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Abstract: In paper are presented the structural and ultrastructural features of the leaf

at the five genotypes of Douglas-fir. Also, are discussed the leaf morphological
features, and their correlation with the trees' development.
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Introduction

The Douglas-fir is a mixture species, rarely being meet in pure arboretum,

spreaded a waste surface from British Columbia (Canada) to California and New

Mexico (USA), with an optimum of vegetation in the Oregon state (Haralamb

1967). For its production and growth features, the Douglas-fir was introduced also

in other areas, being in a massive culture in Northeast of the United States, British

Isles, New Zealand and Europe. In Romania, Douglas-fir was introduced after

1890, the surfaces occupied with Douglas-fir being localised almost in Transilvania,

Banat, Moldova and Oltenia. The performed researches, point out the important of

the native population in its introduction process in other areas (Corneanu et al.

1990, 1998). In this paper are presented the ultrastructural features of the leaves in

five genotypes and some vegetation features of the seedlings.

Material and methods

The structural and ultrastructural features of the leaves, were performed in five

Douglas-fir [Pseudotsuga menziesii (Mirb.) Franco var. menziesii] genotypes,

belonging to three populations with different origin and experimental treatment:

• Population from Washington state, Okanagon Co. Twisp, 48°23' N, 12024' W,

732-853 m alt, with two variant: Control and an irradiated variant (seeds) with 20

Gy;

• Population from Washington state, Chelan Co. Chiwaukum, 4741' N, 12044' W,

549 m alt., with two experimental variant (two irradiation doses): 20 Gy and 40 Gy;

• Population from California state, Siskiyou Scott Bar, 4144' N, 123°06' W, 975-

1036 m alt, with one variant: chlorina mutant (descent of a variant irradiated with

40 Gy).
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- Fig. 1. Upper epidermis and hypodermis. 3050x; Fig. 2. Lower epidermis
with drops of resin. 3170x; Fig. 3. Stomata from lower epidermis. 2780x; Fig. 4.

Palisade parenchyma cells. 12,540x.

Plate 1



Plate 2 - Fig. 5. Lacuna parenchyma cells under the lower epidermis. 341 Ox; Fig. 6.

Lacuna parenchyma cells disposed in strings. 2530x; Fig. 7. Lacuma parenchyma
cells in chlohna mutant. 2630x; Fig. 8. Secretory cells from resiniferous duct.

2870X.
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- Fig. 9. The secretory activity in a parenchyma cell. 13,250x; Fig. 10.

Parenchyma cell in chlorina mutant with resin drops in vacuole. 2680x; Fig. 11

Central cylinder (optical microscopy); Fig. 12. Endoderma, perycicle and infusion

parenchyma. 2680 x.

Plate 3
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- Fig. 13. Xy lerna fascicles with a cell leyer between them. 2440x; Fig. 14

Ligneous vessels with an areolate punctuantion. 7180x; Fig. 15. Cambium cell

9310x; Fig. 16. Liberian cells. 2440x.

Plate 4
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The investigations about the structural and ultrastructural features of the leaves,
were performed in the winter (January), on the middle region of the mature leaves!
The optical features were established on fresh preparations. For the electron

microscope investigations, the pieces of about 1 mm
3

from the fresh leaf, were pre-

fixed in a 2.7% glutaraldehyde solution (2 1/2 h), post-fixed in a 2% osmic acid

solution (1 1/2 h), embebbed and inclusion in vestopal W. Serriated sections of

about 80-90 nm were contrasted with uranyl acetate and lead citrate and analysed
ataTESLABS-500TEM.

Also, was effected a correlation between the leaf features and the tree growth.

Results and discussions

The structural and ultrastructural features of the leaves are similarly at the five

genotypes, with some small differences.

The upper epidermis is formed from a single layer of small cells, of cubic shape,
with sclerified walls and covered with a cuticle. The cells present a parietal

cytoplasm with organelles and a central vacuole (Fig. 1).
The lower epidermis is formed from a single cell layer, covered with a thick

cuticle. The cubic small cells, present a pellicular cytoplasm with few organelles. In

the epidermic cells take place active synthesis, in some epidermic cells being

present granules of the synthesised material, which will be probable eliminate out-

wardley through an exocytose phenomenon (Fig. 2). The stomatas, present only in

the lower epidermis, are formed by two cells and a substomatal chamber (Fig. 3).

In winter, the stomata's cells are covered with a cuticle. The stomata's cells are rich

in cytoplasm, organelles and a fine granular material. The chloroplasts, present in

a big number, have a granal system formed by stroma thylakoids, few

plastoglobuls and one-two starch grain (Fig. 3).

