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ABSTRACT

A new species of permineralized gymnosperm stem is described from volcaniclastic
tuffs in Lopingian (late Permian) Xuanwei Formation from eastern Yunnan province,
China. The stem comprises well-preserved tissues of the pith, primary and secondary
xylem. Pith is divided into a thick-walled parenchymatous peripheral zone and an
inner parenchymatous part. Primary xylem strands are numerous and indistinct with
mesarch maturation. Secondary xylem is pycnoxylic with scalariform bordered pits on
radial tracheid walls, with rays normally uniseriate or partly biseriate. Cross-field pits
are mixed and including circular, elliptical and scalriform pitting. Comparisons
indicate a close affinity with the contemporaneous plant Xuanweioxylon scalariforme,
but differences with it lead to the erection of the new Xuanweioxylon damogouense sp.
nov. We evaluate the systematic affinity of both species of Xuanweioxylon and
conclude they represent conifers based on features of their wood anatomy. We
consider the Xuanwei Formation includes at least four species of conifer, and show
that X. damogouense possessed weak growth rings and false rings that suggest it grew

in a climate with low seasonality and occasional periods of drought.

1. Introduction

Fossil woods are important in the geological record in providing valuable
information to help determine the organization, structure and habit of woody plants in
the past and also providing a key line of evidence for palaeoclimate analysis. In

addition, fossil woods can also help determine the composition of vegetation in
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geological history (Zhang et al., 2006; Wang et al., 2011; Wei et al., 2016). In China,
approximately 60 species belonging to 35 genera of gymnospermous wood have been
recorded from the Permian (Li and Taylor, 1998, 1999; Wang et al., 2003, 2009, 2011;
Zhang et al., 2006, 2007; Hilton et al., 2009a,b; Seyfullah et al., 2009; Feng et al.,
2010, 2011, 2012; Feng, 2012; He et al., 2013; Shi et al., 2014; Wei et al., 2016; Wan
etal., 2014, 2016, 2017a,b,c). Most of these accounts come from the northern China
palaeo-landmass, and with no more than 10 species to date identified from the
southern China palaeo-landmass.

Here we described a new species of gymnospermous wood that was collected
from the upper Permian of Yunnan Province, southwestern China. Through detailed
comparisons, we assigned it into Xuanweioxylon (He et al., 2013) and establish the
new species X. damogouense. The discovery of this new species not only
complements the anatomical characteristics of Xuanweioxylon, but also provides
information on the palacoecology and diversity of conifers from the Xuanwei

Formation in the run up to Permian/Triassic mass extinction (Neregato et al., 2016).

2. Material and methods

Two permineralized specimens (numbered YNUPB11002 and YNUPB11003)
were collected from the Xuanwei Formation (Lopingian; late Permian) of the
Damogou coalfield and Qinyun coalfield, Fuyuan County, Yunnan Province (fig. 1).

The Xuanwei Formation was deposited during the late Wuchipingian to
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Changhsingian stages of the Permian period, approximately 260-251 Ma (Wang et al.,
2011).

Both specimens were cut to reveal cross, longitudinal and tangential sections
using a rock saw with a diamond blade. Cut surfaces were then then prepared by the
acetate peel method (Galtier and Phillips, 1999). Grinding was undertaken with #400
and #600 grade carborundum. Ground surfaces were etched in 5% HCL to leave the
organic contents exposed on the etched surface. Peels were mounted on glass slides
with coverslips using Canada Balsam. Photography was undertaken on an Axio
Imager A2, and Nikon D3X digital camera with AF—S Micro 105mm 1:2.8 GED lens.
Scanning Electron Microscopy (SEM) was undertaken at Yunnan University. Figures
were constructed in CorelDraw. The specimens, peels and slides are deposited in the

Institute of Deep Time Terrestrial Ecology of Yunnan University, China.

3. Systematic palaeobotany

Phylum Coniferophyta (Serbet et al., 2010)

Genus Xuanweioxylon He, Wang, Hilton et Shao, 2013

Type species: Xuanweioxylon scalariform He, Wang, Hilton et Shao, 2013
Species Xuanweioxylon damogouense sp. nov. (Plates I-V)

Holotype: YNUPB11002

Paratype: YNUPB11003

Depository: Institute of Deep Time Terrestrial Ecology, Yunnan University,
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Kunming, China.

