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ABSTRACT

Some botanical variations in Pinus halepensis and Pinus canariensis were
investigated during summer and autumn of growing season 2003 to compare some
morphological characters and anatomical structure of the needles and to evaluate
their systematic significance. The anatomical variations in the needles affected by
needle age and needle parts, shading and position of the needle from the soil surface
were also studied. The obtained results could be summarized as follows:

1- There are noticeable morphologicai differences between the two pine species. P.
canariensis is characterized by great number of needles per dwarf stem,
remarkable length of needle, large needle sheath and an extension of the female
cone dimension as compared to P. halepensis. Another remarkable morphological
difference between the two species is nature of the surface of the young branches.
It is smooth without decurrent needle sheath in P. halepensis, while it is rough with
decurrent needle sheath in P. canariensis. These morphological features are used
for identifying the two species.

2- Anatomically, the needle of P. halepensis is characterized by thicker epidermis
and endodermal cell layer and wider mesophyll tissue and resin ducts, but thinner
transfusion tissue compared with P. canariensis. The most striking anatomical
differences between the two species occur, mainly in the hypodermal cell layers,
endodermis as well as number and size of resin ducts. The hypodermis occurs in
1-3 cell layers in P. halepensis, but in distinct patches in P. canariensis. The resin
ducts also were wider in P. halepensis with more diposion of resin materials in the
epithelial cell layer compared with P. canariensis.

3- Anatomical examination of dwarf stem and basal portion of the needle indicated
that there is correlation between the number of vascular bundles and cortical resin
ducts in the dwarf stem and both are correlated with the number of needles per
dwarf stem.

4- The needle dimension was increased with increasing the needle age. Two years-
old needles have higher number and large size of resin ducts compared with one
year-old-needle.

5- The middle portion of the needle is characterized by wider hypodermis and
mesophyll tissue as well as presence and wider endodermis. It had also greater
number and larger size of resin ducts in the two pine species compared with both
basal and terminal portions of the needle. The results indicate that the anatomical
changes which took place in the lower portion of the needle, are represented by
lower degree of a sclerified fibrous hypodermis, thinner mesophyll tissue without
developed internal ridges on the cell wall. The unicellular endodermis is still
recognizable.

6- Needle structure is largely influenced by light conditions. The needle developing
under shade conditions had weaker hypodermis, thinner and poorly developed
mesophyll tissue as well as the resin ducts are lesser in number and smaller in
size compared with sun-light grown needle.

All the recorded anatomical characters of the needies increased with an
increase in height from the soil surface. On the other hand, it was found a positive




- Fouda, R. A.

relation between the number and size of resin ducts in the neddle and their contents
of total phenolic compounds.

INTRODUCTION

Pinus is the most important genus of the family Pinaceae and it is
represented by 90-100 species in the world (Vasishta, 1983). Pinus spp are
economically important not only for resin production as well as turpentine oil,
which has been used for certain medicinal purposes, but also for plant
resistance against a range of insects, pathogens and air pollution (Wanger
and Zhang, 1993; Franceshi et al., 1998 and Monsield and Pearson, 1996).

Many investigators compared the variations of several morphological
and anatomical characters of needles of pines of different attitude including
resin ducts (Sheuc, 2000 and Sheue et al., 2003).

Many species of Pinus are characterized by resin ducts in the
needles, i.e., primary and secondary ducts. Primary ducts were found in the
mesophyll tissue and secondary ducts were found inside the vascular tissue;
the secondary ducts had weaker function for resin secretion as compared to
those in the mesophyll tissue (Sheue et al., 2003). The resin ducts are
common structure in Pinus needle and considered as an important character
in classification of the Pinaceae depending on Pinus species (Boratynska and
Bobowicz, 2001). The position type, not the number of resin ducts, in the
needles has significant value for the identification of pine species (Sheue et
al., 2003). Nevertheless, the number of resin ducts in plant body is affected
by several genetic and environmental factors, including the height and age of
the tree, sunlight, radiation (Sheue et al., 2003), nutrition (Hengxiao et al.,
1999) and phytohormones (Telewski et al., 1983).

The present investigation aimed to compare the morphological and
structural variations in the needles of Pinus halepensis Mill. and Pinus
canariensis Chr. Sm. as well as to clarify the anatomical responses of pine
needles to needle age, needle portion, shading and position of the needle on
the tree.

