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The present invention comprises a new and distinct cul-
fivar of lacebark elm tree, botanically known as Ulmus
parvifolia and referred to by the cultivar name ‘Zettler’.

The 1nitially discovered tree 1s growing in a culfivated

arca on the home grounds of mventor Earl Cully, R.R. 5,

Box 84A, 846 Hoagland Road, eight miles southeast of :

Jacksonville, 11, in Morgan County, in Township 14, Range
10.

The new cultivar ‘Zettler’ 1s the result of seedling selec-
fions made 1 1975, when the i1nventor selected approxi-
mately 100 superior seedlings out of a population of 20,000
one-year-old Ulmus parvifolia. Of these 100selected seed-
lings, ALL BUT ONE were eventually eliminated because
of winter damage, complete winter kill, canker disease or
poor habit of growth. This one 1ndividual tree, now named
‘Zettler’, developed an upright habit of growth, grew with
oreat vigor, was extremely winter hardy, and developed a
beautiful bark color and texture (FIG. 1).

The new cultivar has proven to be highly resistant to
canker disease and Dutch Elm disease. It has never been
bothered by the Elm Leal Beetle. Its high resistance to
canker disease 1s probably due to its ability to harden early
in the fall; as a result, the new cultivar does not suffer bark
and cambium damage when the first blast of cold hits 1n late
November or early December. (Cambium damage from low
winter temperatures creates wounds where canker fungi
spores can enter the tree.)

The ‘Zettler’ Lacebark Elm 1s very adaptable to a variety
of soil types. It will tolerate extreme heat and drought
without showing stress and will retain a full canopy of
beautiful foliage during this stressful period.

The medium oval growth habit of the ‘Zettler’ cultivar
lends itself well for planting on city streets, on home lawns,
in parks, or 1n any confined area where other trees would
soon become overgrown.

The following characteristics 1n combination distinguish
the new tree named ‘Zettler’ from other trees of the species,
including the patented cultivars ‘Elmer I’ (U.S. Plant Pat.
No. 7, 551), ‘Emer II’ (U.S. Plant Pat. No. 7,552), ‘King’s
Choice’ (U.S. Plant Pat. No. 5,554), ‘Golden Rey’ (U.S.
Plant Pat. No. 7,240), and ‘ARoss/Central Park’ (U.S. Plant
Pat. No. 6,983).

1. Compared to the species and the above-mentioned
patented cultivars, the ‘Zettler’ elm 1s far more winter hardy,
withstanding temperatures of —-28°F. to =30°F. without dam-
age. During October 1991, temperatures were warm for the
entire month, but on October 31, dropped 1nto the teens. On
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November 3, a record low was recorded of =1° F. Many tree
species were badly damaged from this arctic blast of air.
Although some species, such as green ash Fraxinus penn-
sylvanica, were killed to the ground, the cultivar ‘Zettler’
suffered only slight damage and recovered rapidly the fol-
lowing spring. Based on 1ts withstanding this early blast of
arctic air, and other winter low temperatures of =28 F. to
-30° F. during the past twenty-one years, the new cultivar

named ‘Zettler’ would be reliably hardy in the lower one-
half of Zone 5A and all of Zone 5B (USDA Plant Hardiness

Zone Map).

2. The new cultivar 1s a vigorous grower. The inventor has
observed 3' to 4' of new growth on young asexually propa-
gated trees 1n one growing season. Growth habit 1s upright,
medium oval 1 form, and at twenty-one years of age 1s 42
in height with a limb spread of 23' (FIG. 1 and FIG. §). This
medium oval growth habit 1s distinctly different from the
above-mentioned patented cultivars.

3. The tree 1s highly resistant to wind and 1ce. It has never
had a limb break from wind or ice during the twenty-one
years 1ts has been under test.

4. The foliage of the ‘Zettler’ elm 1s a lustrous dark green
on the upper surface of the leal and a lighter green on the
underside (FIG. 2).

5. Bark color and texture are outstanding. Exfoliation of
the bark starts when the trunk reaches a diameter of 212" to
3" (FIG. 3). The greenish-gray bark, as it exfoliates, exposes
an inner bark in shades of silver and cinnamon (FIG. 4).

PROPAGATION

The new cultivar was first propagated by chip budding
onto Ulmus parvifolia seedling root stock. This method of
asexual propagation was not successiul because of delayed
incompatibility between scion and root stock. Later, the new
tree was asexually reproduced in tissue culture at Microplant
Nurseries 1 Gervais, Oreg.; Plants Unlimited, Afton, Va.;
and now at Meadow Lake Nursery, McMinnville, Oreg.
Softwood cuttings are also being taken from tissue cultured
plants and these cuttings are rooting well. Asexual propa-
gation by tissue culture of the new cultivar named ‘Zettler’
has proved to be very consistent and effective.

DETAILED BOTANICAL DESCRIPTION

In the following description, color references are made to
The Royal Horticultural Society Colour Chart except where
ogeneral terms of ordinary significance are used.
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3
BRIEF DESCRIPTIONS OF THE DRAWINGS

The accompanying colored photographs illustrate the
overall appearance and color of the new lacebark elm tree,
showing the colors as true as it 1s reasonably possible to
obtain 1n colored reproductions of this type. Actual bark,
lenticel, and foliage colors may differ from bark, lenticel,
and foliage colors 1n the photographs due to light reflec-
tance.

FIG. 1 depicts the 1nitially discovered tree named ‘Zet-
tler’.

FIG. 2 depicts a close up view of the actual leaf size, color
and arrangement on twigs.

FIG. 3 depicts the bark texture and color and lenticels of
‘Zettler’ on a three-inch caliper asexually reproduced tree.

FIG. 4 depicts the bark texture and color and lenticels.

FIG. 5 depicts the imitially discovered tree with new
orowth.

