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Abstract

Wood structure of three Nepalese genus Ulmus, Celtis and Trema belonging to the family Ulmaceae
are described. Altogether 12 wood samples of these three genus are collected from different localities
and studied. The study showed ring porous, semi-ring porous or diffuse porous wood. Transition from
early wood to late wood was abrupt in ring porous wood. Early wood pores one to three layered. Late
wood pores arrangement in dendritic or ulmiform pattern. Perforation plate is simple and inter-vessel
pit alternate. Fiber tracheids, tracheids and libriform fibers were non-perforated tracheal elements
while wood parenchymatous cell was apotracheal, marginal and paratracheal. Rays were homo-or
heterogeneous. Ulmus differs from Celtis in having ray structure and crystal location. A tentative key is
prepared to identify the species based on wood character.

Keywords: Identification, Tentative key, Ulmiform pattern, Vascular tracheid, Wood character

Introduction

Ulmaceae consists of deciduous, semi-deciduous or
evergreen trees and shrubs distributing in the tropics,
subtropics and temperate regions in both the northern
and southern hemispheres (Hooker, 1973). There are
16 genera and about 230 species in the world (Flora
of China, 2003). Most of the species are of economic
value for either their timber (Ulmus, Celtis), wood
pulp (Trema) or as ornamental tree. Previously the
family is treated into two subfamilies, the Ulmoideae
and the Celtidoideae. Recently Celtidoideae is treated
as a separate family Celtidaceae by many authors
suggesting that the genera in the Celtidoideae are
more similar to Moraceae than in the Ulmoideae
(Chernik, 1975; Grudzinskaya, 1967; Oginuma et
al., 1990; Takahashi, 1989; Takao & Tobe, 1990;
Tarabayashi, 1991).

In Nepal there are 4 genera and 10 species belonging
to family Ulmaceae (Hara et al., 1982). Among them
three genera and eight species are examined in the
present study. The genera investigated are Celtis
(2 spp.), Trema (3 spp.) and Ulmus (3 spp.). While
surveying the literature on earlier study dealing
with wood anatomy of Ulmaceae, few number of
publications by Tippo (1938), Metcalfe & Chalk
(1950), Sweitzer (1971), Stern & Sweitzer (1972),
Cheng et al. (1980), Person & Brown (1981),
Kachroo & Bhat (1982), Yang & Huang Yang
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(1987), Luo (1989), Wheeler et al. (1989), Zhong
et al. (1992), Suzuki et al. (1999) and Joshi (1994)
are available.

Wood structure of Nepalese Ulmaceae as a whole is
not yet described. So the present study is undertaken
to highlight the wood structure of the Ulmaceae
native to Nepal and also attempted to prepare a
tentative key for the identification of the species
based on wood structure.

Materials and Methods

Twelve wood block samples of the genus Celltis,
Trema and Ulmus are collected (Appendix 1 and
2): Celtis tetrandra (No. 9194114, No. 9194131,
No. 9194150 and No. 9194227), C. australis (No.
905), Trema tomentosa (No. 9194116), T. politoria
(No. 9194249), T. orientalis (No. 9495082), Ulmus
chumlia (No. 9194242), U. lancifolia (No. 9194250),
U. wallichiana (No. 9194224 and No. 904). All the
samples except two samples no. 904 and no. 905
are collected from West Nepal. The rest two are
from Royal Botanical Garden, Kew and National
Herbarium Plant Laboratories (KATH), Godawari,
Lalitpur. All the voucher specimens have been
deposited in KATH. Light microscopic studies of
sections and maceration were carried out following
the methods of Baas and Xinying (1986). Vessel
density, vessel diameter, vessel element length, fiber
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element length and diameter, ray density, ray height
cells and some other characters are measured and
compared. A recommendation in the TAWA List of
Microscopic Features for Hardwood Identification
was followed (International Association of Wood
Anatomy [[AWA], 1989).

Results and Discussion

Quantitative wood characters of three genera Celtis,
Trema and Ulmus are given in Appendix 1 and 2.
Comparative wood characters are described as
follows:

Celtis L.