MATERIALS AND METHODS

- Structural variations in the needle of both Pinus halopensis Mill. and
Pinus canariensis Chr. Sm. affected by nesdle age, needle structure at
different levels of its blade, shading and position of the needle on the tree
were investigated.

For the standardization of the anatomical characters, all samples
were collected from uniform one year-old needles at the middle part of the
needle, except the samples used to compare the effects of the needle age on
the anatomical structure, they were taken from one and two-year-old needles.

The needles of both species were collected during summer and
autumn of the growing season 2003 from the gardens of Mansoura University
and different locations within Mansoura City.

1- During collection of samples, certain morphological characters such as

number of needles per dwarf shoots, length of needle, length of needle

P sheath, nature of the surface of young branches as well as female cone
dimension were recorded.
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2- For studying the effects of needle age on needle structures, samples
were taken from the middle parts of one and two-year old needles.

3- For studying the effects of needle parts on the anatomical structure,
samples were taken from the basal, middle and terminal parts of one
year-old needles. Moreover, the relationship between the dwarf stem
and number of needles bearing dwarf stem were studied.

4- For studying the effects of shading on the anatomical structure, needles
were taken from the lower at 2-m height of one year-old shaded and non-
shaded branches.

5- For studying the effects of position of needies on the tree on the
anatomical structure of needles, samples were taken at different height
from trees ranging in age from 10-15 years-old at aproximately 2 and 4 m
height from the soil surface.

The samples (5 mm) were killed and fixed in FAA solution,
dehydrated in ethyl alcohol series, then the samples were embedded in
paraffin wax (58°C m.p.) according to Gerlach (1977). Cross sections at 15-
20 um thickness were made using a rotary microtome. Sections were
stained in saffranin-light green combination, cleared in clove oil and mounted
in Canada balsam. ,

Sections (means of 10 sections) were examined microscopically and
the following anatomical characters were recorded:

1- Needle dimension (needle thickness

and needle width). 2- Hypodermis thickness.
3- Mesophyll tissue thickness. 4- Number of resin ducts.
5- Large resin ducts dimension. 6- Transfusion tissue thickness.

7- Endodermal cell layer thickness. 8- Vascular bundle dimensions.

Total phenols concentration in pine needles was determined
spectrophotometrically using folin-ciocalteau reagent at wavelength 650 nm,
and expressed as mg catichol per g fresh weight (Mazumder and Majjumder,
2003).

Statistical analysis:
Data were statistically analyzed according to Steel and Torine (1980).

RESULTS AND DISCUSSION

1- Morphological characters:

There are noticeable morphological differences between the two pine
species, including number per dwarf stem, length and color of needles;
needle sheath length; female cone dimension as well as nature of the surface
of young branches.

The results listed in Table (1) and illustrate in Figs. (1, 2 and 3)
indicate that P. canariensis is characterized by great number of needles, and
remarkable length of needle as well as large female cone dimension as
compared to P. halepensis. Length of needle sheath displays interesting
morphological differences between the two pine species. The longer length
of needle sheath in P. canariensis (Fig. 1) provides etiolation condition in the
basal part of needles, which related with some anatomical changes. Another
remarkable morphological difference between the two species is nature of the
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surface of the young branches (Fig. 2). It is smooth without decrrent needle
sheaths in P. halepensis, while it is rough with decurrent needle sheaths.
These morphological features are used for identifying the two pine species.
Nuffield (1991) noted that, the nature of the surface of branches, number of

needles, cone size and cone scales are very important in identifying different
pine species.

Table (1): Certain morphological features of both P. halepensis and P.

canariensis.
Characters Pinus halepensis Pinus canariensis

Number of needles per dwarf branch 2.00 3.00

Length of needle (cm) 14.60 16.80

Needle color Green Yellowish-green
Needle sheath length (cm) 0.40 1.60

Length of female cone (cm) 2.75 4.10
Diameter of female cone (cm) 2.80 4.20

Smooth without Rough with decurrent

Nature of the surface of young branches decurrent leaf bracts leaf bracts

Fig. (1): Need eath the o species showing longer needle
sheath (s) in P. cananariensis compared with P. halepensis.

FUE g
Fig. (2): Surface of branches, showing smoot ithout decarrent needle
sheath in P. halepensis (A) compared with P. cananariensis (B).
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Fig. (3): Female cones showing large dimension of female cone in P.
cananariensis (B) compared with P. halepensis (A).

