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ABSTRACT

The localization of starch, lipid and protein, reidh the phloem and xylem cells of stem of Jadkfinees Artocarpus heterophyllus) has
been studied. The optical digital images of anatainfeatures and localization of nuclei and resenaterials were obtained by light
microscopy and fluorescence microscopy. Starchueann the ray parenchyma cells were more abundahe outer xylem close to the
cambium than in the inner xylem and phloem. Rddizlization of starch granules provided more cligta than transverse and tangential
observations. Lipid and protein appeared as depletl were uniformly distributed in the outer xylefhe parenchyma cells of phloem
have large amount of lipid bodies but those wemeoat absent in cambium and xylem ray parenchyms. ddie results on the localization
of storage starch, lipid droplets and proteinshfopm, cambium and xylem cells indicating that resenaterials might be important for
wood formation in jackfruit trees. This data woudd helpful for further study in tree breeding pamgrand clarification of the mechanism
of utilization of such reserve materials and tlistribution pattern within the cells.
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There have been several reports of variations in
levels and partitioning of storage starch, lipid
droplets, proteins in trees such asBetula pendula

™ Pinus sylvestris ®!; Juglans nigra and hybrid
Juglans major x J. regia © Pinus cembra [,
Quercus petraea and Fagus sylvatica ©. The data

in the cited studies indicate that levels of difsr
Artocarpus heterophyllus is now widely acceptet. reserve materials from phloem to xylem provides one
It is a fairly large sized tree, bearing largestitfr  of the key to a full understanding of growth and
among edible known fruits and produced very high development of trees.

quality timber that has a great market vaflielt is However, the histochemical changes of reserve
mostly cultivated in South and Southeast Asia. material in phloem and xylem cells @éftocarpus
Jackfruit is the national fruit of Bangladesh and heterophyllus trees are not fully understood.
Indonesia. It occupies an area of 29,306 hectaresTherefore, the present study has been undertaken to
having annual production of 31,200 tdfls It is an observe the localization of reserve materials in
evergreen tree growing height of 8-25 m (26-82 ft) different types of cells of phloem and xylem. The
tall at 5 years of age. The demand and market pricemain purpose of this study was to investigate the
of jackfruit wood is very high. Mainly the heartwsbo  anatomical features and histochemical changes of
of jackfruit is used as quality wood. The heartwood reserve materials from phloem to xylem cells. We
is formed from the regular conversion of sapwood. also showed the xylem and phloem cells regarding
The conversion of sapwood to heartwood is a naturaltheir autofluorescence in relation to deposition of
phenomenon of trees. There are some biochemicabifferent chemical contents.

and physiological activities involved during the
transformation process. The cambial zone encircled
through xylem and phloem. Conduction of food
materials by phloem cells and water conduction by Plant materialss Two jackfruit (Artocarpus
xylem cells occurs during tree growth and heterophyllus) trees, which were 50 years old that
development. Besides those, there are somewere growing in the field nursery of the Bangladesh
metabolites such as starch, lipid and protein alsoAgricultural University, Mymensingh, were used in

INTRODUCTION

Jackfruit belongs to the genustocarpus (family
Moraceae) which is one of the most important
tropical fruit trees. It has 3 botanical names, alihi
areArtocarpus integra Merr., Artocarpus integrifolia
Linn. And Artocarpus heterophyllus Lam. of which

MATERIALSAND METHODS

engaged in tree growth and development.

Localization of reserve materials in different tgpe
cells may vary species to species. It was repdhaid

the present study.