Under epidermis there is a discontinue hypodermics, with a different

development at the analysed genotypes. The hypodermic cells present sclerified

walls, are rich in cytoplasm, organelles and a fine granular material (Fig. 1). At all

genotypes, hypodermics formed by a variable cells' number, is present, under

upper epidermis in the middle region of the needle. In some cases, hypodermics

can be present on the lateral parts of the needle, or under lower epidermis in the

middle region of the needle (Table I). Also, a hypodermis region is present in

relation with the two resiniferous ducts, at the leaf edges towards lower epidemis.
In each population, was recorded an apparent relation between the hypodermis

development (cells number) and the trees height (Table I).

Palisade parenchyma, disposed under upper epidermis, is formed by 4-6 (7)

cells' layers. The cells are big, with a polygonal-elongate shape and thick walls,

disposed perpendicularly on the upper epidermis, and with small spaces between

them.

The parenchyma cells are very rich in cytoplasm and organelles: very numerous

chloroplasts and mitochondria, ribosomes and endoplasmic reticulum,

dictyosomes, many small vacuoles with a fine granular material (Fig. 4). Nucleus

presents many heterochromatine regions in inner. Chloroplasts are surrounded by

numerous mitochondria. The stroma thylakoids formed a granal system of 2-3
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thylakoids. In some chloroplasts are present plastoglobuls in a variable number

and very rarely a starch grain. Other cells present a modified structure (presented
in lacuna parenchyma).

- The features of the leaf in some Douglas-fir genotypes

Facultative present
2
Present only between the phloem vessels (ligneous vessels of the two fascicles are united)

1 - Population originating from Washington, Okanagon Co. Twisp, 4823' N, 120°24' W, 732-

853 m alt., Control and 20 Gy.
2 - Population originating from Washington, Chelan Co. Chiwaukum, 4741' N, 120°44' W,

549 m alt., 20Gyand40Gy;
3 - Population originating from California, Siskiyou Scott Bar, 4144' N, 123°06' W, 975-1036

m alt., 40 Gy - chbrina mutant.

Lacuna parenchyma, situated towards the lower epidermis, is performed from 4-

6 cell layers. The cells of unregulated shape are big, with thick walls and big

spaces between them. The cell's structure is different. Some cells, situated usually

under the lower epidermis (Fig. 5), present a rich cytoplasm and organelles, as well

as many vacuoles. Nucleus presents small blocks of heterochromatin in inner. The

chloroplasts, present in a big number, are surrounded by many mitochondria. The

stroma thylakoids are oriented on the chloroplast length, between them being

present plastoglobuls and rarely starch grains. The grana is constitute by a group

of 2 thylakoids. Mitochondria present a rich matrix and some dilatation of the

cristas. As a result of the synthesis activity, in the cells is presents a substance

under shape of drops of different size (Fig. 5). In other cells, the cytoplasm with a

great number of organelles presents a parietal disposition, almost the cell volume

being occupied by a substance with a reticulate structure (Fig. 6). This type of cells

is present also in the palisade parenchyma.

Table I

analyse« Genot

feature 1 - 1 - 20 Gy 2 - 20 Gy 2 - 40 Gy 3

Control chlorina

lodermics sition and cells number

under upper epidermis 10-14 4 4-10 8-10 2-4

upper lower epidermis

at the needle end

4-6

absent

absent (1)
1

12-14

absent (1)
1

absent (1)
1

8-10 4

12 absent

under resiniferous ducts present present present resent present

Parench ma tissue (number of the cells lay srs)

palisade parenchyma

lacuna parenchyma

6(7)

5(6)

5(4)

5(6)

4-5 4(5)

4(5)

5(6)

5(6)5

Central с linder 'the structures nd the cells' number

cambia 2(3)

2(3)

1(2)
2

2 1(2)

1-2
2

2

cells number between the 2 2(3)

conducting fascicles

Resiniferous ducts

la ers'number

Trees's height of 12 years
170 165 191 265 70

(cm)

Tree's height of 17 years (cm) 200 195 160 320 95
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Around the central cylinder, towards the lateral part and lower epidermis, there

are big cells with a radial disposition. Some of these cells are full with many
vesicles, with an oriented disposition. The cytoplasm and organelles present a

parietal disposition.

The cells from the chlorina mutant for the leaf colour, present a pelicular

cytoplasm, the all cell volume being occupied with a granular material, disposed
ununiform. The neighbouring cells are linked through punctuation's (Fig. 7).