2- Anatomical studies:

Generally, the needles of both P. halepensis and P. canariensis
(Figs. 4 and 5) resemble pine anatomy (Fahn, 1990). The needle has a thick-
walled epidermis with heavy cutical and deeply sunken stomata, which are
found on all surfaces of needles. A sclerified fibrous hypodermis occurs
beneath the epidermis, except under rows of stomata. It occurs in 1-3 cell -
layers in P. canariensis. The mesophyll tissue is not differantiated into:
palisade tissue and spongy parenchyma. Peripheral resin ducts are found in
the mesophyll tissue, in contact with the hypodermis. The vascular tissue is
represented by two bundles side by side and occurs in a central position in
the needle. They surrounded by transfusion tissue. The vascular bundles
and the associated transfusion tissue are surrounded by a thick-walled
endodermis.
3- Comparative needle structure:

Data presented in Table (2) and illustrated in Figs. (4 and 5) indicate
that shape of transsection varied between the two pine species. It is semi-
circle in P. halepensis and triangle in P. canariensis.

Table (2): Comparative anatomical structure of P. halepensis and P.
canariensis needles.

Characters (um) P. halepensis | P.canariensis | T.Test [Significance

i ) thickness 810 780 1.89 i
Needle dimension width 340 306 597 o
Position of stomata On all surfaces | On all surfaces
Epidermis thickness 22 19 1.84 N.S.
Hypodermis thickness 32 27 3.06 =
Number of resin ducts 5 5 0.01 N.S.
Mesophyll tissue thickness 150 132 7.35 i
Endodermis thickness 48 44 4.90 L
Transfusion thickness 425 340 10.41 i
Length of vascular bundle 164 180 1.26 N.S.
Width of vascular bundle 245 236 3.97 .
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Fig. (4): Needle cross section of P. Fig
halepensis showing wider
mesophyll tissue and large
size of resin ducts (OC. X 10.

Obj x 10). R: resin duct; M:
Mesopphyll tissue, E;
endodermis.

in P. Fig. (7): Portion of cross section in P.

halopensis showing large size
of resin duct (R) with more
dipositicn of resin materials in

ial cell layer (OC. X
). Ep: epthelial cells.
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. {5): Needle cross section of P.

canariensis showing the
hypodermal cell layers
occurs in distinct patches
and small size of resin ducts
(OC. X 10. Obj x 10). H:
Hypodermal cell layers.

=

canariensis showing small
size of resin duct (OC. X 10.
Obj x 40).
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Comparing the needle internal structure of the two pine species,
Table (2) indicates that the needle of P. halepensis is characterized by thicker
epidermis and wider mesophyll tissue but thinner transfusion tissue
compared with that of P. canariensis. The most striking anatomical
differences between the two species occur, mainly in the hypocdermal cell
layers and endodermis as weli as size of resin ducts. The hypodermis occurs
in 1-3 cell-layers in P. halepensis, but in distinct patches in P. canariensis.
The resin ducts also were wider in P. halepensis with more diposition of resin
materials in the epithelial cell layer (Fig. 6) compared with P. canariensis,
which appear smaller in size and had weaker function for resin secretion (Fig.
7). This findings suggest that the fiow of resins would be greater in P.
halepensis may indicate that the resistance of this species to air pollution was
more than P. canariensis. Zobal (1896) noted that resistance of pine needle
to air pollution was associated with thicker endodermal cell layer.

4. Effects of needle age on its structure:

Data presented in Table (3) and illustrated in Figs. (8 A and B) clearly
showed significant differences in the needle structure of the two pine species
with increasing age of the needle. The needle thickness and its width were
increased due to an increase in thickness of hypodermis, mesophyll tissue,
endodermal cell layer and transfusion tissue as well as vascular bundle
dimensions. The greatest anatomical differences between one and two-year-
old needle were reflected in number and diameter of resin ducts. Two years-
old needle has higher number and larger size of resin ducts as compared
with one-year-old needle. These results indicate that the needle structure is
influenced by needle age.

A ' ' B

Fig. (8): Cross sections at the middle part of two year-old needles of (A)
P. halepensis and (B) P. canaripensis showing higher number
and large size of resin ducts (R). (OC. X 10. Obj. x 10) compared
with the middle part of one year old needles (Figs 4 and 5).
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Table (3): Effect of needle age and needle parts on needle structure of
P. halepensis and P. canariensis.