Collection of samples: Blocks containing outer bark,
phloem, cambium and xylem were removed from the

stored materials are crucial to radial growth, wood main stem at breast height from jackfruit treds (

density and formation of the current year’s tragyri

heterophyllus). The small block was removed with a
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scalpel and chisel. Samples were removed in aPreparation of samples for observation of
zigzag pattern to eliminate any effects of wounding autofluorescence: About 40 um sections were
All the samples were wrapped with aluminum foil to washed with distilled water and examined under

protect them from moisture and light. fluorescence microscope. UV rays (wave length
405nm), blue light (wave length 488nm) and green
Preparation of samples for light microscopy: The light (wave length 561nm), were used separately to

sampleswere fixed in 4% glutaraldehyde in 0.1M visualize the light intensity and absorbance of
phosphate buffer (pH 7.3) under vacuum for 1 h at different types of cells of phloem and xylem. listh
room temperature. Fixed samples were washed in 0.1study, a comparison of fluorescence microscopy with
M phosphate buffer and trimmed to 3 mm in length different lights and filters was observed to
for subsequent fixation in 1% osmium tetraoxide in understand the difference of light intensity and
0.1 M phosphate buffer for 2 h at room temperature. absorbance capacity of different types of cells.

After washing in phosphate buffer, specimens were

dehydrated in a graded ethanol series and embedded

in epoxy resin. Transverse sections were cut at a

thickness of approx. 2 pm with a glass knife on an RESULTSAND DISCUSSION
ultramicrotome (Ultracut N; Reichert, Vienna,

Austria) for sequential observations of cambial Anatomical  observations ~ of  Artocarpus
reactivation and xylem differentiation. Sectionsreve  heterophyllus stem: Different types of cells were
stained with a solution of 1% safranin in water for observed from outer bark to inner xylem without any
observations of anatomical features of tissues ofStaining. The anatomical observations focused on
phloem, xylem and cambium and then examined cell arrangement and chronological alignment from
under a light microscope (Axioscop; Carl Zeiss, outer bark to inner part of. heterophyllus stem.

Oberkochen, German{f %! There were many variations among the cells
visualized as well as their natural color (Fig. The
Preparation of samples for observation of starch, ~ outer bark of the stem was composed of dead

lipid droplets and proteins: The radial, transverse Parenchyma cells which have black colored. The
and tangential sections were cut at a thickness ofdark colored observations appeared in phloem ray
approximately 40 pm with a stainless steel parenchyma cells and longitudinal phloem
microtome blade on the freezing stage of a sliding Parenchyma cells in the inner bark (Fig. 1a). Inner
microtome (MA-101; Komatsu Electronics, Tokyo, Part of phloem was composed of live parenchyma
Japan). For light microscopic observations of sfera cell and those are dark colored due to containing
starch, sections were stained with iodine-potassiummore food materials (Fig. 1a-c). Cambial zone was
iodide (b-KI) for 2-3 min 2 ' After staining, located between phloem and xylem portion of the
sections were washed with distilled water. For stems. The lighter color of cambial zone was very
visualization of lipid droplets, sections were wagh harrow, which have meristematic activity and
in a series of ethanol, namely, from 30% to 70% Produced many new phloem and xylem cells during
followed by stained with Sudan Black B in 70% active seasons of cambium (Fig. 1d). Secondary
ethanol for 5 minutes. After staining with Sudan Xylem cells were mostly composed of xylem ray
Black B in 70% ethanol, sections were washed with Parenchyma cells, axial parenchyma cells, xylem
70% ethanol for 2-3 min. For visualization of Vvessel (not shown) and wood fibers that were
proteins, sections were stained with Amido Black Visualized in figure 1 (d-f).

10B for 5 minutes followed by washed with distilled

water. For observation of anatomical structures of Cellular structural variation observed from phlotm
phloem and xylem, thick sections about 40 pm, wereXylem of jackfruit stem under light microscope (Fig
observed without staining and then examined under a2)- The transverse sections showed clearly the cell

light microscope (as described above). size, shape and arrangement from phloem to xylem.
Phloem was consisted with phloem ray parenchyma,
Preparation of samples for observation of nuclei: phloem parenchyma and phloem fibers. New cell