The Plant

Form: Tree.
Shape: Decurrent, upright-oval.
Height: 12.8 m (42").
Trunk size: DBH (diameter at breast height) 25.1 cm (9.9")
Bark: Outer bark: Exfoliating, greenish-gray; fissures more
or less vertically; thin; curves upward at edges, becoming,
shagey; lenticels at fissures. Inner bark: mottled; colors
vary from silver (156B) to cinnamon (166C/D, 168D);
lenticels rust colored (171B), vertical, in single and
double rows, contribute to cracking of outer bark.
Growth rate: Moderate (~61 cm {2'} per year)
Strength: Excellent! It has never had any limb breakage
from wind or ice.
Branches:
Angle of attachment.—15-80°, average 48.35°; at 4.9
m (16') the trunk splits into two main branches with
an approximate 20° angle. Branches arising from the
two main branches tend to have narrow (20°-30°)
crotches.

4

Spacing.—Regular.

Color.—Branch color changes with size Size: >10 cm
(4"). Bark: Mottled; colors vary; predominant color
is gray (156A). Lenticels: Orange (172A), begin to
become vertical. Quantity: scattered, prominent.
Size: <10 cm (4"). Bark: Silver (190A), smooth with
vertical striations. Lenticels: Conspicuos, orange
(171B) singular 3—7 mm, horizontal.

Leaves:

Length.—3.8-5.9 cm, average 5.2 cm.

Width.—2.2-3.4 cm, average 2.7 cm.

Form.—Elliptical to ovate or obovate, base unequally
rounded, occasionally cordate; apex acute to acumi-
nate.

Margin.—S1mply or nearly simply serrate.

lexture.— eathery; glossy; glabrous above, pubescent
beneath while young.

Quantity.—Abundant, imbricate on branch.

Mature color—Upper side: lustrous dark green (137A).
Lower side: lighter green(137B).

Immature color—Upper side: 143B/144A/144B/145A.
Lower side: Close to but lighter than the upper side.

Fall color—Upper/Lower sides: Various shades of
yellow, purple, pink, and red. Fall colors do not
OCCUI €VEry season.

Petioles.— ength 3—4 mm, average 3.69 mm.

Ribs and veins.—10-14 pairs.

Thorns.—None.

Spines.—None.
Prickles.—None.

Buds: (Vegetative) small (2-3 cm), conical, reddish-brown,
slightly pubescent.

Flowers: Typical of the species.

Fruit: Samara; ripen 1n fall, abscise 1n October; typical of the
species 1n size and color.

It 1s claimed:

1. A new and distinct lacebark elm tree named ‘Zettler’ as
1llustrated and described.

x e = x e



Plant 10,846

._..-..._..I.-.il.l..-..._..-. " -..-..‘..‘......-......-..-..‘_.-..-_.._..-.I
- 1

*
14

LI L
]

T
+ + 1

h
L |

LN N
L C I e e )

LRE

.'l._—_..._..-..-..._.|.|..-..-.-.-l......_
Pt T R R R Lk i.-.r._.-__._..i.r._.._. ;

-

P i R -
e
- i
l.._.. .-.__..l._-.__..l T - -_"
ok

N N R S )

N T S

1-..._”__“# -

- .

T
Ll B A

4
4 *, .r.-..-_.._..-...._.-
.I- " =

Sheet 1 of 5

it e - -..._.-..-..._..-.._..__..-.._
- Pt -

L SRR RS i .

e S SRR R R

L SR SR A S e Y

LI S S ot " N e
P
RS I A

L e
il onoddw

= m T

iii
m gt b L O S i

(Y
i L |
l“l.u‘!} PR ey e e e e e e

LI ML LS S R H._u.iﬂpr_-.u..”i”.r“._n_-”i..._.”.”..
L S

*
AR
Wi b

Ly
LN

L nL)
et

*

L]
]
L

il"ll-"l:‘l -
AR

L -
L)
e,
LR N B N NN ]
]

Mar. 30, 1999

)

L)

(AN

L
"y

AT L
'

- = =+ aTaTalalm -t T EEEEEEEREER"
Rl T T T T e W )

U.S. Patent



Plant 10,846

Sheet 2 of 5

Mar. 30, 1999

U.S. Patent

IS I T IE W
PR S ST S A
CR A LA A
N B Y O TR A T N N
- B L oy om L w orom o om e omoa o R AL
T T T T e T T T T e e
= N T O R T I T LI S T e S TR W N N A
e T P e e R SR IR B S SR HE S e Ay
AR e Pyt byt e T AT
- i.”.-..__..-..__....-....-.._......-.._..-.-.-..-.-.._..-.-.._.-.l..._.‘..-.-.i.-.i.i " -.._..__..._.‘..-..__..__..._..-..-._.--.
Rl .-..-..-.-..__._._.l....__..- B T R Ry .-.-..__..__._-..-._-..-._-..-..-_.-..-..-_.-. - _-..__.__.-.- atata .-..-.l.-..-.... . .-..-..._“.-
. .

-1

-
[N T Y

._pa_.i___.a_..-..-..-.i.._... LA A dfftodesner
PR S S N S S N A S R T
. ....-.._1.._.-..-..'.-.1.-..-..-_.1._.._..._......-.__..-... .-..-._p.-.i.-..-.i._pd_...-.-........r.
N A A I L e A
.-....-.._.-.._..__..-.-.__.l..__..-...-.l..._..-
Lo -

P I S A i M R

A4 -l -
I A e IR
[y et e e e T e e
L S RN LR T S S S e S0 AR A e S N O W I O N
)

ERE S SR SEE PR LR S A Rt R R N R SR it el S N R S A A
L | - -l - -l & 4 4
R R R R L N e N L NG SN RN B

(X ER E E N TR

- T T L L T iy PR A i . * - - et
RN _.__'.__.pi._.._i._.p1.__.d_..-._.pﬁ”_.11....-.1...-..—*.—*4....—...1....-....1...?...1_-_.__...._.._. -.nﬁi.r.-._.itiih..._.._i“r“-.._.Hiw._“..“i...r._._.__.“.w-.._.i.wiuu.__i“.” * e
i I e S O T T R R R LT T T T

L d A pddemw nmr ot radrodded A At
. LI M T T IO A s AL A A -
L A I L R i e i e o Y
R A I TN K AU R ST TN YL NG e
e e T e e e e T T e e e
N NN NN S St A i et i Pt ™
A e e iy i
R L R M LM e

L T I S A e St i e g N A i N N N ™ - .