Species L.S.D.
P. halepensis | P. canariensis | at5% l
Age of Age of |
rﬂ cedles Part of needles \ neadles Part of needles ~
c
Anatomical parameters | 5 | © _lel=e - 2 E
° ° —_ [} [:] ° ° = o [s]
ol9|ls|2|E|2|2|8(3|F gl =
s|g|8|2|E|8|38|&|83 E|o| B
> = | @ = @ > S| @ = G
- ™~ & - o

Necdle  |(thickness) (um) | 560 | 730 [ a80 | 610 | 560 | 590 |
dimension | (width) (um) 800 | 920 | 610 | 840 | 710 | 820 |
Hypodermis thickness (um) | 34 20 | 24 | 35 | 35 | 44 |
Mesophyll tissue thickness (um) | 196 | 312 | 184 | 202 [ 188 | 192 | 256
[Number of resin ducts [ 6 8 5 8 B | 5 7
Resin ducts dimension (um) | 132 180 | 134 | 138 [ 132 | 40 | 108

[ 560 | 480 [5.1]14.5
7820 | 800 [es] 146
24 | 44 | 48 (18] 24 |
|
[

192 | 178 |28] 67
5 g (11| 1.3
20 | 40 | 52 [2.4] 51

Transfusion lissue thickness (um) | 390 | 430 | 120 | 410 370 | 350 | 532 | 300 | 350 310 [9.4[11.5
Endodermal cel layer thickness (um) | 52 [T96 | 42 [ 102 | 95 | 40 52 | - 40 | 44 |1.61 1.9
V B. length (um) 328 | 360 | 200 | 366 | 340 | 220 240 | 200 | 240 | 220 |53 68
dimension  [Width (um) | 208 | 224 | 154 [ 238 | 230 | 180 | 248 {212 | 248 | 280 j42| 8.4

5. Effects of needle portion on its structure:

It is clearly that pine needle is largely influenced by needle portion, in
particular differentiation of both mesophyll tissue and resin ducts. Comparing
the anatomical structure of different parts of the needle of the two pine
species, the results in Table (3) and illustrated in Figs. (9 and 10) indicate
that, significant anatomical differences were observed. The middle portion of
the needle is characterized by a wider needle, hypodermis, mesophyll tissue,
presence and wider endodermis. It had also greater number and larger size
of resin ducts as well as more developing vascular tissue compared with
those in the basal and terminal portions of the needle (Fig. 9B). Almost all
the anatomical characters remain particularly unchanged in the terminal
portion of the needle with exception the number and size of resin ducts,
which appears less in number and smaller in size (Fig. 9C).

The results in the same Table indicate that more considerable
anatomical changes took place in the lower portion of the needle of P.
canariensis, including lower degree of a sclerified fibrous hypodermis, thinner
mesophyll tissue without developed internal ridges on the cell walls. In
addition, the endodermal cell layer is still recognizable (Fig. 10A). It is clearly
also that, there is a great similarity between the lower portion of the needle
and the needle produced under shade conditions in P. canariensis. This
similarity may be due to longer needle sheath, which caused etiolation
conditions.

The reductions in needle thickness as well as resin ducts number
and size in the lower portion of the needle are related to shade conditions
and low photosynthetic rate. Shading conditions reduced leaf thickness and
led to low photosynthetic rade (Vidal et al, 1990) and decreased stomata
density (Nii, 1988).
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A : Basal part

B: Middle art C: Terminal part
Fig. (9): Cross sections in different parts of P. halepensis needle
showing the middle portion (B) of the needle had greater
number and larger size of resin ducts compared with basal
(A) and (C) terminal portions (OC. X 10. Obj. x 10).
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A : Basal part

B: Middle part C: Terminal part

Fig. (10): Cross sections in different parts of P. canariensis needle
showing the middle portion of the needle (B) had wider
hypodermis (H), mesophyll tissue (M) and greater number and
size of resin ducts (R) compared with basal (A) and terminal
(C) portionss (OC. X 10. Obj. x 10).
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The results clearly indicate that light is necessary for development of
both the stomata and resin ducts as well as formation of phenolic
compounds. Hartmann (1995) noted that under normal growth conditions,
about 20% of all carbon photosynthesised by plant flow through the
Shikimate pathway and much of it might be used for the synthesis of various -
secondary metabolites.