Collecting locality: Damogou coalfield and Qinyun coalfield in Fuyuan County
of Eastern Yunnan Province, China.

Stratigraphic horizon and age: Xuanwei Formation, Late Wuchiapingian to
Changhsingian stages, Lopingian series, Permian period (Wang et al., 2011).

Etymology: The specific epiphet damogouense is derived from the fossil location
of Damogou coalfield, Yunnan Province.

Diagnosis: Gymnosperm wood with pith divided into two parts: thick-walled
parenchymatous peripheral zone and parenchymatous central part. Sclerenchymatous
cells absent. Primary xylem elements numerous and indistinct, maturation mesarch.
Secondary xylem pycnoxylic, mainly with uniseriate scalariform bordered pits on
radial tracheid walls. “Leaf gaps” absent. Ray cells homogeneous, uniseriate and
partially biseriate, 1-13 cells high. Cross-fields with 3—19 circular, oval, polygonal

and scalariform bordered pits with the pores nearly horizontal.

4. Description

4.1. General features

The species is represented by two decorticated stems in which the pith, primary

xylem and secondary xylem are preserved. The two specimens vary in size from

which the larger specimen (YNUPB11002; Plates [-1V) has a preserved length of c.
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65 mm and an incomplete diameter in cross section of ¢. 68x126 mm (Plate I, 1). The
smaller specimen (YNUPB11003; Plates V-VI) is 40 mm long and c. 12x14 mm in
diameter in cross section (Plate V, 1). According to the preserved extent of the large
stem, it is estimated that its entire diameter may be more than 20 cm. In the following
account, we describe the specimens separately in order to characterise each first

before considering their variation.

4.2. Specimen YNUPB11002

This is the larger of the two specimens described.

4.2.1. Pith

The pith is oval in the cross section, c. 12x18 mm in diameter (Plate I, 1-2) and
is divided into a peripheral zone and central parenchyma region (Plate I, 3). The width
of the peripheral zone varies slightly at different levels and is absent in some areas
due to poor preservation. Cells of the peripheral zone are normally thick-walled
parenchymatous and circular, oval and polygonal in cross section (Plate I, 3—4). The
diameter of the thick-walled parenchyma cells decreases gradually in cross section
from the inner part where they are 115x142—127x137 um to 41x46—45x53 um in the
outer part (Plate I, 3—4). Secretory cells are scattered across the peripheral zone (Plate
I, 4) and are circular, oval and polygonal. The secretory cells usually contain

dark-coloured contents and form a discontinuous band located close to the internal
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parenchyma region of the pith. In longitudinal section, the thick-walled parenchyma
cells are usually longitudinally elongated (Plate I, 5), and many of them have circular
pits on the walls (Plate I, 8).

The central parenchymatous region of the pith is composed of parenchyma cells
that are isodiametric, polygonal and oval in cross section (Plate I, 6). Parenchyma
cells are from 43x44-44x50 pm to 152x183—177x185 um in diameter in cross section.
In the longitudinal section, parenchyma cells usually are polygonal and rectangular
and somewhat longitudinally elongated, but some of them are square, circular or even

horizontally elongated (Plate I, 7).

4.2.2. Primary xylem

In cross section, primary xylem strands are indistinct as they are small, low and
are almost at the same level with the innermost secondary xylem (Plate II, 1-3).
Primary xylem strands are numerous but the exact number is unknown due to
incomplete preservation of the stem. The primary xylem is mesarch (Plate II, 3) and in
some places double primary xylem strands can be seen (Plate ?, ?). In longitudinal
section, there are helical and scalariform thickenings on the primary xylem tracheid

walls (Plate II, 4).

4.2.3. Secondary xylem
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The secondary xylem is pycnoxylic, consisting of rays and tracheids. Growth
rings are very weakly developed (Plate 111, 1); a few false rings occur where they are
formed by bands of broken tracheid walls (Plate II, 5-6).

In cross section, tracheids are sub—circular, square, rectangular with tangential
dimensions larger than radial dimensions, or flat with tangential width smaller than
radial width (Plate II1, 2). Tracheid diameters varies from 29%25 to 79x62 um. Rays
are normally uniseriate, occasionally partly biseriate. Ray cells are rectangular, 17-82
um in radial direction and 10-34 pm in tangential direction. There are no pits in the
horizontal wall of ray cells. Rays density is 3-10 rays per mm”.