C. australis and C. tetrandra: Growth ring is distinct
because of marginal or seemingly parenchymatous
bands, inflated multiseriate rays and difference in
pore diameter between early wood and late wood.
Wood ring porous. Vessel transition from early wood
to late wood is abrupt in C. tetrandra and gradual
in C. australis. Early wood pores1-5 in C. australis
(Figure 1) and 1-3 layered in C. tetrandra (Figure 2)
oval or round in outline (30-264 um and 24-200 pm)
inradial and tangential diameters, respectively. Late
wood pores predominantly in clusters and associated
with tracheids forming more or less interrupted
wavy bands separated by fibrous tissue. The pore
cluster is in diagonal tangential band in C. tetrandra
(Figure 2) and in tangential festoon-like pattern in
C. australis. Length of vessel element are short to
long (100-912 um) with end walls horizontal to
oblique, and simple perforation plates. Inter-vessel
pits are alternate. Pit is polygonal or oval in outline
with lenticular apertures and non-vestured. Vessel-
ray and vessel-parenchyma pits are horizontally
or vertically elongated elliptical in outline (Figure
6), mostly simple or with reduced borders. Spiral
thickenings distinctly observed in late wood vessels.
Thin-walled and sclerotic tyloses are present (Figure
5), or absent in specimen no. 9194150.

Non-perforated tracheal elements are vascular
tracheids and libriform fibers. Vascular tracheids
integrating with late wood pores element are
abundant and in association with the vessel
parenchyma groups. Distinct spiral thickenings are

Vol. 20, No. 1

present. Libriform fibers are arranged in patches
and alternate with the pores clusters, oval, square
or polygonal in cross section and thin to thick-
walled (2-4 um in diameter). Pits small, confined
to the radial walls and simple or minutely bordered.
Fibers are medium to long (0.4-16 um). Axial
parenchyma are mostly paratracheal, vasicentric,
confluent and in concentric narrow to broad bands,
with late wood pores and vascular tracheids (Figure
2). Crystals are absent. Rays are heterocellular,
uniseriate and multiseriate. Ray density varies from
3-15. Uniseriate rays are 1-18 cells (48-720 um) in
height. Multiseriate rays are 2-9 cells (20-192 pum)
in width and 90-1000 pm in height. Uniseriate rays
are composed of upright or square cells. Multiseriate
rays are composed of procumbent ray cells and
uniseriate wings of upright or square cells. Sheath
cells are present. Simple crystals are noted in upright
or square cells and procumbent cells (Figures 3, 4
and 7).

Cox (1941), Grumbles (1941), Sweitzer (1971) and
Wheeler et al. (1989) mentioned diffuse porous
wood in evergreen species of Celtis and ring
porous wood in deciduous species. However, in the
evergreen C. tetrandra ring porous is found in the
present study. Similarly, deciduous or evergreen
trees from sub-tropical to tropical regions has
semi-ring porous to diffuse porous wood. Marginal
parenchyma bands have not been mentioned in the
previous wood anatomical description of Celtis
from China. But later Zhong et al. (1992) mentioned
the presence of marginal parenchyma bands in
Celtis from China. Wheeler et al. (1989) also noted
marginal parenchyma bands in Celtis from United
States. Similarly in the present study of two species
of Celtis, marginal parenchyma bands are noted.
Perforations with vestigial bars is not found in the
studied material as Sweitzer (1971) did in the ring
porous species.

Trema Lour.