R AR AR AT R T T T e L S T A T T

e _..____i..-”t__._._._.__F.__.*i._pip*”f.-ii*t-.-_-.i.rttp_-rth_.ir-.i”___..._.“.._.r._.h_.-.*._.._..-._..__.d_._rl ...__.___.rh_.uu

A w T Tt e a T  E o aratata

N N N N W e - T =
-
)

. TR A R A
L § L S8 -l
= - e T T T M

O )

-
+
*
-
]

i..__..-..-..rm.i.__..__..._..__..__.i..;.i..-.i.-_..__.l.ii-_ o A Ny Ak ddfdfddeperenenon ) -..r.-.-.-..._.....-..__..-_ .y .rl.-.r.-....n - - . .__..-..-..__..-..-..__..-..-..__..-..._...-..._._..-.-..-.-.-..-..-._.-......_..-..-..-..-_
L S N A LS S ) [ O I D TR T Y 3 3 TR ® [ LR IRY r DI R A AL . & -
O T N T T T i R S A Ny P B ] L TR . -
i iw 4 A - RN EEEEEREE "M . . TEEEEE R AN & =
. . .r...__..-.-_._..lq.-..........-.-...--.__..-..-....-..__........._.-.-.._..._..._...-..-.._..-_.__..-..-_ . .-._..-1.-..-.-.._..-....-.-.._..__..-_.__..__..__..___1..-_ LLH
F =T
N S S S N e TR T S R S S B AR A L R [
.-..-..-..-..._..-..-.-.._...__.-..__.l..__..-_.__..__..._..-.i.__.._..._.i.._.i.-.._...-_!.__.i.__.-..._..._..__..._..__..._..._..1.-. ll-._-. .-._..-.l_.- * Ff
L S S N T I R R A A R A

a1
L L ]

T T I T L LT T I IR R I T fl.i.i."l"ll
]

4 = a4

LR
» - ow
i W m LA L i.i..__..‘..__..ni.l..._.l.....-..-..-_. .I....-.._.-.-.._.‘._..-.._....n -.-.-..-.-i..._.‘..-.‘..._.-..-.i.i..-..-_i.-..-.i.i..-.-.___..-..__.l.._..._.___.i.-.i.i.i__..ii.l.._i..__..-.
L R R R R L T R R R N A+ w i gt LA womomo1 ook o obdhdd gl AL R
LR A ke h L e ke Ll e e n w ot bp ol ko pd L e
LG S L T S S SN i T N A
A R - ” Al w oA
oA AR LMY .
R N R R " '
L L d B L wm . '
AL A A Ao N
41 pda = 3 ' .
- T T oA oEoaq '
L R N N At BT e S e R W e el R e R AN '

=L < LB 3 < 4 4

P N S
LR O L et e N LI S S A S S IR
L N NN A SR S BICING T N S R O YR T T e e e e e e
L L T T L T L, p T T T T T T T T T T T e e T T T T e
S T A o B L o e e et R L™t S S S B 3
LR LN N DU I M ARSI N B A A A A IS NEEIL T A N S R A A
A A L L . P R P e R e P T A R i T L P i)
] ...-.-.-.-..-.-r.-......-.'.-.-ii.-...-.-..-..-..-.i.-.i.-..-.i.-..-..-.i..-.iiii.

=L
T ; B

RGN
it e
L S e )

L B S e T Ny T -
* -t ' it e e md o i-i.v___..._.._.i.-..._..-..-..-..-.___.ii.___..-..-.i..-_l ¢
I -.-.-..._..__.-....._..._..-..-.i.-.l..-_....i.-..-..-.-.-.l..._..-..__..-.__..l..-.-i._...-i-.._.l._...._..‘.‘.i.__..-..-..-..-..-..__.l.i..-..-_ '
LI R R S T N SN N O N SRR ) L] PO T U T O Sk S S A S R S R S R R U I T U N S N e N A
gttt L R R Rk R A R R R R A L L R L TN L NN T I T I R
R S R LR T T T R T e e T I L X
Lw L i - R N R R R R R T SR A T Y P T
T [ R N R R I R ST R R R T I S R I L I P A A
L T R Y aa -..._. oo - - b .-.i.....‘..._..._.._..-..._..‘..-.i.__.l..__..-..‘..-..__..-..__..-..-_i..-.-. o 1-.1.-.........1.....-....
P h Y T i Ry s SE RN RS R R 4

I L L RN I L
- k3 - kT r . . l_.-..__..-..__..-.-.__-...-1.-.1

- ._...-..-..‘.h.._.._...._..._..-..._..-.i. .._..‘...._.-.._..-..-.l.- T L am o Tt K . et
- - . - wlna mta " T "

EIL RN L) o ....-._.“._.___. o LRI . ._.“_ii._.i._.ii. IO AT +._.H._.i- e ._p_._.“.p___. Jr._.._p._.”_-..__._._ e
T A A e AT L A= T Al T T -

S R ST A S " N S S N
= 4 =L =L -
. R R R

l.-._-..-..-..-..-..._..._..-.-.__._-..._..- r.-.._..-.._..__..__..__..-..-.- i .._..._..._..-_.__..-.__...-_.-. LN
e T T T T T T T T T Tl
A I I LA A MO .

S A alaTa ey
L N R S N S A T - -

LN N S S S S N R A I N N

D i R Lo r» LA
e N A S S N o ) . - [
f.-.‘ " i.'i.i.. L] 'I' L] L I' ! ] i . LA [ M ]
S T - x e
i m “u '




Plant 10,846

" .-”i”+”iHtﬁiﬁiﬂtﬂiﬂtﬂiﬂiﬂtﬂtﬂiﬂiﬂ
L3R 5 S N N U A e
o R R L L
=L L -l
ottt
B P e Y
L L T T R e e R R I i )
LA .__..._..‘......._..__..._..-..-..__..-. .-..__..._..__..-..-..-..-..-.i.i
B i T

A A A A
Tt T e e —
ST TN NI YA _._......ri.r.!.._..__..‘..__..._..__.___..__.i......rl.-rr.- . -..-.._..._..-..-..-..-..-..-..-.._...-..- .
c ek m A A m
L B I I K S A )
.

