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DALBERGIA SISSQ0O (Roxb.)

A large tree attaining 60 feet and more with an erect but
not straight trunk is commonly known as sissoo tree. Usually
cultivated and often seif sown throughout India, belongs to
family Fabaceae. Leaflets are 3-5, alternate, broad-ovate, acu-
minate, glabrous whgn old. Flowers yellowish white nearly ses-
sile, in unilateral spikes, which are arranged in short axillary
panicles; ramifications of inflorescence and calyx pilose. Legume
linear 1lanceolate, generally 2-3 seeded. Bark is thick, gray or
pale brown with obliquely longitudinal shallow. fissures and
distant older creep cracks, which tail off into each other. The
wood is diffuse porous with light colored sapwood and brownish
heartwood. Sissoo wood is esteemed highly for all processes where
strength and elasticity are required. It is extensively used for,
boat-building, carts, carriages, agricultural implements and

doors and window frames. It is an excellent and beautiful furni-

ture wood. The raspings of the wood are used in native medicine.

NORMAL TREES
CAMBIAL STRUCTURE:

The cambium is storied with fusiform cambial cells and
cambial ray cells. Fuéiform cambial cells are vertically elongat-
ed and cambial ray cells are short, isodiametric and clustered in

groups (Fig. 7 A). Fusiform cambial cells are arranged in radial
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rows and the cells are more or lesé fectangular in transverse
sections (Fig. 5 A). During dormant period the cambial =zone is
narrow with 4 to 8 layers of undifferentiated cambial cells
intervening between fully differentiated xylem and phloem ele-
ments (Fig. 5 A). During active period the cambial zone is wide
with 6 to 14 layers of cells surrounged by differentiating vascu-
lar elements (Fig. 5 C to E). The fusiform cambial cell cytoplasm
is lightly stained during active period and densely stained
during dormant period. The radial walls are thicker than the
tangential ones particularly during dormant period and posses
deeply depressed primary pitfields at regular intervals (Fig. 7

A)-
CAMBIAL ACTIVITY:

Cambial activity initiates in April (Fig. 5 B), reaches peak
in Aungust with 8 to 14 layers of cells (Fig. 5 E) and declines
ceasing in November (Fig. 5 F) in the main stem. Rapid enlarge-
ment of cambial zone has been observed in August. Cambial activi-
ty 1is intense from July to September but becomes sluggish in

October.

In the young branch, +the cambial activity begins in April,
continues +till July and ceases in August. Cambium in young
branch becomes 4 to 10 layers when it is active and 3 to 7 layer

during dormant period (Table 1).

Seasonal variation in number of cambial layer in the main

stem and young branch are represented in Figure 12.
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CAMBIAL ACTIVITY IN RELATION TO PHENOLOGY:

As a tropical deciduous tree, Dalbergia does not bear
leaves all round the year. The floral and foliar parts begin to
dry in November followed by partial defoliation in December. The
process of leaf shedding completes in January. The trees remain
completely 1leaf less for a month. The cambium is dormant during
the period of leaf drying and defoliation. New leaves and flowers
begin to sprout in February followed by fruit setting in March.
The cambial reactivation starts in the first week of April. When
the trees are with full foliage from May to September, the maxi-
mum activity of cambium is noticed. In October the Cambial growth
is sluggish and ceases in November, when the foliage becomes old.
The relation between cambial activity and phenology is represent-

ed in Table 1.

CAMBIAL ACTIVITY IN RELATION TO CLIMATIC FACTORS:

Reactivation of cambium in normal trees is affected mainly
by temperature. When the average monthly maximum temperature 1is
390C and average daily sunshine hours are 11 in April, the ini-
tiation of cambial activity is noticed. The average monthly
relative humidity is high (74% to 92%) from May to September.
Cambial cell divisions are maximum in Auqust, wﬁen the average
rain fall recorded is highest of the year. Cambial activity

ceases in November following sudden decrease of average maximum

temperature, relative humidity and rain fall.

Fluctuations in meteorological data (Maximum and Minimum

temperature, rainfall, relative humidity and duration of sun
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shine hours) are represented in Figure 1 and 2.