T. orientalis, T. politoria and T. tomentosa: Growth
ring fairly distinct in 7. tomentosa (Figure 8 and
9), and T. orientalis (Figure 11 an 12), indistinct in
T. politoria (Figure 10) marked by the differences
in fiber wall thickness and diameter. Wood diffuse
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porous, Pores solitary, radial multiple of 2-4(-7),
rarely in cluster multiples of 2-4 and in oblique pairs,
oval rarely round in outline, 48-216 um and 48-168
um in radial and tangential diameters respectively
with thin to thick wall (2-7 um in diameter). Vessel
element length is short (270-330 um) in 7. politoria
to long 230-700 um in 7. tomentosa. Perforation
plates are simple with oblique end walls. While
inter-vessel pits are non-vestured, alternate, and
polygonal or round, and horizontally elliptical with
slit like aperture (Figure 13). Vessel-ray and vessel-
parenchyma pits with much reduced borders to
simple type; a half bordered varying size and shape,
small to large, round or angular or horizontally
elongated (Figure 14). Spiral thickenings are absent
and thin-walled tyloses are present (Figure 11 and
15). Vascular tracheids are absent. Librifom fibers
are more or less oval, square rectangular in outline
with thin (7" tomentosa) to thick (7. orientalis and T.
politoria) wall. Pits are simple to minutely bordered,
and confined to the radial walls. Fibers are medium
to long (0.3-1.3 um). Axial parenchyma is scanty
paratracheal. Apotracheal parenchyma very rare
and diffused (Figure 12). Cells are oval, square,
elliptical or tangentially elongated in outline and
thin-walled. Crystals are absent. Rays heterocellular,
uniseriate and multiseriate (Figure 16). Ray density
varies from 3-9. Uniseriate rays 1-16 cells (48-720
um) in height. Multiseriate rays 1-4 cells (30-108
um) in width and (144-912 um) in height and
uniseriate rays composed of upright or square cells.
Multiseriate rays composed of procumbent body ray
cells with marginal upright or square cells. Sheath
cells present. Crystals present in 7. politoria (Figure
14). Perforation present in ray cell of 7. orientalis
and 7. tomentosa (Figure 16 and 17).

Cheng et al. (1980) and Luo (1989) referred to
fibers in T. orientalis as fiber tracheid with distinctly
bordered pits. Yang and Huang-yang (1987) also
reported fiber tracheids in 7. orientalis. But in the
present study, libriform fibers has been observed
only with simple to minutely bordered pits which
is also observed by Zhong et al (1992) and Joshi
(1994). Yang and Huang Yang (1987) described
opposite inter-vessel pitting in 7. orientalis. But
Cheng et al. (1985), Zhong et al. (1992) and Luo
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(1989) observed alternate inter-vessel pits instead
of opposite. The present study also shows alternate
inter-vessel pit in 7. orientalis. Zhong et al. (1992)
found heterocellular type of rays in 7. orientalis.
But Sweitzer (1971) described uniseriate rays as
homocellular with procumbent cells. The result of
the present study is similar with that of Zhong et al.
(1992) findings.

Similarly, the observation of occasional presence of
crystals in axial parenchyma by Cheng et al. (1980)
and Luo (1989) and silica in the ray cells by Cheng
etal. (1985) have not been noted in the present study
and as well as by Sweitzer (1971), Yang and Huang-
Yang (1987) and Zhong et al. (1992).

Ulmus L.

U. chumlia, U. lancifolia and U. wallichiana:
Growth ring distinct (Figure 17, 18 and 19) marked
by marginal parenchymatous bands and inflated
multiseriate rays and moderate differences in pore
diameter. Wood ring porous. Vessels transition from
early wood pores to late wood pores are abrupt
(Figure 18 and 19). Early wood pore is 1-3 layers,
solitary, or in cluster of two, oval or round large
in outline 50-312 pm and 50-288 pum in radial and
tangential diameters, respectively, and thin to thick
walled (2-5 pm). Late wood pores predominantly
in clusters and in association with tracheids form
a continuous tangential in U. wallichiana (Figure
19 and 20) to diagonal wavy bands in U. chumlia
(Figure 21); small, oval or round in outline. Vessel
elements short (157-250 um). Perforation plates
are simple with horizontal to oblique end wall,
occasionally in side walls. Inter-vessel pits non-
vestured, alternate, polygonal, round or oval with slit
like aperture. Vessel-ray and vessel-parenchyma pits
are mostly simple or reduced, small and rounded.
Spiral thickening distinctly observed in late wood
pores but in U. lancifolia such thickenings are
present in both early and late wood pores. Thin
walled tyloses are absent.

