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ith

 en
v

iro
n

m
en

tal stresses.

M
a

teria
ls a

n
d

 M
eth

o
d

s:
A

n
im

als are rep
elled

 fro
m

 eatin
g

 so
m

e p
lan

t sp
ecies.  E

x
tracts rep

ellen
t to

 an
im

als
h

av
e b

een
 iso

lated
 fro

m
 d

affo
d

ils, iris, catn
ip

, p
ep

p
erm

in
t, sp

earm
in

t an
d

 p
ep

p
er. T

h
ese

ex
tracts w

ere fo
rm

u
lated

 alo
n

e o
r in

 co
m

b
in

atio
n

 w
ith

 o
th

er ex
tracts fo

r testin
g

.  T
h

e
ad

d
itio

n
 o

f su
rfactan

ts, ad
d

itiv
es an

d
 em

u
lsifiers to

 th
e fo

rm
u

latio
n

s h
av

e en
h

an
ced

 th
e

stab
ility

 o
f th

e ex
tracts an

d
 th

eir ease o
f ap

p
licatio

n
.

F
ield

 assay
s w

ere co
n

d
u

cted
 in

 selected
 n

atu
ral en

v
iro

n
m

en
ts in

clu
d

in
g

 n
o

rth
w

estern
M

ich
ig

an
 o

rch
ard

s, A
lp

en
a C

o
u

n
ty

 in
 th

e tu
b

ercu
lo

sis q
u

aran
tin

e area an
d

 at B
ald

w
in

,
w

h
ere a v

arian
ce w

as o
b

tain
ed

 fro
m

 th
e M

ich
ig

an
 D

ep
artm

en
t o

f N
atu

ral R
eso

u
rces to

o
p

erate an
 au

to
m

atic feed
er. T

h
ese areas attracted

 m
an

y
 w

ild
 an

im
al sp

ecies in
clu

d
in

g
d

eer, w
ild

 tu
rk

ey
s, racco

o
n

s, b
lu

e jay
s an

d
 sq

u
irrels.

A
t B

ald
w

in
, rep

ellen
t treatm

en
ts w

ere ap
p

lied
 to

 co
rn

 seed
s.  S

ev
en

 to
 1

0
 treatm

en
ts o

f
1

0
 seed

s each
 w

ere p
laced

 o
n

 p
lastic tray

s arran
g

ed
 ran

d
o

m
ly

 am
o

n
g

 th
e scattered

 feed
an

d
 rep

licated
 th

ree tim
es.  T

h
e feed

er w
as tu

rn
ed

 o
ff d

u
rin

g
 each

 test to
 p

rev
en

t co
n
-

tam
in

atio
n

 o
f th

e treatm
en

t tray
s.  T

h
e p

ercen
t co

rn
 co

n
su

m
ed

 fro
m

 th
e tray

s w
as

reco
rd

ed
.  In

 g
en

eral, th
e rep

ellen
ts iso

lated
 h

av
e b

een
 effectiv

e w
ith

 m
o

st an
im

al
sp

ecies.  F
o

r ex
am

p
le, ex

tracts th
at rep

el d
eer also

 rep
el sq

u
irrels.  A

n
 ad

v
an

tag
e o

f th
is

b
io

assay
 p

ro
ced

u
re w

ith
 co

rn
 seed

 is th
at it req

u
ires v

ery
 sm

all q
u

an
tities o

f th
e test

co
m

p
o

u
n

d
s.  T

h
is is im

p
o

rtan
t w

h
en

 screen
in

g
 ch

em
icals sep

arated
 b

y
 v

acu
u

m
 liq

u
id

 o
r

th
in

 lay
er ch

ro
m

ato
g

rap
h

y
 w

h
ere fractio

n
s o

b
tain

ed
 are in

 v
ery

 sm
all q

u
an

tities.

D
eer iso

lated
 in

 p
en

s at th
e D

N
R

 R
o

se L
ak

e W
ild

life C
en

ter n
ear E

ast L
an

sin
g

 w
ere

u
sed

 fo
r a m

ajo
rity

 o
f th

e 1
9

9
9

 stu
d

ies.  E
ars o

f field
 co

rn
 an

d
 b

o
u

g
h

s o
f w

h
ite ced

ar
(T

h
u

ja
 o

ccid
en

ta
lis) 1

0
-2

0
 cm

 lo
n

g
 an

d
 7

-1
2

 cm
 w

id
e, w

h
ich

 are d
esired

 b
y

 d
eer, w

ere
treated

 w
ith

 th
e fo

rm
u

latio
n

s.  T
h

e b
o

u
g

h
s an

d
 co

rn
 w

ere tied
 to

 th
e in

sid
e o

f a fen
ce

en
clo

sin
g

 2
-7

 d
eer. E

ach
 test co

n
tain

ed
 u

p
 to

 1
0

 treatm
en

ts arran
g

ed
 in

 th
ree ran

d
o
m

ized
co

m
p

lete b
lo

ck
s. T

h
e p

ercen
t co

n
su

m
ed

 b
y

 th
e d

eer o
f each

 ced
ar b

o
u

g
h

 o
r ear o

f co
rn

w
as reco

rd
ed

.