- = EEEREEREEE oW
i i R i iy
el SR 1+ip”.“

"l ddadas

L] Ii. I‘ 3 .1..1 .Fi .l.i.l..t.i.t..l..‘..r..t.i.ﬁi..‘ . .l.i [T I )

AR KRN
LG -_r A

Sheet 3 of 5

SR e+

-
[ L Loy 7o - & i &
-+ =L
.- r”.r.-..'.r.__.__.i-lu...uiuuu _- !.-__J_..piiii.-_l. .-.-..r_..._..r.....-_.—._._..__1.__.1.1.__.11.__.1.-..—.—1.-_

P R . W WAL wiala
nlllriité-_ A R N -

i I S R R T R |
* i - d oy i 4 Atk
4 LY L ]
__...r_....-._....-.__...r_....r._.. .-..-..-. l_”.-_i..-.”_...”._..”l.”l.l.._..”l.”l.”l.”l.”l.”i.”i.”.-.f.-_l. Al .-.i..-. iiii.lll.i& A
e e e e | A -
.-..-..-..r.r.-..-..-..-..r.r.-..-..-..r.-..r * L _...._.._....r.....r.-. .-_.-..r._...-.f._.._...__.._......._-.._.._...i.l!__.._...!l
ot _-..-._-._-”-__r . I_-__-_ e A
e

-
f-liivn_._.._:.
POt R i R,
A R i .
a""a

-
L T
T

L ] L A ] L]

T P S A
ettt L s R T A
ik L Al fdddys el dEgddaw [ - = 4 = e = dd 44 .F.‘-.F‘.F
tiniﬂiﬂiﬂp”ini”.-”iﬂt* e e LT Pt T
O N

O N R

PR

-
”.-Hfﬂiﬂiui”-ii”.rﬂiﬂini
LN S N )

-
N A e Ty Ty
L O et

I !li.__..__..._.l.._.i.._..._..‘..-..-.iii.-_i..-..-..__.i .
L

-
....rH.__.”...”i”i .rt”t”iﬂiniﬂi”t”i”i”iuiuﬂi. -
L S SR SR R B S S0 TRE N A A
-
L RV

Tttty
R AN I
Wt e,
S,
I S
L R i i gt Ry R
[ e T Tt R
R R T
. . LA ML A
et T R L, . B e ey L)
e A A T e e P i
R S S A A A S A S S N NN
B S N N S S0 S e i
A
A S N N
PO e e
A AT )
A
P iy
LA S S
LA A )
PR
ol
...H.rﬂﬁpipﬂfﬂiii
L N N
h el A
PR At
LT e
LRI M A AL . AR
LA A

Mar. 30, 1999

ili.l..‘.___..;..‘.i.._..‘.... o R .1.._...-..-..-..-..-..1‘..-..‘..._ 4 .;..._..‘..._..1..._..‘..._..‘..._.i..__..-..__..‘..._..-..__..-..-..‘..-..1..-..-.iﬂi&iﬂi&i&i&lﬁiﬂiﬂiﬂiﬂiﬂ
- s [l
- oo

=
L oE W omom

U.S. Patent



Plant 10,846

Sheet 4 of 5

Mar. 30, 1999

U.S. Patent

[ |

o

u..u i -.-- |||-..|111111111-.-1
- Por A PR R
_.rl_r...-iitﬂtﬂ*ﬂﬁiﬁiiﬂ.riﬁiﬁitﬂriﬁ ML AL M
P S i L A A L P,
P AN A A

LR T R A SR R PRR AR RE A S A
RN SN S S W L L S
" puiiiprprp.-ipiﬁii.-..p-ppp-.p...+i1_-.p._.ﬂr...._.“ﬁ___.1._.1#‘_.*;*1%1‘.-#1.-____..-.-_-_1-.
M N e S LN N e RE SR N S S S N )
o NN N S S A T S N N N »
AR R A R |
L A A A A

.lh.

r &

+ |

- L IE SN |

L o S SRR N e
[ L L T R

LI IR D O N ]

-
4
e ___.p.—p_...-i.rii___..-.-p.'i.-.i_-_i_-_.-_.-..-_.-...n.-”i”i”ﬁ”it p, R e
i s PN i N
S LN
ul L ] [ 3 ol
At e e e e iﬁiﬁiﬂ*ﬂ

R A R e L L *
...-.1-.1-...._.-.1&1.-1*..... T

- PN AR N
- - I‘..._.i.__..._..._..-.........i.-.Illl_.l.-.__..-..._..-.i.-_

R R DR R

_-ll -...
LIk T

-

LA RS N I N N

At T e T
&

I M M p+_._.ﬂ..”

TR

*
e

% o odogoddd gk L LR

xRkl
- .._..__..-..-_.-_.-..-..._. Py
L d ekt A

9 - =L
T ek

LN S ol N T T R S T N S T N N T A T N T N A A
LAY .__.*.-*..-.r._.t._..__.pt.__.t.-*.1ﬁ_._.*.-.__._-_._.__..-_”:ur___.ti*.iﬁ._—-.._.*.._.ﬁJ_.t._.*.pﬁi*._.*.i+J_..._.n_-.-1J_.1._.*.iﬁ.__.t.-._..-ﬁ.-..rt...piiti...-_t_-..r.-*iﬁ.__..-r
L
LN L MK AR ) ) R T L T L T L T LS T L

e mgegmgmg- a B

- 4 o b L LRl bk rr R LW L ]
gk pl e nile nle e e i ] TTrEELE L A4 aaa .- * iy [ [ -

T e e e e e e e e T A e T e e e T N e e Y e e e e e e e e e e e e e L R e e e L R R

R N L N i A R A A T i G R A G G R e L T e i R e R L e e i S R ™, O S S A R T R T N N N R T B R S A R R SR L R B R S R R A R A e R Y