Vascular tracheids are abundant in both early wood
and late wood pores. It is integrating with late
wood pores element and in association with the
parenchyma forms a concentric tangential band
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of late wood pores. Distinct spiral thickenings
are present. Librifom fibers are oval, square, and
polygonal or radially elongated, thin to thick-
walled (2-4 um diameter). Pits simple to minutely
bordered, confined to the radial walls. Fibers are
medium to long (0.3-1.7 pm). Axial parenchyma
mostly paratracheal, scanty, aliform, abundant in
early wood pores and less abundant in late wood
pores and mostly marginal to the tangentially
aligned clusters or concentric band of late wood
pores in U. wallichiana (Figure 19). Apotracheal
parenchyma is sparse, diffused in the fibrous tract
and marginal banded in U. chumlia (Figure 18).
Marginal parenchyma is absent in U. wallichiana.
Diamond shaped chambered crystals absent in U.
lancifolia and present in U. chumlia (Figure 21).
Rays are homocellular, uniseriate and multiseriate
but tendency toward heterocellular in U. chumlia.
Ray density varies from 5-13. Uniseriate rays are
1-16 cells (40-312 um) in height. Multiseriate rays
are 1-7 cells (20-120 um) in width and 40-888 mm
in height. Uniseriate rays composed of upright or
square cells. While multiseriate rays are composed of
procumbent body ray cells with uniseriate wings of
upright or square cells. Sheath cells present. Simple
crystals are present in U. wallichiana (Figure 22).

Perforated ray cell occur in U. walichiana (Figure
23).

Wheeler et al. (1989) and Zhong et al. (1992) also
mentioned the presence of marginal parenchyma
bands in U. lanceofolia. Spiral thickenings was
observed in U. lanceofolia throughout the body of
all vessel elements by Zhong et al. (1992).These
characters have also been noted in the present study.
Non-enlarged perforated ray cell and chambered
crystals are not observed in axial parenchyma of U.
lanceofolia whereas, Zhong et al. (1992) mentioned
the occasional occurrence of non-enlarged perforated
ray cell and chambered crystals in axial parenchyma.

General discussion

Ulmaceae are frequently divided into two subfamilies
Ulmoideae and Celtoideae. They are sometimes
separated into two families Ulmaceae and Celtidaceae
(Grudzinskaya, 1967). These subfamilial or familial
distinctions are supported by flavonoid chemistry
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(Giannasi, 1978), pollen morphology (Zavada, 1983)
and some anatomical structures (Sweitzer, 1971).
Typically, the Ulmoideae have flavonols strictly
pinnately veined leaves, and dry fruits; the Celtoideae
have glycoflavonols, pinnipalmately veined leaves
and drupaceous fruits. In this treatment Ulmus are
considered part of the subfamily Ulmoideae; Celtis
and Trema are in subfamily Celtoideae. Chemical
similarities between subfamilies include the
presence of proanthocyanins with some tannins and
scattered mucilaginous cells or canals. Additionally
members of the family possess solitary or clustered
crystals of calcium carbonate.

Although Ulmaceae as a family are diverse in wood
anatomy, there are many characters pervading the
entire group. These include mostly exclusively
simple perforations, alternate, non-vestured inter-
vessel pits, relatively short vessel elements and
fibers; non-septate fibers with simple to minutely
bordered pits confined to the radial walls; mainly
paratracheal parenchyma; rays rarely higher than
1 mm. However, two subfamilies, the Ulmoideae
and Celtidoideae of the family Ulmaceae can be
distinguished on the basis of differences in wood
anatomy, mainly in ray structure. Genera in the
Ulmoideae have exclusively homocellular rays or
a mixture of homocellular and heterocellular rays,
while genera in the Celtidoideae have heterocellular
rays. Sheath cells are absent from the Ulmoideae,
but are present in some Celtidoideae, particularly in
the wider rays. The genus Ulmus of Ulmoideae have
vessel-ray parenchyma pits similar to or slightly
smaller than the intervessel pits, while the genus
Celtis and Trema of Celtidoideae have vessel-ray
parenchyma pits of varying size and shape. However,
the promotion of the two sub families to family level
as suggested by Grudzinskaya (1967) and Chernik
(1975, 1980, 1981, 1982) is not supported by wood
anatomy, because of the many anatomical characters
common to both sub families.