The 40 pm sections were stained with acetocarminePlate was clearly observed in phloem ray
for 2 hours. The stained sections were firstly veaish ~ Parenchyma and phloem parenchyma cells. Cambial
with distilled water two times followed by series o zone was consisted with 10-12 radial layers of
ethanol, namely, from 30% to 100% ethanol. fusiform cambial cells during active seasons of
Permanent slides were prepared by using xylene ancambium in July. Many differentiating wood fibers
resin for future microscopic observations. Theesid and xylem vessel elements were observed. During
were kept as it is for overnight to prepare good differentiation, cell walls were thin and gradually
quality sections. The localization of nuclei was increased thicknesses of cell walls of wood fibers.
observed under a light microscope with acetocarmineXylem ray parenchyma was multiseriate consisted
stained sections and fluorescence microscopy wagVith 2-4 layers of rays (Fig. 2a). The differerioat
used to visualize nucleus without any staining by of vessel elements was observed from active cambial
using green light (wave length 561 nm; Axioscop; derivatives (Fig. 2b).

Carl Zeiss, Oberkochen, Germany).
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Figure 1: Light micrographs of radial sections (without stag),
showing cell arrangement from phloem to outer xylem
chronologically of the stem oArtocarpus heterphyllus. a) Outer
phloem (outer bark), b) inner phloem (inner bad),nnermost
phloem, d) cambial zone, e-f) ray parenchyma @elsuter xylem.
The left side of the micrographs corresponds toaiher side of
the tree. ob, outer bark; php, phloem parenchytmanner bark;
cz, cambial zone; wf, wood fiber; xrp, xylem rayrgrachyma;
scale bars =50 um.

Figure 3: Light micrographs showing radial (a-d), transve(esd)

and tangential (g-h) views of localization of sgeastarch (arrows)
around phloem and outer sapwood of samples fAstocarpus
heterphyllus stem. a) no storage starch was evident in outer
phloem, b) abundant storage starch was evidentiddlenportion

of phloem parenchyma cells, c) abundant starchaapden xylem

ray parenchyma cells, d) axial xylem parenchymés egntained

abundant starch granules, e) middle portion ofgrhiparenchyma

cells contained abundant storage starch, f) aburslarage starch

Figure 2: Light micrographs of transverse images of phloem,
around the vessels and xylem ray parenchyma agllapundant

cambium and xylem ofirtocarpus heterphyllus. Sections were . )
storage starch visualized around the vessels, ynpaaenchyma

stained with safranin, (a) different cells from @drh to xylem .
showed abundant starch content. ob, outer barlgnier bark; php,

tissue, (b) differentiating vessel element alonthwilifferent types .
phloem parenchyma; wf, wood fiber; xrp, xylem raarenchyma;
of cells of phloem and xylem. The left side of tmécrographs )
axp, axial parenchyma; V, vessel. Scale bars =0 p

corresponds to the outer side of the tree. prppegmhl ray

arenchyma; ph, phloem part; cz, cambial zone; Neyy xylem; . L
P yma. pil. p P SAed In inner bark, limited amount of starch granuleseve

XTp, xylem ray parenchyma; Xy, xylem part; V, vésseale bars yigjajized in some phloem parenchyma cells (Fig.
=25 um. 3a). The innermost phloem parenchyma cells

Localization of starch in phloem and xylem cells: contained large amount of starch granules (Fig. 3b)
Starch grains in the ray parenchyma cells were moreRadial, transverse and tangential sections sholed t
abundant than other cells. Both axial and ray Clear visualization of starch content inside the
parenchyma cells of outer xylem contained starchphloem and xylem cells. Among them, radial
granules (Fig. 3). In phloem, the occurrence afcsta  Observation (Fig. 3a-d) provided more clear
was relatively smaller. Since, the outer bark localization than transverse sections (Fig. 3erf) a

contained dead cell, no starch granules were presen tangential sections (Fig. 3g-h). The axial parenthy

3
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cells around the vessel contained much more starcHPopulus x Canadensis), there were clear reductions
granules that was observed in transverse (Figar8f) in levels of lipids (as droplets) from cambial

tangential (Fig. 3g) sections. Almost all of theirlig reactivation to the start of xylem differentiation.
cells contains starch granules, on the other hand n Therefore, these authors postulated that lipid létsp
starch available in wood fibers in xylem. might be mobilized for the production of new ceéfis