Lt o YL e e Tt TSt St L T T e L L T L L e L L L YL I S

.-..-..._..._..__..__..__..._..-..-..-..__..-.___.iﬁ.-..-..-..r.-..-..__.FFFFFFFF.__.t.._..._.._...____..._..:yl_._.._..._..._..._..._..-..-.ii L L kol g g g g el ol ol A Rl dalalgd kAl fohoadodoadhodoadodogododydad g d

.r..._.._u_;p.-. llilllpiip;.—.iivrvl.:::.r.:.i..._::.r
ul
g a Illﬂii___.l.-_.-..-.lli.-_i . |___..n#l..._..._......._.._i.‘.._.l..-.-..._..._..-..._..._..._..._..._..._.._.-li.-..‘ - A
* r”.r.-..__. T T T e e l_._".__.._. R L e et e T e e
a4 « 4 o =2 1 o d W AdA 2 d i - 4 i ol 2 i i 2 1 i - LY
. - - * - ! “ e _-._.."_-ﬂ_- - AR e D L A
e

.-_.r_-__-_ .-_ .r.r.__.._..r.r.r.r....r _-__.__.__-_.-_..__-_-__._l_-_._.i___._-.
e m e a UL W o iy - A R - N
M e o Hr - o .
=2 LY =2
- ﬂ_- T ” . _-_”_._.-i”_-”_.__-__.. P A A W e ¢” o
o A B e

LI R R

.__l-..-_.r.-.i.-_._...-_._......._..._..l......_...... - ok omom o
L} LI R

' »
e A
._.”r_._.r... H._. LML
A i
At
=g e A A
PSS =T A
AN A Y
o b B AL N
d om ok R
e )
e e R

_-—_-_ ‘_ lll_._._.._-_i._..-p.__.

.-__.. .r.r.__._..._. _-_

N O T e S _-_
w  m o n g Rk oEowomom

I II_ .r.-._-._-__.l.--.-l.l.l._-.l.__..._......._.._..._..._-.ll.-.-.-.--.-..-..-.

-lﬂ -

II > ] IIIII ]

L

L) L LY
.rl“l_i.-._..___.__...l.l.l._-.l

L .
P )

Ly e
T T R T R L

L Sl N R R B e )
=+ H
N S ._;._..-ﬁ“_._

0 SN
L N M W

€

L O o ML -i.-i....-__-ﬁ.__._-
X - +

M .

L N

am
"y._.i”it T

N R

' .-..‘.l.ﬂ‘-.._..-_.-..-.._..-.l '.-.
P v L
R e
e e
aw -II -

) N
* + "
T T i T
L ] L B I BB
S
R WL I IR L T R D T T
.Il_.._.-..-._..-..-..-._.-..._..._.-..n..__..-.-..._..-h.l.l -,
- =k Fn ._......-.IIIF A N

ll.__. 2 -..__..‘ - .._..n..._. -

-
Pl p -]
e e
N I O

A g diwd 4
e s e e a a
AT LA el A e N
S e I R A R e ) :

L, e e iy,
et g
L H R R = _u_ 4 = e i i H
o T SN R ey At o e ) ’ g E e b
T R S _._l.:plfuufp._._rpuupﬂ.:.-_ A e e e

-
ey Ay

ll_
gttt

L

)
e e A

I S A gl R
pipiii.iipii.r-l.ritfi._.__.l L]

1
.-. i.i”i.”i"' l.t.‘.ii-.- - --.-
* .-..-.-.-.-.-.-.-
'.-.ii..-.i.l 3 =

S
i i
R e P R R R Ry Py )
Lo L oh o Lo m L
R N i N A A AR e
3
T W A A A A i ._ L B L L
T T Tl e B i Pt P i PR A R e i i e S TS A i e i S
N N L L I T T i i A R Wt e T N T N e P et T e T T T T T T T T T
RN e+ MO 7wt e el e e e e T n M N A e T e e P S S I YL A
e [ g™ " - omom omom ok ok RN RN R S S A R R o) I I L R R R L Rt A R L T i I Ar WA S . O A T L S U S A R R R R e P R,
. iyl farlailiu Al . PR = A N A N I S A A A