In radial section, tracheid end walls are blunt and occasionally straight. Pitting on
the radial tracheid walls is normally uniseriate scalariform (Plate III, 3—6). The width
of the bordered pits is ¢. 9-37 um and their height is c. 4-8 pum. Pits are usually
located in the middle part of the tracheid, covering about 1/3 to 5/6 of the tracheid
width. Occasionally, there are uniseriate oval or circular (Plate III, 7), or bi— to
multiseriate opposite (Plate III, 8-10) bordered pits on the radial tracheid walls. Pits
are usually contiguous. Ray cells are rectangular with thin walls. The horizontal walls
of ray cells are often slightly wavy, and tangential walls are vertical or oblique (Plate
III, 11). The cross-field show circular, oval, polygonal and scalariform bordered pits
(Plate IV, 1-6); oval bordered pits are dominant, followed by scalariform bordered
pits, while circular and polygonal bordered pits are rare. When the cross-field is
occupied only by oval bordered pits, they are small and crowded, numbering about

5-19 with nearly horizontal apertures, and 3x4 to 12x15 um in diameter. When the
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cross-field pits are occupied only by scalariform bordered pits, they number about 36,
each with diameters varying from 3x13 to 8x33 pum. Circular and polygonal bordered
pits are rare and they are randomly distributed in the cross-field.

In tangential section, tracheid end walls are apiculate or partly straight.
Individual tracheids are bent to varying degrees, and ornamentation on the tangential
tracheid walls is absent. Rays are normally uniseriate and some are partially biseriate
(Plate III, 12, 13) and 1-13 (typically 1-7) cells high. The width or tangential
diameter of ray cells is 23—-56 pm (mean = 36 pm, n = 50), while their height ranges

from 18-61 um (mean =42 um). Pits are absent on the walls of ray cells.

4.3. The smaller stem (YNUPB11003)

Features of this specimen largely agree with those of the larger stem. This stem is
c. 40 mm long and c. 12x14 mm in diameter in cross section (Plate V, 1). In cross
section, the pith consists of oval or isodiametric parenchyma cells with some
secretory cells. In the middle of the pith, there is a band composed of broken cell
walls (Plate V, 2). In longitudinal section, parenchyma cells are usually longitudinally
elongated (Plate V, 3, 4). The primary xylem is indistinct and mesarch (Plate V, 5, 6),
and secondary xylem is pycnoxylic (Plate V, 7) with uniseriate or occasionally bi— to
multiseriate scalariform bordered pits on the radial tracheid walls (Plate V, 8, 9). Rays
are normally uniseriate and partly biseriate. The cross—field pits are well-preserved,

with oval, circular and scalariform bordered pits (Plate V, 10—-12).
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5. Discussion

The two stems investigated have common features allowing them to be
considered as a single species including indistinct primary xylem strands, absence of a
“leaf gap” in the secondary xylem, scalariform bordered pits on secondary tracheid
walls, and well developed pits in cross-field. The larger specimen has an estimated
diameter of >20 cm if it was completely preserved, suggesting it was a trunk or a
large lateral branch of a larger tree. However, the small specimen has a stem diameter
only 12x14 mm and while the external tissues are absent, was either a small trunk or a

lateral branch of a larger tree.

5.1. Comparisons

The genus Xuanweioxylon was established by He et al. (2013) based on
permineralized gymnosperm stems collected from the Lopingian of Panxian district,
Guizhou Province, China, a short distance from the present locality (Fig. 1). The main
features of Xuanweioxylon are that it possesses a heterocellular pith, which consists of
parenchyma cells, transfusion tissue and sclerotic cells, and is divided into central part
of thin-walled parenchymatous cells and peripheral part of thick-walled parenchyma
cells. In X. salariforme primary xylem strands are numerous, secondary xylem is

pycnoxylic and possesses scalariform bordered pits on radial tracheid walls
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throughout the secondary xylem. The features of the specimens described here
conform to these characters and allow their assignment to Xuanweioxylon.