FUSIFORM CAMBIAL CELLS:

Fusiform cambial cells, as seen in tangential secfions are
short, roughly hexangular with abruptly tapered ends. They are
arranged in definite stories (Fig. 7 A). The cells undergo peri-
clinal divisions (Fig. 7 C) producing axial elements in xylem

and phloemn.

DIVISIONAL ACTIVITY:

Periclinal and anticlinal divisions in the cambial zone lead
to production of secondary xyleh and phloem cells and to an
increment in the circumference of the cambium respectively.
Peiclinally dividing cell are noted by the appearance of phragmo-
pPlast in the fusiform cambial cells in tangential sections. Most
of the cells show phragmoplast with developing tangential walls
in August (Fig. 7 C). In October the number of cells with phrag-
moplast decreasés. Anticlinal divisions occur through out the

activity of cambium.
DIMENSIONAL CHANGES:
MEAN LENGTH:

Cell 1length variation is studied in relation to seasonal
activity of the cambium. The average length is maximal (171 pam)
in November and minimal (153 pm ) in July. Cell length decreases
alternately from January to March and increases from April to

May. It decreases in June-July and remains same in August and
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September. The average length of cell undergoes variation during

active and dormant periods of cambium (Table 2).

MEAN WIDTH:

The fusiform cambial cell do not show appreciable seasonal
variation in their tangential width. The maximum (17 um) and
minimum (13 pm) width of fusiform cambial cell is noticed in

February and March respectively (Table 2)

The average length of xylem fibres is greater than that of
fusiform cambial cells. The fibres are 5 to 9 times longer than
fusiform cambial cells during active and dormant periods of
cambium. The xylem fiber length is maximal (1403 um) in January
and minimal (760 um) in October (Table 2). The variations in the
of 1length of fusiform cambial cells and xylem fibres are

represented in Figure 14 A.

CAMBIAL RAY CELLS:

Cambial ray cells are short and more or less isodiametric
giving rise to vascular rays. Cambial rays are uni, bi or multi-
seriate and heterogeneous. However, multiseriate rays are pre-

dominant (Fig. 7 A). The cell walls are beaded during dormant

period.
DIVISIONAL ACTIVITY:

Cambial ray cells usually develop from fusiform cambial cells

by lateral anticlinal or transverse divisions. Developing cambi-
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al rays are observed during active period of cambium. Tangential
divisions in cambial ray cells lead to the development of ray
cells in xylem and phloem. The derivatives of cambial ray cells

undergo relatively little change during differentiation.

DIMENSIONAL CHANGES:

CAMBIAL RAY HEIGHT:

The variations in the mean height of rays exhibit close
similarity with the variations of the mean length of fusiform
cambial cells. The ray height increases in April with the reacti-
vation of cambium. It decreases gradually from May to July and
increases in August, when the maximum cambial activity is record-
ed. The ray height is maximal (130 Pm) and minimal (93 Pm) in
November and July respectively (Table 4 and Fig. 15 A). 1In
comparison, the average ray height is less than the average

length of fusiform cambial cells.

CAMBIAL RAY WIDTH:

The average ray width increases and decreases alternately in
the year. The ray width is maximal (41 Pm) and minimal (25 pm) in

August and June respectively. The mean variations in width are

represented in Table 4 and Fig. 15 B.

CAMBIAL RAY CELL DIAMETER:

The tangential cambial ray cell diameter variations are
gradual before the reactivation, whereas they are abrupt during

and after the active period of cambium. The tangential diameter
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is found to be lowest (14 pm) in June to September and October

and highest (18 pm) in August (Table 4 and Fig. 15 C).

CAMBIAL RAY POPULATION:

The average number of rays passing through one cm tangential
width of cambium is represented in Table 4. The averagé number
records lowest (171) in April when the reactivation of cambium
occurs. The number increases gradually from May to June and
decreases and increases alternately in the remaining months. The

ray population is maximal in March and August (Fig. 16).