T
ests w

ith
 rab

b
its w

ere co
n

d
u

cted
 th

ro
u

g
h

o
u

t th
e y

ear u
sin

g
 p

an
sy

 p
lan

ts g
ro

w
n

 in
 p

o
ts

o
r tran

sp
lan

ted
 in

 b
ed

s.  P
an

sies rem
ain

 d
esirab

le to
 rab

b
its th

ro
u

g
h
o
u
t M

ich
ig

an
 w

in
ters.

In
 th

e w
in

ter, th
e p

lan
ts in

 p
o

ts w
ere h

ard
en

ed
 o

ff in
 g

ro
w

th
 ch

am
b

ers an
d

 treated
 w

ith
fo

rm
u

latio
n

s co
n

tain
in

g
 th

e activ
e fractio

n
s.  T

h
ey

 w
ere m

o
v

ed
 o

u
tsid

e to
 g

ard
en

s w
ith

 a
h

ig
h

 p
o

p
u

latio
n

 o
f rab

b
its.  T

h
ese tests w

ere ev
alu

ated
 b

y
 estim

atin
g
 th

e feed
in

g
 activ

ity
o

n
 th

e p
lan

ts.  T
h

e resu
lts w

ere sim
ilar to

 th
o

se sh
o

w
n

 in
 T

ab
le 2

.

R
esu

lts a
n

d
 D

iscu
ssio

n
:

E
x

tracts fro
m

 d
ifferen

t p
lan

t sp
ecies w

ere m
o

re effectiv
e th

an
 th

e co
m

m
ercial p

rep
ara-

tio
n

s in
 th

ese tests (T
ab

le 2
).  D

affo
d

il leav
es an

d
 b

u
lb

s co
n

tain
 o

n
e o

r m
o

re activ
e

rep
ellen

ts (T
ab

le 3
).  O

n
e o

f th
e m

ajo
r p

ro
b

lem
s w

ith
 d

affo
d

il ex
tracts is th

at th
ey

 are
p

h
y

to
to

x
ic co

m
p

ared
 to

 o
th

er p
lan

t ex
tracts (T

ab
les 4

 an
d

 5
).  E

x
tracts fro

m
 iris, p

ep
p

er,
p

ep
p

erm
in

t, sp
earm

in
t an

d
 catn

ip
 also

 h
av

e rep
ellen

t activ
ity

 (T
ab

les 6
 an

d
 7

).  It is
p

o
ssib

le to
 en

h
an

ce th
e rep

ellen
t activ

ity
 o

f p
lan

t ex
tracts w

ith
 ad

d
itiv

es su
ch

 as v
eg

-
etab

le o
ils (T

ab
le 6

).  T
h

e resid
u

al rep
ellen

t activ
ity

 o
f p

lan
t ex

tracts can
 b

e en
h

an
ced

 b
y

th
e u

se o
f su

rfactan
ts an

d
 clay

 (T
ab

le 8
).  T

w
o

 n
ew

 fo
rm

u
latio

n
s th

at in
clu

d
e clay

 th
at
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o

n
 ced

ar b
o

u
g

h
s to

 d
eer at R

o
se L
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e an

d
 o

n
 co

rn
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u
irrels at E
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sin
g
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est
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P
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n
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D
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ay
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 d
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o
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1
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*
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1
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d
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8
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9
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*
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*
  S
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 d
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n
tro
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 an
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1

 resp
ectiv

ely

T
ab

le 4
.  T

h
e to

x
icity

 o
f d

affo
d

il ex
tracts w

h
en

 ap
p

lied
 to

 ap
p

le sh
o

o
ts an

d
 1

4
-d

ay
-o

ld
co

rn
 seed

lin
g

s.  T
est started

 6
/2

5
/9

9
.

In
ju

ry
a

T
reatm

en
ts

m
g

/m
l

so
y

b
ean

 o
il

A
p

p
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C
o

rn
C

o
n
tro

l
1

.0
1

.0
D

affo
d
il b

u
lb

2
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2
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*
2
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*
D
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d
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u
lb

4
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2
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*
5
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*
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d
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u
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8
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*
5
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*
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D
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d
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1
.8

%
1

.0
1
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D
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d

il leav
es

1
0

3
.7

%
       1

.0
1

.7
D
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d
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2
0

7
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%
       1

.0
1

.0

*
,*

*
 S

ig
n
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 d

ifferen
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m
 th
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n
tro
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<
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5

 an
d
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1
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ectiv

ely
a R

atin
g
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=
n
o
n
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=
sev

ere

T
ab

le 5
.  T

h
e to

x
icity

 o
f d

ifferen
t fo

rm
u

latio
n

s o
f d

affo
d

il ex
tracts w

h
en

 ap
p

lied
 to

 n
ew

sh
o
o
ts o

f ap
p
le trees.  T

est started
 6

/8
/9

9
.