Xuanweioxylon is monotypic and includes the sole species X. scalariforme.
Although our specimens are quite similar to X. scalariforme, there are obvious
differences between them. Firstly, in the pith of our specimens lacks
sclerenchymatous cells but they are present in X. scalariforme. Secondly, the primary
xylem strand in our specimens is indistinct and the margin between pith periphery and
xylm is smooth without any projections of the primary xylem strands (Plate II, 1-3;
Plate V, 5, 6), while the primary xylem strand of X. scalariforme is distinct and forms
a triangle that extends into the pith (Plate VI, 1-3). Thirdly, cells of the peripheral
zone of the pith are isodiametric in our specimens while they are mostly radially
elongated in X. scalariforme, especially in places where the primary xylem strand is
present. Fourthly, our specimens lack a “leaf gap” in the secondary xylem (Plate VI,
4-6), but in X. scalariforme “leaf gaps” are well-developed and obvious. These
differences indicate that the present specimens differ from X. scalariforme, leading to
the establishment of Xuanweioxylon damogouense sp. nov.

As outlined above, Xuanweioxylon damogouense had a diameter of > 20 cm if it
was completely preserved, suggesting it was a trunk or a large lateral branch of a
larger tree. However, Xuanweioxylon scalariforme has a stem with the diameter of
only 2.8 x 3.2 cm, being much smaller than X. damogouense sp. nov. and was
probably a small tree or a lateral branch of a larger tree.

He et al. (2013) made a detailed comparison between Xuanweioxylon and other
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gymnosperm stems with scalariform pits on secondary xylem tracheid walls; this
information will not be repeated here as with the addition of a second species the
same features still distinguish Xuanweioxylon from these taxa. Recently Wan et al.
(2017c¢) described a gymnosperm wood, Yangquanoxylon miscellum, from the Upper
Pennsylvanian—lower Permian Taiyuan Formation of Yangquan City, Shanxi Province,
North China. Y. miscellum shows scalariform pits on secondary xylem tracheid walls
and mixed pits in the cross-fields, however differing from Xuanweioxylon. While
scalariform pits in Y. miscellum are only occasionally present, in X. damogouense the
scalariform pits are present on nearly all secondary xylem tracheid walls, and the
mixed pits in cross-fields are mainly bordered. The mixed pits in cross-field in Y.
miscellum are mainly simple. Thus Y. miscellum is obviously different from

Xuanweioxylon.

5.2. Affinity of Xuanweioxylon damogouense

He et al. (2013) discussed the systematic position of X. scalariforme and
considered it to be a coniferophyte of uncertain systematic affinity. In the secondary
xylem of our specimens, there are some bi- to multiseriate opposite, circular to
elliptical pits on radial tracheid walls, and the pits in cross field possess nearly
horizontal pores. This suggests that Xuanweioxylon is a conifer, rather than a
cordaitalean plant in which pits on radial tracheid walls of secondary xylem are

typically alternatively arranged and the pits in cross-field possess oblique pores
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(Wang et al., 2003; Hilton et al., 2009a, b).

Previous palaeobotanical studies from the Xuanwei Formation have documented
four species of conifer from compression/impression fossils. These comprise leaves of
Podozamites lanceolatus (L. et H.) Braun and P. permica Zhao, Ullmannia bronnii
Goeppert and Ull. cf. bronnii Goeppert (Zhao et al., 1980; Zhao, 1990; Tian et al.,
1993). In addition, interpreting Xuanweioxylon scalariforme as a conifer (see above),
four species of conifer wood have also been reported from the Xuanwei Formation.
These comprise Walchiopremnon gaoi Tian et al. (1993), Xuanweioxylon scalariforme
He et al. (2013), X. damogouense sp. nov. and Parapodocarpoxylon huopuense He
(2013). At present, there is no anatomical or co-occurrence data to help associate any
of these conifer species with other conifer species from the Xuanwei Formation to
develop whole-plant relationships (Bateman and Hilton, 2010). Furthermore,
taphonomic studies of the fossil plant-bearing tuffaceuous sediments from the
Xuanwei Formation remain in their infancy (e.g. Neregato et al., 2016), also not
offering additional evidence of whole-plant reconstructions (Bateman and Hilton,
2010). The available evidence from adpression/impression foliage species and
permineralized wood species demonstrate that at least four species of conifer were

present in the Xuanwei Formation.