The changes on distribution and localization of this variety of poplar in spring time.

storage starch in the phloem and outer xylem was

observed. In the outer part of phloem, no starch Localization of proteins in phloem and xylem
particles were localized and increased gradually cells: The stained protein droplets were visualized as
inside of the phloem. In xylem cells, almost alltloé blue colored and appeared mostly in phloem and
ray parenchyma and axial parenchyma tissuexylem parenchyma cells (Fig. 4c-e). The outer bark
contained much storage starch than phloemshowed no protein content in their cells as thadks ¢
parenchyma cells. There was no considerable starctwere died (Fig. 4c). There was no detectable protei
localization occurred in wood fibers than ray and visualized in the cells of the outer xylem whileén
axial parenchyma cells. These results supports thexylem contains little bit. Innermost portion of
results reported by Begultf, starch grains must be phloem, have limited powdery protein droplets that
needed as a source of energy for the initiation ofwas visualized inside the phloem parenchyma cells
cambial cell division and xylem differentiation in (Fig. 4c-d).

Cryptomeria japonica.

The present results showed clearly that, the lefel
starch in phloem parenchyma cells falls signifibant
at the start of xylem differentiation during active
seasons of cambium. The abundance of starch
granules in phloem and cambium cells decreased
from cambial reactivation to xylem differentiatiam
stems ofA. heterphyllus. A marked change of starch
granules was also observed in phloem ray
parenchyma cells and longitudinal phloem
parenchyma cells during xylem differentiation (data
not shown). The decreases of starch granules werg
closely related to the change in their levels. &
Therefore, the reduced starch granules in phloein an By
cambium might provide energy during cambial g™
reactivation and xylem differentiatidt?. :

Localization of lipid droplets in phloem and
xylem cells: Lipids appeared as droplets in phloem
portion (Fig. 4a). In contrast, no lipid dropletene
found in outer xylem portion (Fig. 4b). The ray
parenchyma cells of xylem have no remarkable lipid Figure 4: Light micrographs showing visualization of lipidoghlets
droplets whereas it was observed in phloem. Lipid(a-b) and protein (c-f) imrtocarpus heterphyllus stem. (a) phloem
droplets were fully absent in outer bark (Fig. 4a).with outer and inner bark and their lipid content&) no
(I\)/l[odsrtC)g];et'[hSeoclf?r?easctlnzltre??Iglza;aagce observed in MagJnsiderable lipid droplets in outer xylem, (c)
In Robinia pseudoacacia, lipid droplets accumulated
mainly in the cambium and the level of lipids (as in mid phloem parenchyma cells, (e) xylem ray pelngma cells of
droplets) fell steadily as the distance from the outer xylem contained protein droplets, (f) innertpof xylem ray
cambium to the phloem and xylem increased duringparenchyma cells contained limited protein droplétgowheads
cambial dormanc®. Similarly, in the present study
of A. heterophyllus, the relative area occupied by
lipid droplets was higher in the cambium than ia th
phloem and this area remained unchanged in phloerfi’P: Phloem ray parenchyma; scale bars =50 um.
ray parenchyma cells and longitudinal phloem
parenchyma cells. Previous research wofks®
proposed that the storage lipids in the secondary
xylem ray parenchyma cells might be generated from
sugars or from starch and that the small-scale
conversion of starch to lipids might occur in the
autumn in Scots pine and poplar trees, respectively
In addition, a research groli! reported that, in the
secondary xylem ray parenchyma cells that were
located close to the cambium of poplar trees

ited protein
droplets in phloem parenchyma cells, (d) abundastem droplets

indicated lipid and protein drop/droplets. ob, outeark; php,
phloem parenchyma; ib, inner bark; xrp, xylem raremchyma;

The xylem ray parenchyma cells contained more
protein than the wood fibers and phloem parenchyma
cells. There was relatively more protein droplets
were visualized in outer part of xylem (Fig. 4edurth
innermost part of xylem parenchyma cells (Fig. 4f).