et L
=L

|
-




Plant 10,846

Sheet 5 of 5

Mar. 30, 1999

U.S. Patent

‘s b mpEm L am A v =
SO I, s o
e PR
o PO - E S
R R . 1 AL S '
P el - ii;ii-ittﬁ .
_'H_r”___.u.-”_r”.__. o i_-”___.”.-”_r”.__.”i”_r”___.”_— ___.Hlnnu___.”t”_r”.__ﬂt”-_”.__ﬂ.n 5
N T N AR A A E AT N -
S RL T G N W A e Y S S ]
P et R B R ettt - PSS N A .
A T N N N AR G e | - o E e ]
SN HE E N N L ) () AL . .
R i o AR AT *
R ST ST R R RVt s - -
LA L N N A () CAC 5
e hr R e Pt Py "
T L N AT SR AR G iy alatan X
LR S0 L L N N G A L .
e N e AR uty
S A S N N BE S ey O -
A A A e A A R . "
e e A -
Byt Ty -
" NN N VR N O ) -
N T -
S N AR A A S e R .__
-
~ lrniu..”p”i”.ﬁi iiﬂiﬂiﬂiﬂiﬂi TRy ”__..
. u.”"I_-__.._...-....___.p.._.r._fifitﬂifﬂiiit-ii L Tx
IR e HE R Rt ety .
l._._rﬂrn A R R S -
L A e e Y
v IO SN T L N Y *a
YN M A ‘e
R NN N I A LR O -
A WL S R R R e
VS AR S e .
o S S R A e
- oS T T e’ o =
_.__“..._.._._._—111..1 e .
et o et Ny * " . Wt
T R A e A 'y . .
. A e N A A e . .
oy T T e " |w - -
' " s ey P P . -
- < 4 h . . .
e iﬂiﬂiﬂiﬂiﬂiﬂiﬂiﬂiﬂiﬂi o Falat i tat ._.Hiﬂ.-”i"._.rpuiuii.-t o) S .”_._..
. " A A * r e e ok
- - P i i i, P R A A T Ly T, ™ ™ -
o ol e A B P e e i L g, I L L e A i L T B 0 IR A e P T ®
A T - - 111J_.pi.-.n..p....ipipi;ipiiiii.-_:l e B i N _-_.__
P - M T e T T T e AN = e
MM KT E - . AR AT e R T N R E HE WE B P O R U N R N NN R N N N S L ) ARSI .
FAC S e T v o e e o e T e O R, "™ W
wnn N o e TN v o e e o U S L e N R R A S G e g T e e T AR - 1
Lo W - v NN i N R e N NE N N O N HE NE NE N N N N0 K N U S e kU A L N N N S S el S N = -
PR T M N e A .:::._-_.-..::::::.p.r.-_ﬂ i Ly i T e e T PR = " u
A P - TS I B NN S AR G ity R e e i i M i RO I NE B A e e ety e Lt e . -
- _rit_r___._n-...___.t_r-__-u..__. ﬁ‘pi L U e N0 R U L L N e R U O N KN A A T TN e A L N HE NE NG N LK Tah
. B P e e AT, Ty P T T T T T T T T T T T e T Pt T T T T L " e
u - N L S O A A S S ) Tt T e L i L T et i et g g, My
- O e N R M R U O NN U S i I G L U HEHE N N I N e S A e e e e e N U * ] e
N L R iy T T T T T o T T T T T T T T T T T A T T M e P My
el Fin rip*pﬁ}vwi.tﬁitri._.*rp._.ﬁi._. L S I I e e R gt P e e ™ T e s
M .-i.r-ﬁiin._.tn___. A A B R IR HEHE NEHE U HE e O O R I N U VN T L I N NG U NG W U U UL O R N U U NN N R N %
P o e T R o
PO - L AT iy i 1._..Fp._.ﬁi._.1d:_.__:r._..-...r_-_ﬂ._.___..._l_._.._.__:__.ip._.1._.._..:F._.ptt.::_.i.-_._.-.d:_.it._..-_.._.11._.1._.._.._.1._.;1.-.**.-. T e -
x i 4 4
._._”.r_r * H..__-..__“.. Pt ..1._.._.1111.__.._#” .__.1ir_r1+1i111+11+11+1¢+1t+1”pui+¢”|-_ ”.__”1H..”._.H._.H1H1HpH._.H1HpH1HpH1p..._.p”p“..H1”p”.-”ﬁﬂin.._”ppp”i”.ﬁp”i”i“lr HpH1H1HpHinHpHpHpHiHﬂHinHﬁHﬁH 1”1”._._ ” .”
PR Y - » + L L e N S L A AL S S A S . -
S R e e e T A * B A R o L i L LV S + .
S e e e ey " RSN R - T g T T T T T . o
LR PL R N e O oA O N * LR O U NE I O U U TR e, G OO O I U T L GG T U O U U UG R N N e o e
B N A L 2, T T T T T T T T T T T T T T P L T T L T e B Ty -
e T A L A R e R T T e R T 3 UL A e S e S e e T e e e A A S e S M A A A S S L e A .__ .
. 1 LSS T T VL S L e O W N W R U O N HE IO U e NN N O R MR LI e HE T I U U U U N N S e T A T Ve
i o i e ™ B S S Py T N T e e T M "
- N T N N U At i et e o T T T e e T e T I S S A S S B Y -
. 1 CC S N HE NN U e G NN NN EA R S HEHE U B L L N N UE T O T R L L A e L L L NG U N N N M e e e .
" - B e 2 B e i B P N Ty R i ey Fa
. = i T WA A A R AR R L L T i T T P T e T T i L R i e e Ay T
- - R IR NI 0 U S L N N N N ML LY il L L HE T HE U U U U N U N U O O U R U e e U U U G G N N NG R A L O '
* e A s i P SR o S T I P i T T P T i e
e P L LA A e MO A TR0 R UL HE HE E R U U T e U T T HE N N B U U L L G N N B U e O NE N N NG U e .
e oy - N A L e e T T T e A e
R L L SRR N N - T R e e
S Sy . S A R A A e A R G i o T i, Y i e i i PPy . -
- P PO i i e e A i i) i, AT pb b b e e W T O S SR A A S e A e A A A A A S A U A T N N A e A e A . ]
, , T S A AR W g e R e M e e g e e P B e e e i e e e i o
“ = AN AR ] T T T A A e i e R T A T e T e e T e A A i T T P P i o
- R LI I L R T N N O M NI ENE HE U U I N Y O N YL R HE N0 O A O U N T HE G N UG WG I N NG e A ) -
Pl N A N N B S Tl e S A S rma T T T T e e i T T T T T T T R T T e P R G T T Ty .
O AR A A A S i ™ T R iy it e L  n E E TL HE 0 L L e G it e e i i R B N T R e e A e e PP ) -