5.3. Environmental implications

Growth rings refer to a growth layer of wood and bark in cross section of a trunk
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that represents a layer of wood and bark produced during a growing period. Growth
rings are an important tool to help evaluate palaeoclimate and tree habit (e.g., Creber
and Chaloner, 1984; Ash and Creber, 1992; Schweingruber, 1992; Zhou and Jiang,
1994; Falcon-Lang et al., 2000a,b; Brea et al., 2008, 2011; Wan et al., 2017c¢).
Through the study of the growth rings, growth conditions from the region in which
the tree grew can be deduced including also information on season (Creber, 1977;
Wan et al., 2017c). Growth rings are often formed on trees when the seasons vary
significantly. During the early stages of the growth season, as the light intensifies and
temperature generally raises, cambial activities increases forming early or spring
wood that has larger diameter of tracheid with thinner walls (Creber and Chaloner,
1984; Zhou and Jiang, 1994). Early or spring wood has a lighter colour. By contrast,
in the late stages of a growth season as the light weakness and temperature generally
decreases, cambial activity slows and forms late or summer wood that has smaller
diameter of tracheids. These thicker cell walls produce a dark colour (Creber and
Chaloner, 1984; Zhou and Jiang, 1994). Such features can be readily identified in
permineralized fossil woods. Change in growth ring colour, cell thickness and cell
wall thickness can reflect fluctuations in dryness, temperature and other
environmental factors during the period of plant growth (Zhou and Jiang, 1994; Shi et
al., 2015, 2017). By contrast, absence or weak growth rings could indicate that the
environmental factors affecting the growth of plants in the growth period is small,
having less noticeable seasonality. In our specimens, the growth rings are very weakly

developed (Plate III, 1), which indicates that variation in environmental factors that
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affected plant growth when it was alive was small, thus, suggests low seasonality.
Both specimens of Xuanweioxylon damogouense have faint false rings which are
normally 1-5 cells wide and discontinuous. False rings are formed by the short-term
environmental disturbance during the growing period of a tree. Disturbance to growth
can be caused by phenomena such as flood, pathogen or insect attack, drought, light
availability, wind or fire damage and temperature fluctuations (Creber and Chaloner,
1984; Weaver et al., 1997; Falcon-Lang, 2003; Wan et al., 2017¢). During the Permian
period, the Southern China tectonic plate was located in the region between the
tropics and subtropics, with a seasonal rainforest developing under a temperate and
humid climate (Tian and Zhang, 1980; Shen, 1995; Tian and Wang, 1995; He et al.,
2013). The structure of the false rings in X. damogouense were most likely caused by
temporary drought during the growing period (Wan et al., 2017c). However,
considering the abundance of volcanic ash horizons in the lower member of the
Xuanwei Formation (Wang et al., 2011; Neregato et al. 2016), this could also
represent episodes of volcanic activity influencing environmental conditions that in
turn disrupted plant growth, for instance by producing gaseous emissions or ash fall
events. Detailed palacoenvironmental analysis of the tuffaceous units in the Xuanwei
Formation are now required to further assess the causal mechanisms of climate

change during the deposition of the Xuanwei Formation.
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489  Figure and plate captions

490

491  Fig. 1. Left—Outline map of China showing province positions and with box showing
492  border area of NE Yunnan Province and SW Guizhou Province. Right—enlargement
493  of box area to show collection locality in black square (Figure modified from He et al.,
494 2013).

495

496  Plate I. Xuanweioxylon damogouense sp. nov. from the Lopingian of southwestern
497  China. Holotype, YNUPB11002. 1-4, 6 in cross section, 5, 7, 8 in radial section. 1.
498  Tissue of the pith (P) and secondary xylem (SX). Area in the box is enlarged in Plate
499 II, 5. Bar = 1 cm. Slide YH-0100. 2. Pith with central part (CP) and peripheral zone
500 (PZ). Bar =2 mm. Slide YH-0100. 3. Pith central part (CP) and peripheral zone (PZ).
501  Bar =200 pm. Slide YH-0101. 4. Secretory cells in the peripheral zone of pith. Bar =
502 200 um. Slide YH-0101. 5. Longitudinally elongated thick—walled parenchyma cells
503  of the peripheral zone of pith. Bar = 100 um. Slide YH-0104. 6. Parenchyma cells in
504  the central part of pith and the residual cell walls (arrows). Bar = 500 pm. Slide

505  YH-0101. 7. Parenchyma cells of the central part of pith and the residual cells wall
506  (arrows). Bar = 500 um. Slide YH-0105. 8. Thick—walled parenchyma cells of the
507  peripheral zone of pith with circular pits (arrow) on the walls. Bar = 20 um. Slide

508 YH-0104

509

510  Plate I1. Xuanweioxylon damogouense sp. nov. from the Lopingian of southwestern



511

512
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514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