The Ulmaceae, particularly the Ulmoideae, should
be considered specialized in their wood anatomy.
The characters include mostly simple perforation
plates, alternate inter vessel pits, relatively short
vessel elements and fiber, rays with a tendency to
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homogeneity, axial parenchyma occurring in groups
(aliform, confluent, confluent-banded, marginal
bands). Vessels are in a wavy tangential to diagonal
pattern and associated with vascular tracheids in
many species and storied structure in some species.
Wood anatomy does not support Giannassi’s (1986)
suggestions based on flavanoid chemistry that
Ulmoideae are primitive and relative to Celtidoideae.
Because the genus Trema (Celtidoideae) have
the most primitive wood anatomy of any of the
Ulamceae as their rays are totally heterocellular,
and they have the longest vessel elements. This
study supports the generally accepted placement
of Ulmaceae in the order Urticales. The Ulmaceae,
especially the Celtidoideae resemble Moraceae in
their wood anatomy, the features listed above as
characteristic of the Ulmaceae also occur in the
Moraceae (Tippo, 1938; Metcalfe & Chalk, 1950).
An effort is done to prepare a tentative key for the
identification of the genera of Ulmaceae native to
Nepal.

Generic wood anatomical key to Nepalese
Ulmaceae

A. Wood ring porous, rays heterocellular, sheath
cells present. Celtis
Al. Transition from early to late wood abrupt.

C. tetrandra
A2. Transition from early wood to late wood
gradual. C. australis

B. Wood ring porous or diffuse porous, rays
homocellular, sheath cells absent. Ulmus
B1. Wood ring porous, crystal present, tyloses

absent or present.

b1. Tyloses absent, marginal parenchyma
present. Crystal present in axial
parenchyma. U. chumlai
b2. Tyloses present, marginal parenchyma

absent, crystals present in ray cells.
U. wallichiana

B2. Wood diffuse porous and crystal absent.
U. lancifolia

C. Wood diffuse porous, vascular tracheid absent,
spiral thickening absent, rays heterocellular.

Trema
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C1. Tyloses present and crystal absent.
T. orientalis
C2. Tyloses present or absent, simple crystal
present in ray cell.
cl. Tyloses absent, vessel element length
short, marginal ray cell 1-8.
T. politorai
c2. Tyloses present, vessel element length
long, marginal ray cell 1-4.
T. tomentosa

Conclusion

Wood structure of eight species of Celtis, Trema
and Ulmus native to Nepal is characterized by,
1) exclusively simple perforation plates, 2) alternate
non-vestured inter-vessel pits, 3) relatively short
vessel elements and fibers, 4) non-septate fibers
with simple to minutely bordered pits, 5) mainly
paratracheal parenchyma, 6) medium to large rays.
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Figure 1&2(40X): .Cross section of C. australis (sp.no. 905) and C. Tetrandra (sp.no.9194227) showing early wood pores
and distribution pattern of late wood pores, Figure 3(100X): Tangential section of C. tetrandra (sp.no. 9194150) showing
crystals and sheath cells in ray cell, Figure 4(100X): Tangential section of C. australis (sp.n0.905) showing crystals in ray cell,
Figure 5(100X): Radial section of C. tetrandra (sp.no.9194114) showing tyloses in pores, Figure 6(400X): Radial section of
C. tetrandra (sp.n0.9194150) showing vessel parenchyma pit,ray vessel pit and procumbent ray cell, Figure 7(100X): Radial
section of C. australis (sp.n0.905)showing homogeneous ray cell and crystal, Figure 8&9(40X&400X): Cross section of 7.
tomentosa showing growth ring, diffuse porous wood, radial pores and tyloses, Figure 10(40X): Cross section of 7. politoria