The two resiniferous ducts, are placed at the lateral part of the leaf, near lower

epidermis. They present in inner a layer (rarely two) of secretory cells, surrounded

by one or two cells' layers with sclerified walls. The neighbouring cells are linked

between them through punctuations. The secretor cells are elongated and

flattened, with normal walls, thinner towards the duct lumen and with a rich content

in cytoplasm and organelles. In these cells take place a synthesis, resulting drops

of a substance, similar with resin (Fig. 8). This substance is also present in the

annexed cells with sclerified walls.

the secretor activity in the parenchyma cells. In the cells from the palisade

and lacuna parenchyma (Fig. 5), as well as in the secretory cells from the

resiniferous ducts (Fig. 8), take place a lot of syntheses, including of resin. The

secretor cells are rich in cytoplasm and organelles: chloroplasts surrounded by

numerous mitochondria, dictyosomes, endoplasmic reticulum, numerous

ribosomes, a granular material dispersed in cytoplasm, small vacuoles and big
vacuoles with an electron-dense synthesis product, a/o (Fig. 9). Probably in these

synthesis are implicated dictyosomes, which are presented in a big number (Figs.
4, 9). The presence of an intense metabolic activity in these cells is suggested by

the nucleus ultrastructure and by the presence of the NAB's corpuscle type near

nucleolus (Fig. 8). In the chlorina mutant, the synthesis activity is reduced. Thus is

formed a small quantity of substance which is dispersed under drops shape of

different size in the vacuola (Fig. 10).

Central cylinder is situated in the middle of the needle, towards the lower

epidermis (Fig. 11). At exterior, the central cylinder is surrounded by an evident

endoderm, formed by one layer of big cells, linked between them through

punctuation (Fig. 12). The cells present an ellipsoidal shape, a similar size and are

rich in cytoplasm and in organelles: very numerous ribosomes, chloroplasts,

mitochondria, vacuoles with storage substances, a/o. The pericycle is formed by

one layer of cells, full with cytoplasm and organelles: proplastids, chloroplasts,

mitochondria, vacuoles with storage substances, a/o (Fig. 12).

Between the pericycle and conducting fascicles is present an infusion

parenchyma formed by small cells of different shape, full with cytoplasm and

organelles (Fig. 12). This parenchyma is developed on the lateral part, and is

represented by one cell layer towards the two epidermis. Toward the two

epidermis, neighbouring the conducting fascicles there are two sclerenchyma

sheaths. The cells from the upper sheath present the walls slight sclerified, in

comparison with the cells from the inferior sheath with bigger cells with the walls

stronger sclerified.

In Pseudotsuga menziesii var. menziesii, in the central cylinder there are two

conducting fascicles situated in a strong relation between them or separated

through 2-3 parenchyma cells (Fig. 12; Table I). These cells are relatively small,



rich in cytoplasm and organelles. In the variant irradiated 40 Gy from the Chelan

Chiwaukun genotype, the xylema of the two conductind fascicles is fused, and

between the phloem fascicles are present 1-2 parenchymatic cells.

The each conducting fascicle, presents the xylema towards upper epidermis
and phloem towards the lower epidermis, between which there is a cambium

formed by one or two cells's layers. Xylema is formed by ligneous vessels with

walls of different thickness, with areolate punctuations (Fig. 14). The cambium's

cells present a structure similar to the meristematic cells. They are rich in

cytoplasm with a big, central nucleus, many proplastids with 1 - 2 stroma

thylakoids, mitochondria, some chloroplast, vesicles full with a substance, a/o (Fig.

15). Phloem is formed from sieve-vessels and liberian parenchyma (Fig. 16).

Conclusions

Between the five analysed genotypes were recorded differences regarding the

needle structure and ultrastructure. The hypodermics' constitution manifested the

most differences between the analysed genotypes. In central cylinder are present
two conducting libber-ligneous fascicles, between which there is a layer of 1-2

parenchyma cells. In some cases, the ligneous vessels from the two regions are

united in a single ligneous fascicle.

Were recorded differences between the ultrastructural features of the nucleus

and chloroplast in different parenchyma regions, as well as between the normal

plants and chlorine mutant.

Between the hypoderma development and the trees' height is an apparent

relation.
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CARACTERISTICILE ULTRASTRUCTURALE ALE FRUNZELOR ÎN UNELE

POPULAŢII DE PSEUDOTSUGA MENZIESII УAR. MENZIESII

Rezumat. Sunt prezentate caracteristicile structurale şi ultrastructurale ale frunzei

la cinci genotipuri de Duglas. De asemenea, sunt discutate caracteristicile

morfologice ale frunzei şi corelaţia lor cu dezvoltarea puieţilor.
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