T
reatm

en
ts

In
ju

ry
a ratin

g
s after 7

 d
ay

s
C

o
n
tro

l
            1

.0
M

eth
an

o
l

            1
.0

H
ex

an
e

            3
.0

*
S

u
rfactan

ts
            1

.0
S

u
rfactan

ts+
S

o
y
b
ean

 o
il

            1
.5

D
affo

d
il in

 w
ater

            3
.0

*
D

affo
d

il in
 m

eth
an

o
l

            3
.5

*
*

D
affo

d
il w

ith
 su

rfactan
ts

            4
.0

*
*

*
,*

*
 S

ig
n
ifican

tly
 d

ifferen
t fro

m
 th

e co
n
tro

l at P
<

 .0
5

 an
d

 .0
1

 resp
ectiv

ely
a R

atin
g
 1

=
n
o
n
e; 5

=
sev

ere

1
3

.
N

o
lte, D

.L
. et al.  1

9
9

5
.  E

ffectiv
en

ess o
f B

G
R

-P
 an

d
 g

arlic in
 in

h
ib

itin
g

 b
ro

w
sin

g
 o

f

w
estern

 red
 ced

ar b
y

 b
lack

-tailed
 d

eer.  T
ree P

lan
ter’s N

o
tes.  4

6
: 1

, 4
-6

.

1
4

.
O

sterb
erg

, M
.J. an

d
 M

cA
n

in
ch

  1
9

9
3

.  E
ffectiv

en
ess o

f th
ree co

m
m

ercial d
eer

rep
ellen

ts.  M
N

D
N

R
 W

ild
l. P

o
p

. an
d

 R
es. U

n
it.  4

p
p

1
5

.
S

ch
o

eb
, M

.C
. an

d
 M

cA
n

in
ch

, J.B
.  1

9
9

6
  E

fficacy
 o

f co
m

m
ercial d

eer rep
ellen

ts in

w
in

ter.  M
N

D
N

R
  W

ild
l. P

o
p

. an
d

 R
es. U

n
it rep

o
rt.  11

p
p

1
6

.
S

h
eets, K

.  1
9

9
5

.  O
h

 D
eer!  F

in
e G

ard
en

in
g

 N
o

v
/D

ec: 5
4

-6
1

.

1
7

.
S

w
ezey, L

.B
.  1

9
9

7
.  O

u
tsm

artin
g

 B
am

b
i.  S

u
n

set, N
o

v
: 7

8
-8

2
.

1
8

.
S

w
ih

art, R
.K

. et al.  1
9

9
1

.  A
v

ersiv
e resp

o
n

ses o
f w

h
ite-tailed

 d
eer, (O

d
o

co
ileu

s

v
irg

in
ian

u
s), to

 p
red

ato
r u

rin
es.  J. C

h
em

. E
co

l.  1
7

:4
, 7

6
7

-7
7

7
.

1
9

.
 T

h
iv

o
lle-C

azat, A
. et al.  1

9
9

2
.  C

an
 selen

iu
m

 p
ro

tect trees fro
m

 w
ild

life d
am

ag
e?

In
fo

rm
atio

n
s F

o
ret, A

fo
cel A

rm
ef.  N

o
. 1

, 3
3

-4
6

; F
ascicu

le 4
2

8
.

2
0

.
W

ag
er-P

ag
e, S

.A
. et al.  1

9
9

7
.  V

ariatio
n

 in
 av

o
id

an
ce o

f S
ib

erian
 p

in
e n

eed
le o

il b
y

ro
d

en
t an

d
 av

ian
 sp

ecies.  J. W
ild

l. M
g

t.  6
1

: 1
, 2

3
5

-2
4

1
.

2
1

.
W

rig
h

t, I.A
. an

d
 M

iln
e, J.A

.  1
9

9
6

.  A
v

ersio
n

 o
f red

 d
eer an

d
 ro

e d
eer to

 d
en

ato
n

iu
m

b
en

zo
ate in

 th
e d

iet.  F
o

restry
 O

x
fo

rd
.  6

9
: 1

, 1
-4

.

T
ab

le 2
.  T

h
e feed

in
g

 activ
ity

 o
f d

eer (3
 d

o
es an

d
 5

 faw
n

s) at R
o

se L
ak

e an
d

 d
eer an

d
sq

u
irrels at B

ald
w

in
 o

n
 co

rn
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 w
ith

 rep
ellen

t m
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S
U
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 is a fo

rm
u
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n

 o
f

ex
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m
 d

affo
d

il, p
ep

p
er an

d
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ip
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1
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4
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9
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0
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 d
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a T

h
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o
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u

latio
n

s o
f D

eer A
w

ay
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” co
n

tain
s p

u
trescen

t w
h
o
le eg

g
 so

lid
s an

d
is cu

rren
tly
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ailab
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o

rm
u
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n

 “B
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n
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s m
u

stard
 o
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d
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o

n
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u
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 o
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o

u
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2
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o
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o

w
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d
 rain

 fell d
u
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T
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 d
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 d
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 d
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0
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0
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*
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p
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*
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*
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n

 o
f ex

tracts fro
m

 d
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p
er w
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*
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n
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 d
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n
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d

 .0
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