(sp.n0.9194249) showing indistinct growth ring and diffuse porous wood
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Figure 11&12(40X&100X): Cross section of 7. orientalis (sp.n0.9495082) showing diffuse porous wood, tyloses, confluent
vescicentric paratracheal parenchyma and fairly distinct growth ring, Figure 13(400X): Tangential section of 7. tomentosa (sp.
n0.9194116)showing alternate vessel pit, Figure 14(100X): RLS of 7. politoria (sp.n0.9194249) crystal in upright ray cell,
Figure 15&16(100X): Tangential section and Radial section of 7. fomentosa (sp.n0.9194116) showing tyloses and crystals in
ray cell and heterocellular and perforated ray cell
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Figure 17(100X): Radial section of T orientalis (sp.n0.9495082)showing tyloses and perforated ray cell, Figure 18(40X): Cross
section of U. chumlai (sp.n0.9194242) showing dendritic arrangement of late wood pores, Figure 19(40X): Cross section of
U. wallichiana (sp.n0.9194224) showing festoon like tangential band of late wood pores and single layer of early wood pore,
Figure 20(40X): Cross section of U. wallichiana (sp.n0.904) showing three layer of early wood pore and its tangential pattern
of distribution, Figure 21(10X): Radial section of U. chumlai (sp.n0.9194242) showing chambered crystal in axial parenchyma,
Figure 22 (100X): Radial section of U. wallichiana (sp.no. 904) showing crystal in procumbent ray cell, Figure 23 (199X):
Tangential section of U. walliochiana (sp.n0.9194224) showing crystal in ray cell

111



Vol. 20, No. 1

Journal of Plant Resources (2022)

ouated [9SsaA ="Ted/A ‘I0JOWRIP [BINIOA = (JA ‘Jo)oWeIp [enuadue] = (1, JoIweIp [eIpey = (Y 9ION

nd [assaa A&y = A/g ‘nd BwIAy

mm-oHS 2-0”2 Y0£-6T -. - o.ﬁ..o.m oq Toun 888-S6 | 96-8¢ |[TIE-0TI ﬁ.:-o.m oHS-o”m PUPIO[eA ST
0€-0°01 {0€-0°01 [ 01T-0S | SI-0°01 | 0L-0T | 09-0T S1-0°01 0T1-08 | 888-96 | 96-vC | 88CT-TL | 001-0C | 001-0°S
S1-0'01) 0€-0°01 | 00T-0T | 0°01-0'8 [0€-0°01 | 0T-001 | 0°L-0°S 0CI-0¢ | 029-0v | 0C1-0T | OTT1-0S | 0601 0,0 BI[OJIOUE] s
0€-0°01 {0€-0°01 [ 00¢-0¥ | ST-0°01 | 09-0C | 0¢-SI 0L-0¢ €1-09 | 00¥-0¥I | 001-0C [ OVI-0F | 0'L-0'] 0L-0¢ elunyd snuwyn
0€-0'0T | 05-0T | 001-0C | 0€-0°01 | 091-0C [ 0€-0C 07-0'S 0607 | Tl6vpl | TL-8y | 0TL-8y | 91-0'1 0Z-0°01 erojjod ewarf
S1-0'8 | 0€-0C | 08-0¢ | 0T-08 |001-0T | O-S1 0CI-0% 08-09 [ TSS-891 | 801-8% | 89I-CL | 0°G-0CT | 00I-0°¢ BSOJUAWO) BUIAL,
SI-0°01 | 0€-ST | -L-0€ | 0T-001 | 661-S¢ | 0¥-0T 0°S 06-0€¢ [ O¥8¥PI | 0S-0€ | 09€-TL | 0601 7C-0°S SI[EJUSLIO BUIAL],
0Z-0'01 {0Z-0'01 [ OSI-O¥ | 0T-0CI | 09-0C | 0T-SI 07-0°¢ 0607 | Cl6vpl | TL-8y | 0TL-8y | 91-0'] 0Z-0'01
SI-0°01 | 0¢-ST | 0¥T-0¥ | 0T-0°0T | 09-0¢ | O¥-ST 91-0'¢ 0C1-0'01 | 0001-06 | 08-0T | 00¥-09 | 8I-0'1 0°L-0'¢ BIpUEI) ST
0Z-0'8 [0€-0°01 | 08I-0€ | O¥-0°01 | 0L-0T [0¥-0°01 106 TBIN-G | 0SL-0ST [ 06-0¢ | 00Z-0S 09-1 71-0'S ’
S1-0'8 | ST-0°0T | 0€1-0¥ | 0Z-001 | 0¥-0T | 0S-S1 LT1-0°S dog-¢1 0TL-891 | 8%-¥C [0¥CT-0TI| 09T Y-0'S
S1-0'8 | 6T%1 | 191-8¢ | SI-0°01 | IL-¥T | L9-61 81-1'C 0T1-06 [ 00¥C-88C | T6I-9L | 8TS-8y | ¢€I-0'] LI-¥'C Sensne sua)
aL aa (R aL aAa (k| Wy | mps [(w)yg | S[ed