I N N L N \ ) R E R NENE I N N T N S0 R LI P U VE TG NN e e Y LR U N N N A O N L O T KN U U O L L NG U N N HE N e U G L e N I N -
R R e T, ¥ A e EE R e S i i Tt ') Pt e T T R e T T T e . . ]
o WAy e I I A : ,._l-_.__
PR T B e e e e e e Pt . -
LM AU o v S S N N U S e G O UL T e e O N U T L U N N O LG g O T S NG U G I L I M N - _.__-__.__-..
LR ) L I PSR N ) R S L NE E N NN U O e N R Nt N N IR U T T i I NG S U e e e S T I N U N U U S e i . -
EAE A L A e ath i L B e T e T Ry P R P Pt L ey L
e i A e+ aa o S e A L T T L i e e R T T T T T T T T e e T T 2 -
AR W a e - ) Ll W W R LS UL G N U R N B U U T G N T N S NS e O N AR e A LR U U L T R N O L O N N A . _._1_.__-__.__-_
e i e e i I S i B P i T L i e e e e R R e i, S L i . e
LRSI T A A i T T T T T e T T T e T T T T T T T T e T T e e Ty Sy
R N0 " X L L T L N A A s == o e
B W A A R R e T N T T T T R R e T R R i P R P R R R L =™ =t
R A Attt P M g e o e o g e e W R Sk b b T e e e e e O ..__.-_"-__r
iy T P T P T T L T T R P i g B I R T iy P L o i b
+1.__T1-._.1t._.._. P R e T T P T P B T L e T P P T T T e P P e i e i i i PP P PP _-_-_-_.._.
LR o S M R ) N S G N TG TR U L L M N U e N R NE S I U N I HE HE VT L LI L TR B N VU N N L G I N WU U L U I HC G U R BN SN N e T e *
g e e PAC A T I L S A e T R i L R i Pt % Tm
A * P e b o N e T W s e S T e g s s g e e e MW T e g W W b . b
P e ) LA e A A R e S e e e e o i e i S e N T B SE T U e I NS U N N I N S A N U U U S L N NI SR S e e G N NN B e . P
S I N e N e ) el T T e T T T T T T T T T T A e T L L T A R i PPy T
R T A U I AR A ST R i iy P I L O A S S T N e L A G iy e e i i L IR U T T L e I T e e e N o o, B I L L N L L B T A G i P PPy e
e e e L e e I I N N A A A S SIS e __FHJ. e W T e Ill.r..r
_ixr-.;t___.ﬁ R P Pty L A A A T ey N R e A R R P A A A L e G R PP e .t‘nw_-i.__. e T G S A R it i -
- 4 4 [ 5 L3 - 2 4 4 L ] = 4 i LY - - - 2 i - L ] - 2 4 & 2 - - =2 1 - -
e fﬁ.ﬂiﬁlﬁiﬂiﬂiﬁfﬂ# Py *. P ity h.piiiiiii_-."_._i D P i e P L e Py e e ) o )
L T S N AR AR G iy O N I A e T, S P T A U A o N O o A e O P P S L T T G G e A R S B | i ma »
e e e e o i SN N AL n N A S S A -rl -
T T L A iy ity e e T ok Ak kA ljun
iy T T i i T A i R e M
A S L e e HC N LR ) e e e AT T T e T T T T T e e e T Bl L N L L L A R R e e
e e e e e EAR S R CNC G R e L L I U U S e e e e G N O TG N Y L R e e SN S S e e e e L R T N S N S e ey R A e e e i e '
B Y » A e, S el e T e I R T i L e e P T e N I
ﬁiiiiiiriﬂp LA N R e e S e o e e e e W e e
LI O O T R * AL EC S T N T T W NG L T W 0 N0 S e R R ek T MG I NN N N AR L I ) o MR S L AL I I S LA S
T e a s e T T A A T R e T P e e e M, R e e e
LR o _-{E:F.._r P ot N L L oW T A Ak A A A -._-....__.:F._..Fp._.-_t._..-_.:_..:F._.1__:_...1._.11._.ﬁ__:_..:r._.11-.:.-?!“-__....*-.11...._..-._.1: R R R R R
NS L e A W) " - R G N T I WE W UG WG CaC L e N N Y Y A A A S HC NN O U Y L O N N e S A N N U e N M N N B WG N
P e L e L T A S e R T e e A ) i o T i e i R R e e
i P N I I R T e i o T T - ) 1-.-.1;._.11._...-_-’-.:_.11._.*1._.* e IS N NI R U S e e A Gy
T e LA LR e A I N e TN A g v._._._.-.. A M i I 2 L B AL A AN M RN
Pt Y Y e L T NN A i I N T T T T R N A A e e T .
O RO +ipiil"-x .-___.-u..- NS G _-.__.__.____.-_.._l;iivl.:‘..-il_-_iiiiJ_.i.—.::.1111111111111.1111111111 .n
R P i AR -y T T T T L L P S S S P, P T =
A T N N N A S G A e e i e ™S O T B A A AR i P o SO AN N T T T T T .
LA L N NN N S A A S e K inﬁ.—.slitifiiiﬁif L [ S N U S0 e U U e N N e .
L i, W, atay P e T T T T T T T T T T
b e e e T e et i UL HC T S e N A N L e e R
L =L =L =L Al =L 4 =L =L
...rd.”f”u ._.pH.r“..”iHi”t”f”i”l”j” 1+”1H+”1H1ﬁ+“1”1”1”1.. T " ﬁiu .__.-_”.-”.-H.-H___.n * 2 et 4__.11.._H._.H._r“._.”..”i”t”i”i”i”p”i”i”i " h.Hp .Ff”i riufn..”i”iniﬂiir -
[ 4 2 4 i s L 9 4 € L3 [ 5 4 1 4 - - 4 4 4
- 11..1‘..._.__._- iy e i L Y NN » g e e
AT BTN N o o A e T A A
o upﬂir._"r-.p._.iti.r..__._ti._.i__p.__f_-_-__._ R L Lttt R AT A
_-_._:.___."?ii.- LR N e e - L N e G N e N S IR Y LT R HE T N RS LU N T B WG U U HE N B N S N )
B T N I I g B i S s B T L T )
hrttti._.ipp.r._....iprarp e T T e T T N R Nt e e e e i I
= wl L3 [ 3 [ 3 LB 3 =L A =L i sl L ] L BE 3K S 3 =L
* -."”.r”1”lH1H.._H._._.;1”1”-_"1”1”;“‘;;”1..-_”1”-& " _-H._.” ..Hini_r ”._._“_._”_-H1”...11”_'ur_i-”n”i#”ﬂ.ﬂ-”f”i“n”ﬂ 1-_r“_-H- u‘tﬂiiiﬂ..ii”i”pii .FH .H.-”11i_._.1”._.H1._.pH1”..H1H1H1._.111H1H1HpH1___.pH1H1H1HpH1Hp1p.._..._.p11H..._.1”;”.'”1”;”1”1”1”1”1”1” *