A number of studies have provided information on
distribution of protein in both deciduous and
coniferous trees. The information of protein

4
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localization among phloem and outer xylem tissue of on different light absorbance capacity. Phloem and
A.  heterophyllus  supported the previous xylem cells contained different combination of
investigations®". Abundant presence of protein chemicals which varied cell to cell investigated
droplets within xylem ray parenchyma cells indichte under different light sources (Fig. 6a-c).

that the ray tissue in the secondary xylem of woody

plants plays an important role in the translocation

storage, and mobilization of nutriefts.

Such types of accumulation and localization
reserve materials (e.g. starch, lipid and protei
between phloem and xylem cells is well known fron
extended studies on different trées 2 8 rather
than jackfruit. The results showed clearly the
information of localization of reserve materials/of
heterophyllus but their intracellular localization and
specific function, are still obscure. Although, som [
dark substances within the vacuoles of wood
species have been referred to as tannins or plen
substances'®?” for several reasons, we canno
exclude the presence of electron-dense intra-vacuo
bodies of storage proteins in our present stud
Firstly, Reportd'®* loosely resembled the structurd
of protein bodies in oat starchy endosperm cell
described in detail by Saidd". Strikingly, similar
results have been obtained during the accumulati
of storage proteins in vacuoles of cotyledonar a
endosperm cell$?.

Localization of nuclei in phloem and xylem cells:
The presence or absence of nuclei was observed
distinguish dead and live cells. Using acetocarmi
staining, nuclei of live cells were observed as Ismeg
reddish droplets (Fig. 5a-e). Outer bark has ndenuc
since those were dead cells (Fig. 5a). Inner béark
investigated sample was almost consisted wi
phloem parenchyma cells that contained nuclei (Fi%®
5a-b), The presence of nucleus showed in phloem rayFigure 5: Light micrographs showing visualization of nuclei i
parenchyma cells (Fig. 5c). Xylem ray parenchyma Artocarpus heterphyllus stem (a-d, radial; e, tangential; f-g,
also showed the presence of nuclei in the cellg. (Fi
5d). The axial xylem parenchyma cells also
contained nuclei (Fig. 5e). Presence of nuclei was
observed using green light (wavelength 561 nm) phloem parenchyma cells in middle of phloem paitpbloem ray
without any staining, which showed in Figure 5)f-g parenchyma cells in middle of phloem part, (d)exyl ray
Cell death plays an important role in the functiofs parenchyma cells of outer xylem portion, (e) axiallem
secondary xylem cells in wood. Research on the
death and live cells of phloem, cambial zone and
xylem parts, for the most part, cells are live eath
than outer bark of the phloem. Although short-lived PhP. phloem parenchyma; ib, inner bark; xrp, xylemay
tracheary elements of xylem part observed but thisparenchyma; prp, phloem ray parenchyma; axp, asegnchyma;
portion was not our present focus, similar reports scale bars = 50 um.
investigatedzs]. Every cell death in ray parenchyma
cells that were in contact with ray tracheids in
conifers, such a®seudotsuga menzesii and Pinus
strobus, was observed® ! Similarly our results
revealed that cell death earlier in outer phloem There were enormous difference observed in outer
parenchyma cells, ray tracheids of outer xylermscell and inner bark due to their composition and light
absorbance capacity. Similar results also obseirved
xylem portion, where green and blue light sources
Autofluorescence of different cells of phloem and illuminated some part of the sections that was rthse
xylem: To compare the difference of light intensity in case of UV light source (Fig. 6d-f). This
in a same section, green light (wavelength 561 nm),observation proved the difference of
blue light (wavelength 488 nm) and UV (wavelength autofluorescence among cells in plant tissues (Fig.
405 nm) lights was used (Fig. 6). The outer an@finn 6a-f).
bark showed distinguished light intensity depending