China. Holotype in cross section except 4 that is in radial section. 1. Three indistinct
primary xylem strands (arrows). Bar = 100um. Slide YH—0100. 2. Indistinct mesarch
primary xylem strand (arrow). Bar = 50 um. Slide YH-0100. 3. Mesarch primary
xylem strand (arrow). Bar = 50 um. Slide YH-0102. 4. Helical and scalariform
thickenings on tracheid walls of the primary xylem. Bar = 20 pm. Slide YH-0104. 5.
Discontinuous false rings in the box indicated at Plate I, 1. Bar = 2 mm. Slide

YH-0100. 6. A false ring. Bar = 100 um. Slide YH—-0100.

Plate 111. Xuanweioxylon damogouense sp. nov. from the Lopingian of southwestern
China. Holotype, 1, 2, 12 and 13 in cross section, 3-11 in radial section. 1.
Discontinuous and inconspicuous growth ring (arrow). Bar = 2 mm. Slide YH-0101.
2. Tracheids and uniseriate rays of secondary xylem. Bar = 100 um. Slide YH-0103. 3.
Uniseriate scalariform bordered pits on the radial tracheid walls of secondary xylem.
Bar = 20 um. Slide YH-0104. 4. SEM image of the secondary xylem showing
uniseriate scalariform bordered pits. Bar = 100 um. 5-6. SEM photos of the secondary
xylem, showing uniseriate scalariform bordered pits. Bars = 50 um. 7. Uniseriate oval
bordered pits on radial tracheid walls. Bar = 20 um. Slide YH-0104. 8. Uniseriate to
multiseriate scalariform bordered pits and oval bordered pits on tracheid walls. Bar
=10 um. Slide YH—O0111. 9. Uniseriate to triseriate scalariform bordered pits on
tracheid walls. Bar = 10 pm. Slide YH-0106. 10. Uniseriate to triseriate scalariform
bordered pits on tracheid walls. Bar = 10 pm. Slide YH—-0132. 11. Parenchyma cells

of the ray. Bar = 50 pm. Slide YH-0106. 12. Uniseriate rays. Bar = 200 um. Slide
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YH-0107. 13. Uniseriate and partly biseriate rays. Bar =200 um. Slide YH-0107.

Plate IV. Xuanweioxylon damogouense sp. nov. from the Lopingian of southwestern

China. Holotype in radial section. 1-6. Variation in cross-field pits. Bar = 20 um.

Slide YH-0104.

Plate V. Xuanweioxylon damogouense sp. nov. from the Lopingian of southwestern
China. Paratype with 1, 2, 5-7 in cross section 3, 4, and 8 in radial section. 1. Tissue
overview including pith (P) and secondary xylem (SX). Bar = 1 mm. Slide YH-0240.
2. Pith cells. Bar = 1 mm. Slide YH-0240. 3. Longitudinally elongated thick—walled
parenchyma cells of pith’s peripheral zone. Bar = 40pum. Slide YH—-0241. 4.
Parenchyma cells of the pith. Bar = 40 um. Slide YH-0241. 5. Indistinct primary
xylem strand (arrows). Bar = 200 pm. Slide YH—-0240. 6. Mesarch primary xylem
strand (arrow). Bar = 50 pm. Slide YH—-0240. 7. Tracheids of the secondary xylem.
Bar = 40 pm. Slide YH-0240. 8. Uniseriate scalariform bordered pits on radial
tracheid walls of secondary xylem. Bar = 20 pm. Slide YH-0241. 9. Uni- to triseriate
scalariform bordered pits. Bar = 20pm. Slide YH-0241. 10-12. Cross—field bordered

pits. Bars = 20 um. Slide YH-0241.

Plate V1. Xuanweioxylon scalariforme He et al. from the Lopingian of southwestern
China. All Bars = 200 pm unless otherwise stated. 1. Primary xylem strand (arrows).

Slide WP2L—-0077. 2. Primary xylem strand (arrows). Slide WP2L—-0076. 3. Primary



555  xylem strands (arrows). Slide WP2-0085. 4. “Leaf gap” in the secondary xylem. Bar
556 =100 um. Slide WP2-0085. 5. “Leaf gap” in the secondary xylem. Slide WP2L—-0076.

557 6. “Leaf gap” in the secondary xylem. Slide WP2—-0085.