e R N N S e i R A AL M A ......-_-_-_.-_-_.:.v oy T T B T S S S e e e e et e ey S T e N e
A L vy P ™ T e ok AT A L Py L R,
T iy i ™ e e R S T e S R TP it ¥ et T U L P L R R e N
N HE N S W N S S A I . NI N TN I N R U e I N Y L N O I 0 HE ek L e R HEHE HC U HE U U HE HE N N M N T A O N
W iip.r.-___.-_ e e _-u_ﬂv e o S R NN T I T T R e T T R R Ry A R R T e T P .
A e e e e SO R LG R R ) G Ll C NN S L R N L T NG N0 U L N U N N N U N I G U L B N
P A N A S A i A R AT P P ™) T A R e R T T T e e T T e
RN N _.._._r”.-tii MMM PO RS S -.”_-___F TR e S S e e i e S S A A S A -
B e e A - T R A R R T Ty A .
T e e - T i Ry i ey ﬁt“_.___:r.- '
L3 3 L L 3 L L B 8 <
iy 11;!111;1111*;411&._,1-*" "n..H1_-..-._-_1HiHpﬂtpiiiﬂtﬂtﬂiﬂtﬂiﬂ.ﬂpﬂi o ._..FH.FH..""”.FH._.” _-u.._”i”i 1_-_”_.l
" I S U r na  ip
- I It S R W S P S L L T VL iy,
. A T A NS NI i R R L RN HE HE N A T S T N S UL B NENE B0 A0 A A S S e e N R -
.-_-l”ii_r.._-..._'1.'._.._.1__._.r_r.._I_____..rp4-.1..;....._.1;1..1._{;11._.11;1;-___. tt...._.iip.-..” A e T e e e e -
L R A p.r.-.ﬁﬂ._l- Rt T o T L L L i R e iy R iy
LA S N T HE NE U0 HE N0 T S NN e I e WA VL I 0 N0 B0 SV T U U TR M NN U U B NV e e N N A
T P L T T A R R A A R R
A N I N O A A b T e e )
T i i e L PV T T T T T T T T T T e
O A L N A N e R P P T I A S R R R R APV F AP,
LU A e MO LA S L AL A A LR R
A e e e " R bl b b R s s
[ ] [ ] L ] =L - - =L L B N 8 - L BE K B 3 -
- PR P i e P L P i
- LA N N I S L A
i L T T e T L A e e R APVt
I S WE N L N U L T HE N W U U N N N B WG U
R e T T T T T T T T T T T T T T T
P A e et T L G S i e R PVt
G O R A LI L T HE T N0 B0 N U U L ek TN HE N L e E O N BN B G U e I
i iy i O S I e R e P Ty
i T T T T e
W R N HE I B U U L G G NN U T L N NN N N B NG N Y
T M T By By T T e T T T e
UL L L HC I C NG S R R I N N e I N N G L L N ME MK A A A A L i
=L <€ wl =L L =L =L =L =L =L [ Y
.ﬁiﬂfup +1H+Hi...1ﬂ+ﬂ..”p”+”1”..”r N .u“””..” ”srlﬂiniﬂi Hr”i ._.in._r“i”__ﬁf”i”i”i”i”i 1+H1H1 1+H1H1 pfﬂiﬂiﬂ.r”i”i”iﬂiiiﬂiﬂi T =T Al
A e L e R pA o R el kg a o R
R P e o W) A B R R e R R R R A R R AR Rk R R R R
AN A e L L Tt e M A A |
AR L N NG N e L N L0 U L UL HEHE O HE M U N TN N N NN N U T N N B A e
R R R B Rk i R R R Rk kT T T T T T e
A T e T o T e N U e e R R it
LA S T 0 NE O T HE U IO OV N U DN O IR N VR L L IR HEHE HENE B U N N N B N S e S R
T T T T T T T T T T T T T T T T T T T T T T e N T T T
L I N T e i R R i L R
e N L I N L A e A N L M S A S AN A - )
e T T T T T T T T T R T T T T T T T T T T T T -
N e S b e e b i -
- e L N 0N Nt U U HE HE HE N S U e N N N0 N0 N U S T N0 S U e T NG N N N N LA St
A B T e S s -
s i b T P L P e
R e N G U U L L R N T G U U HE TN N N NS e N N N0 N N U e N NN B0 N e A M A N = )
T AT R R R R R R R R R R R R R R R R R R R R R R R R R R R R -
T T T T T T T T T T T T e -
LS T HEHE HEHE B U S HE N HEHE HE NV T R N NG U U L N HE HE THE NG WG HE N U B VN S L e N W N
R A L L L L L L R S I A et
- v R T R R T P T L P
Y R M AL ML A NS AL M
e T T T T T T T T T T T T T T T T e T T T T T T ey
e LS T B R R Rt e i Pt L Pl A L e e i i
CSC K S * L T HE UL T N0 N0 U N R N R NG R U U N N N N NG U U UE N N N N N AR I N N BN VR AR S A W -
e B LY
e B R e R g e aT E
ENC Y PR 0 U S L HEHE W O S e N U U L T e HE E N0 S L et N N N e S Y
PSS ) L L S R R N L ™)
L R L e I T T T T
N NG VR S S e T HEHE N R T A NE NE NE SR S S NG N N A e i e e e e e it A e e i)
A e o L L L )
LS L P N N S SR e N N A _-._rl_.-r..:_.ﬁi_._.1.:_.__Fia_.i.:_..::_._-_.._._.1_r._..:r1*1*111111*1#*1**111.—.
e S S S S e N N Ny L I UE N0 S T T N NN N U U e R N N N S S e S it i e e it
o T T P e
e e e T D T T T e P PP P
N ) LN L WE T o S T O Tt N S U N N N O S A S S A T SN0 U S HE HE U N SR R 0
-_u_..i._:r._..- T T T T T T T T T T T T T T T T T T T T R S e T Ty
) L O N Sl S R e i e T T L A S R R A A At e T S T R
EAC L . R R R R R R R R R e e R R R R R R R
e - e T T T T T e T T T T e
A e ey e T e e e
L N ) N S S S SO A S L S B S S S S N N S S S S L S S )
LI ap _..._.-.r_r._.__..._.__-_.r_.....____.._._...__._r._._...-_ni_r.-.-.._._-_.__._-.-_.-.-ll-l....-.- R B e R e R e R e e




	Front Page
	Specification
	Claims
	Drawings