5

transverse), stained with acetocarmine (a-e) amdrdscence
microscopy with green light (f-g). (a) outer anchén bark, (b)

parenchyma cells, (f) axial cells in xylem part gl parenchyma
cells in phloem part. Arrowheads indicated nuabi, outer bark;
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Figure 6: Fluorescence microscopy showing radial images
of cell contents and cell walls of phloem and xyleefls in
Artocarpus heterphyllus stem. Outer and inner phloem (a.
green, b. blue, and c. UV lights) and outer xylesnsisted
with ray parenchyma and fiber cells (d. green,lee land f.
UV lights). ob, outer bark; php, phloem parenchynin;
inner bark; xrp, xylem ray parenchyma; prp, phlosy
parenchyma; wf, wood fibers; scale bars = 50 um.

The color of wood depends on chemical components
interacting with light, as well as the presence or
absence of extractivé®!. Therefore, our observation
showed difference of color intensity and color
absorbance under different light sources. However,
the information about autofluorescence of different
cell organelles showed variation of their compositi
between phloem and xylem cells. The occurrence of
unknown different compounds in the cells might also
indicate their roles as functions and importance in
growth and development in plants. This result may
be helpful for further query on chemical content
related to their light absorbance of cells in plant

CONCLUSION

Islamet al.

Considering the prominent changes in storage starch
lipid and protein droplets between phloem and xylem
and their use in active cambial zone, it appeared
interesting to search for a relationship between
reserve materials and biochemical phenomena in ray
parenchyma cells. In addition, an attempt is made t
follow the changes of amount of storage materials
followed by cell death in phloem and xylem cells.
This distribution and pattern of such storage
materials within the cells of tree has significaffect

on growth and development. It would be helpful for
further research on tree breeding program as wgell a
improving the quality of wood.

ACKNOWLEDGEMENTS

The authors thank the staff of the Department of
Crop Botany, Bangladesh Agricultural University,
Mymensingh, Japan for providing plant materials.
The authors are grateful to Professor Dr. Ryo Fanad
and Assistant Professor Dr. Satoshi Nakaba of Tokyo
University of Agriculture and Technology, Japan for
laboratory facilities to do microscopic studies.
Thanks are also due to other laboratory members for
their valuable suggestions and help during
experimental works and manuscript preparation.

REFERENCES

1. Majunath BL (1948). Processing of untapped
indigenoeous fruits.Proceedings of National
Seminar on Production, Processing, marketing
and Export of Unatapped Indigeneous Fruits and
Vegetables, April 7, IARI, New Delhi, pp: 84-87.

Elevitch CR and Manner HI (2006)\rtocarpus
heterophyllus (Jackfruit): Species Profiles for
Pacific Island Agroforestry. April 2006 (Ver. L1).
Retrieved from
http://agroforestry.net/tti/A.heterophyllus-
jackfruit.pdf.

. BBS (Bangladesh Bureau of Statistics) (2008).
Monthly Statistical Bulletin of Bangladesh
(November 2008). Bangladesh Bureau of
Statistics. Ministry of Planning, Government of
the People’s Republic of Bangladesh. P. 49.

Harms U and Sauter JJ (1992). Changes in
content of starch, protein, fat and sugars in the
branchwood ofBetula pendula Roth during fall.
Holzforchung 46: 455-561.

Fischer C and Holl W (1992). Food reserves of
Scots pine Rinus sylvestris L). 2. Seasonal
changes and radial distribution of carbohydrate
and fat reserves in pine wood.egs 6:147-155.

Magel E, Abdel-Latif A and Hampp R (2001).
Non-structural carbohydrates and catalytic
activities of sucrose-metabolizing enzymes in
trunks of twoJuglans species and their role in
heartwood formation.HolzZforschung 55: 135-
145.

4.

5.



Int J Nat Sci (2012), 2(1): 01- 07 Islamet al.