On the other hand, anatomical examinations of the dwarf stem,
bearing needles, of the pine species showed that the dwarf stem in P.
halepensis contains four vascular bundles (Fig.11A), each two vascular
bundles splits anticlinally to form two needles (Fig. 11B), while in P.
canariensis, the dwarf stem contains six vascular bundles and cortical resin
ducts. Each two vascular bundles diverges and splits periclinally between the
two cortical resin ducts bearing three needles (Fig. 11C). Therefore, the
basal portions of the two pine species contain two lateral resin ducts.

Anatomical examinations of both dwarf stem and the basal portions
of the needle can be predicate with the number of needle per dwarf. These
results may also confirm that, there is correlation between the number of
vascular bundles and cortical resin ducts in the dwarf stem and both are
correlated with the number of needles bearing from dwarf stem. However,
this correlation requires further studies.

6- Effects of shading on needle structure:

Numerous morphological and anatomical changes were noted with
needle grown under shade condition compared with those grown under sun-
light condition.

Morphologically, the needle produced in shade conditions showed

compact, abundant and modified in shape, small in size and shorter in length
compared with sun-light grown needles (Fig. 12).
Comparing the needle structure of the two pine species, data in Table (4} and
illustrated in Figs. (13 and 14) revealed that, the needle structure is largely
influenced by light conditions. The needle developing under shade conditions
(Fig. 13A) had weaker hypodermis, thinner and poorly developed mesophyl
tissue compared with sun-light grown needle (Fig. 13B). The major
anatomical differences between shade and sunlight grown needles of P.
halepensis were represented by the stomata distributions, differentiation of
mesophyll tissue and endodermis as well as number and size of resin ducts.
Stomata are must abundant on the adaxial surface in shade-grown needle
(Fig. 13A). Another anatomical difference in shade-grown needle of P.
canariensis (Fig. 14A) is absence of the internal ridges on the mesophyll cell
wall projecting into the cell lumina. It seems to be an xerophytic character.
The differentiation of endodermis and resin ducts also displays interesting
differences.In shade-grown needle, there is no differentiation of the
endodermis. The resin ducts are lesser in number and smaller in size
compared with those from sunlight grown needles. The reduction in needle
thickness as well as resin duct number and size under shade conditions may
be due to low photosynthesis (Longstreth et al., 1985; Vidal et al., 1990 and
Strauss-Debenedetti and Berlyn, 1994).
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From the above-mentioned results, light conditions seemed to be
very important not only for differentiation of mesophyll parenchyma and
endodermis but also for differentiation of resin ducts

Table (4): Effect of shading and different attitude on needle structure of
P. halepensis and P. canariensis.

Species e
[ P. halepensis P. canariensis .
[ Height Height P
Anatomical characters | £ | . £ e 2| &
T |58 T |§T s | E
2 =z 3 2m | 4m 2 |lZ 8 2m|(4m a ®
7] [ " [ o ®
'—
Needle Eckness {um) | 530 | 580 | 620 | 690 | 540 | 630 | 520 | 690 | 13.3 15.6
dimension idth(um) 710 810 760 800 780 840 760 800 13.9 17.6
Hypodermis thickness (um) 20 36 40 42 24 52 40 42 1.3 1.8
Mesophyll tissue thickness (um) 180 280 158 285 172 256 268 256 4.1 7.6
INumber of resin ducts 4 6 6 :] 3 7 5 8 1.3 1.6
Resin ducts dimension (um) 90 172 175 180 48 108 52 120 24 29
[Transfusion tissue thickness (um) | 300 320 280 240 300 500 340 440 T.7 13.3
naodermal call layer thickness {um) 36 52 40 42 - 60 40 52 1.6 1.8
v.B ength (um) 180 185 300 248 200 232 280 240 8.1 14.1
dimensicn idth (um) 150 238 200 160 160 184 300 248 8.0 15.6

Fig. 11A: Dwarf stem cross section of P. halepensis showing each two
vascular bundles (V.B.) splits anticlinally to form two needles

(OC. X 10. Obj. x 10)
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Fig. 11B: Dwarf stem cross section Fig. 11C: Portion of cross sections of

of P. canariensis. Note, P. canariensis. dwarf stem

the stem contains six showing splits periclinally

vascular bundles and between the two cortical

cortical resin ducts (R), resin ducts (R) bearing

(OC. X 10. Obj. x 10) three needies (OC. X 10.
Obj. x 10)

