREADING THE

CYLINDROCLADIUX BLACK ROT OF PEANUTS

by

Richard Berton Hiller

(ABSTRACT)

Bird utilization of +twenty fields was observed at
mcnthly intervals for ore year, from May 1977 to April 1978.
The 20 fields were located‘ in 2 areas of southeastern
Virgiria, A total of 30 bird species were cbserved nsing
the ficlds. The migratory and movement patterns of some of
the species were determined from bird banding data. A small
proporticn of 6 species ra2covered in the study area were
origirally banded to the south of the study area. Fecal
material, soil from feet and crop contents were taken from
several bird species collected in the field and analysed for

Cylindrocladium crotalariae. Soil samples frcm a blackbird

roost in the area were also analysed for C. crotalariae.

None of the samples taken showed presence c¢f the fungus.,
Microsclerotia of the fungus were force fed by different
me<thods to 3 species of captive birds (Canada Geese,

Jepanese Quail, Bobwhite Quail) to determine viability after



passage through the gastrointestiral tract. No viable
microsclerotia were d2tected in fecal material taken from
birds force fed loose microsclerotia. A very small number
(2 total of 5 of 10,000 microsclerotia from 2 geese) proved
to be viable after passage through Canadian Geese after

being force fed microsclerotia in porcus bags.
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