7. Hoch G, Popp M and Korner C (2002). Altitudinal Robinia pseudoacacia L. during heartwood

increases of mobile carbon poolsAimus cembra formation.Trees 10:366-375.
suggests sink limitation of growth at the Swiss
tre%?ine.OikosgS: 361-374. ¢ 16. Sauter JJ and van Cleve B (1994). Storage,

mobilization, interrelations of starch, sugar,
8. Barbaroux C and Breda N (2002). Contrasting protein and fat in ray storage tissue of poplar
distribution and seasonal dynamics  of trees.Trees 8:297-304.
carbohydrate reserves in stem wood of adult ring- .
porous sessile oak and diffuse-porous beech treesl?- Sauter JJ (1982). Transport in markstraten.

9. Barbaroux C, Breda N and Dufrene E (2003). 18. quker J (1962). Seasonal changes in cold
Distribution of above-ground and below-ground LesEtance an(_j free.sugars of hardwood tree
carbohydrate reserves in adults trees of two arks.Forest Science 8:255-262.

contrasting  broad-leaved  speciesQuércus 19 Timell TE (1973). Ultrastructure of the dormant
petraea and Facus sylvatica). New Phytologist and active cambial zones and the dormant
157: 605-615. phloem associated with formation of normal and

10. Begum S, Nakaba S, Oribe Y, Kubo T and compression woods iRicea abies (L.) Karst.
Funada R (2007). Induction of cambial Techn. Publ. 96:1-94.

reactivation by localized heating in a deciduous 20, Berggren B (1985). Ultrastructure of dormant

hardwood hybrid poplarRopulus sieboldii x P. buds ofSalix sp. in early winter.Nord. J. Bot. 5:
grandidentata). Annals of Botany 100: 439-447. 475-488.

11. Begum S, Nakaba S, Bayramzadeh V, Oribe Y,21  saigo RH, Peterson DM and Holy J (1983).
Kubo T and Funada R (2008). Responses to  pevelopment of protein bodies in oat starchy
ambient temperature of cambial reactivation and endospermCan. J. Bot. 61: 1206-1215.
xylem differentiation in hybrid poplarPppulus
sieboldii x P. grandidentata) under natural 22. Bouvier-Durand M, Dawidowicz-Grzegorzewska
conditions Tree Physiology 28: 1813-1819. A, Thevenot C and Come D (1984). Dormancy of

apple embryos. Are starch and reserve protein

12. Begum S, Nakaba S, Oribe Y, Kubo T and  changes related to dormancy breaki@g® J Bot.
Funada R (2010). Changes in the localization and  g2: 2308-2315.

levels of starch and lipids in cambium and _
phloem during cambial reactivation by artificial 23. Fukuda H (2004). Signals that control plant

heating of main stems dfryptomeria japonica vascular cell differentiationNature Rev. Mol.
trees.Ann. Bot. 106:885-895. Cell Biol. 5: 379-391.

13. Nakaba S, Yoshimoto J, Kubo T and Funada R24. Gartner BL, Baker DC and Spicer R (2000).
(2008). Morphological changes in the Distribution and vitality of xylem rays in relation

cytoskeleton, nuclei and vacuoles during the cell  to tree leaf area in Douglas-fiIi\WA J. 21: 389-
death of short-lived ray tracheids in the conifer ~ 401.

Eg;;_sSldjnsﬂora. Journal of Wood Science 54: 25. Spicer R and Holbrook NM (2007). Parenchyma
' cell respiration and survival in secondary xylem:
14. Nakaba S, Sano Y, Kubo T and Funada R (2006). does metabolic activities decline with cell age?
The positional distribution of cell death of ray Plant Cell Env. 30: 934-943.
parenchyma in a coniferAbies sachalinensis. .
) 26. Hon DNS and Minemura N (2001). Color and
Plant Cell Reports 25: 1143-1148 discoloration In: Hon, DV-S. Shiraishi, N. (eds.)

15. Hillinger C, Holl W and Zeiegler H (1996). Lipi Wood and cellulosic chemistry. Marcel Dekker,
and lipolytic enzymes in the trunkwood of New York, pp. 385-441.