Fig. 12: Young branches of P. halepensis. Note: the needle developing
under shade condition (B) showed compact, abundant, smallar
size and shorter in length compared with sun-light grown
needles (A).
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A B
Fig. (13): Needle cross sections of P. halepensis grown under shade
condition (A) showing the resin ducts (R) lesser in number and
smaller in size compared with those from sun-light grown needle
(B). (OC. X 10. Obj. x 10)

Fig. (14): Needle cross sections of P. canariensis grown under shade
condition (A) showing absence of the internal ridges on the
mesophyll cell wall and no differentiation of the endodermis
(E) comared with needle grown under sun-light condition (B)
(OC. X 10. Obj. x 10), M, Mesophyll tissue.
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Fig. (15): Needle cross sections of P. halepensis (A) and P. canariensis
(B) at 4 m hight from the soil surfaces, showing the resin
ducts are more in number and larger in size compared at 2 m
hight (Fig. 4 and 5).

7- Effects of position of the needle on the tree on its structure:

Comparing the variation of needle structure taken from different
levels of the tree, the results indicate that significant anatomical differences in
the needle thickness, needle width, mesophyll tissue, number and size of
resin ducts, transfusion tissue and vascular bundles dimensions were
detected among the two heights (levels). All the above mentioned anatomical
characters were increased with an increase in height (Table 4 and Figs 15 A
and B). The hypodermal cell layers as well as number and size of resin ducts
display an interesting difference between the different heights of needles.
The hypodermis became stronger and the resin ducts were more in number
and larger in size at high level from the soil surface (4 m from the soil
surface). The effects of different heights of the needle on its structure were
reported by Hengxiac et al., 1999 and Sheue et al., 2003).

The increase in needle thickness, number and size of resin ducts
caused by the increase of needle height probably due to an increase in the
density of sun-light. It seems that, light is one of most important factors
controlling resin ducts development.

On the other hand, the results in Table (5) indicate that the number
and size ducts in needles were correlated with total phenolic compound
concentrations and consequently correlated with age, portions of the needle,
shading and position of the needle on the tree. In both species, the largest
number and size of resin ducts were found in the middle part of two years-old
needles grown under sunlight condition. While the lowest number and size of
resin ducts were found in the needle developing under shade condition. The
reduction of resin duct number and size as well as phenclic compounds
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concentrations under shade condition may be due to an increase in the
phenois destroying enzymes, i.e., polyphenol-oxidase activity under heavy
shade condition (Al-Brazi and Schwabe, 1984).

From the above mentioned results, it could be concluded that, the
surface of branches, number of needles per dwarf stem, needle sheath and
cone size are the most remarkable morphological differences between the
two pine species. These morphological features including number of needle,
length of needle sheath, nature of the surface of young branches and female
cone dimension are used in identifying both P. halepensis and P.
canariences. needle, needle part, light intensity and height from soil surface.
The most remarkable anatomical differences included distribution, degree of
a sclerified fiorous hypodermis and differentiation of mesophyll tissue. The
number and size of resin ducts also display interesting structural variation
affected by age and part of needle, light density and position of the needle on
the tree.

Table (5): Relationship between number, dimension of resin ducts and
total phenolic compounds concentrations (mg/g fresh weight)
in the needles.

Species
P. haiep_ensr‘s P. canarr:ensis
Chareacters Kot Large resin| ppooeke | Noof Large resin | phanglic
resin dgiucts compounds | resin ducts compounds
ducts l?lr‘n;)ter conc. ducts d1?:’:§)tel’ conc.

A- Age of needle: |
One year-old 6 132 90.4 5 %6 | 671 |
Two years-old 8 180 AL A 120 108.6

B- Needle parts: l
Basal part 5 134 50.3 2 40 28.3
Middle part B 138 85.91 ) 92 59.6
Terminal part 6 130 80.0 5 52 46.1

C- Light condition 1
Shading 5 83 486 | 40 | 215 |
Non shading 6 | 172 g57 | 6 37 | 734

D- Needle position: \ } i 1.

At 2 m height 6 175 1100 | 6 g2 [ FL7
At 4 m height 8 180 1126 | 7 108 | 828 |
IL.S.D. at 5% wE 3.7 54 115 ] =28 1 32 |
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