(urm) nd A | Ky1suop Ay () () 31g spue[q AY) Jo dureN
(wmi) S99 JUAqUINI0AJ (w) S99 Jysradn ’ ’ Y UTE T skea deLIdsIU) aed/p

9Ba0RW () AJIWUEJ AU} JO SNuij) PUB DAL ‘S1yj2) SMUAZ oY) JO SA10dds AWIOS JO SI0j9IeYD poom dAneinueny) : 7 Xipuaddy

nd jassoa A8y = A/ ‘nd ewkyoudred [9sSo A ="TBJ/A IOIWRIP [BOIIA = (A IOISWRIP [BNUASUR] = ([, ‘IOJOUWEIp [eIpey = (TY 910N

080T [ C1] 861 | 8¢-61 [ 07T |0SLIST6] 61-001 |62001] - T6L | 00CHPL | STvC | 26196 [P9T-0C1 | Ol 706
- - - - - wﬁﬁ&oﬂzmg mSﬁﬂD
0501 |cr] 0¢ | 0z | 9¢ |osciose| <t S - 01 0SE-00C | ST |Pocwrl |TIc06l | 0LbC | vecrolo
070€ || <@ | € | v¢ |06s1009| <C 74 - 0SPT | 00608l | 7T | S8CPvl|8ST-¥hl| OLEl | 0SCH616 | enojiouef snwjn
0s0C |T1| < ST |PCCr]002-00e| o1 01 - STOTT | 0Sc0¢l | ST | 09105 | OL10S | 0¢SI | chiv6l6 BIUINYD S]]
00T [C1| @ | 91 | svc |oociomw | #l O [810T1| <105 | 0S€0LC | 0S-0C | 0¥I-09 | 06106 | 00SI | 6vCv616 eL0j1[0d a1
080T |C1| @ | 0t | vet |ooriose | s Ol | Sz06| 0105 | 00L0sC | LT |891-8F | 91209 | 0901 | O11¥616 | esojuawio} ewai]
090C |1 | PC0L | vC0L [9€FT | TI69LS | 61-0L |¥C001 [€c0Cl| 01-0L | 9Svwrl | 7T | 001-87 | 891-87 | 09SIT | C80S6V6 |  SIeNaLO ewai]
050C [C1| @ | 91 | Sc |owpiosy| oI Tl 61011 01-:0S | 00W08T | ¥C | OL1-08 | OLI06 | OLEC | LZthel6
060C |c1| o ST | 7S¢ 0091008 01 T | 6cel | 0L 006051 | <S¢ | 0Tibe | 9819 | 0ckl | 0517616 apuea s
08T |c1] oz | @ | <S¢ |oser0s9| | selc | oL 08001 | L#C | 00206 | 0vC-08 | 006 | 1€17616 :
09¢ |ct| #C | ST | #vc [0ovI-009] o1 bl | ¢S€ | 0105 | 1688 | 01-0S | #vI-+C | 881-8F | 0CIT | ¥lIv616
090¢ |1 |6z-001 | 641 | 090 | 69€1-95k | 61-0L |zzo01| - 05T | 00TkIl | 05HT | T61-96 | 497001 | Ot 506 SIENSNE SH2.)
TR aL | ad | Em | WewT | aL | astop A | L | @ w o
PUBLS/S[PI - _NM_M“W_EE (i) soqy woqr] 210 (wr) ud | pauay (wrl) J93o0.1EYD 2104 oy | wowmadg | 20 N

9BO0BWI[() AJIWIE} AU} JO Snulj) PU Duia.L] ‘S1ja)) Snuag Ay JO Sr0ads awos Jo S10j0eIeyd poom daneueny) : | xipuaddy

112