DEVELOPMENT OF VASCULAR TISSUES:

The xylem and phloem differentiation and cessation are
simultaneous in April and November respectively (Fig.12). The
rate of cambial cell differentiation is more in August with
maximum number of differentiating xylem (14-22) and phloem (4-9)
elements. The cell divisions are rapid on xylem side than phloem
side. The rate of differentiating vascular elements decreases

from September to October.

Phloem derivatives develop into sieve tube members, compan-
ion cells, parenchyma cells and fibres. Sieve tube elements are
storied with a large P-protein body lying either in the middle or
near the sieve plate of each element. The concentric phloem fibre
bands are not continuous and alternate with bands containing
sieve tubes and parenchyma cells (Figs. 8 A, 11 A). The sieve
tube elements are with simple and transverse sieve plate (Fig. 8

B) and solitary lateral sieve areas. The parenchyma which are
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adjoining to the tangential bands of fibres mainly consist of
rhomboid crystals. Non-functional phloem can be easily distin-
guished from functional one by the'presence of dark contents in

parenchyma cells and massive callose on sieve plates in last

formed phloem.

The xylem derivatives develop into vessel elements, and
bands of parenchyma (Fig. 8 C} and fibres. Xylem is diffuse
porous with pitted (Fig. 11 E) solitary vessels. The parenchyma
is of aliform confluent broad type. The parenchyma cells are
loaded mainly with starch grains and rarely with crystals (Fig.
11 C) . The vessel elements produced at the end of the growth

season have narrow lumen diameter.

DEVELOPMENT, LENGTH AND WIDTH OF VESSEL ELEMENTS:

The cells developing into vessel elements elongate slightly
and expand laterally often so strongly that their ultimate width
exceeds their height. The average length of fusiform cambial
cells is more or less similar with the average length of vessel
elements in August, November and December. The vessel element
length increases and decreases alternately during active period
of cambium. The length is maximal (175 Pm) in May and is minimal
(136 Fm) in July. The average width is more than the length from
January to Aéril. The vessel element width records lowest (109
Pm) in August when the cambium is at it's peak activity. The
variations in average length and width of vessel elements are

represented in Table 3.
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VESSEL LUMEN DIAMETER:

The average vessel lumen diameter ranges from 140 pm to 186
jam in different months of the year. The lumen diameter is maximum
when the cambium is active (June). The variations in average

diameter is represented in Table 3 and Figure 17 A.

NUMBER OF VESSELS:

2 .
The number of vessel per 0.5 mm of xylem is studied in

transverse sections and represented in Table 3. The average
number 1is less (3) in January and December and more (6) in June

(Figs. 8 E, 17 B).

GROWTH RING WIDTH:

With the addition of new cells to the face of the previous
year's xylem, the growth ring boundary could be discerned (Fig.
44 A). The parenchyma cells in the growth ring boundary are with
either crystals or brownish tanniniferous contents (Fig. 8 D).
The width of the current years and last years xylem is 4.5 mm and

4.1 mm respectively (Table 19}).
HIST STRY:
STARCH:

Starch grains are small and round in fusiform and ray
cambial cells. Cambial ray cells contains starch all through the
vear except when active divisions are taking place in cambium

(Fig. 10 A). In xylem of main stem high accumulation of starch is
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observed in parenchyma before and after the cambiai growth (Fig.
9 (C). During the active cambial cell divisions and differentia-
tion (June-August), both ray and axial parenchyma are with low
starch content (Table 5 and Fig. 9 A). The starch grains in ray
parenchyma of xylem are elongated, rod like (Fig. 10 C). In
phloem, starch storage reaches peak before the commencement of
defoliation. In gegeral accumulation of starch is less during

dormant period of cambium. The starch grains are round and rela-

tively smaller in both axial and ray parenchyma cells (Fig. 9 E).

Xylem of young branch has low content of starch prior to the
cambial cell division. After the cessation of activity, starch
accumulation increases in both ray and axial parenchyma. Phloem
starch accumulation is low in March, July and October and high in
February (Table 5). The pith region of young branch has low ac-
cunlation of starch (Fig. 9 G). The overall phloem starch ac-
cumulation pattern of branch coincides with that of main stem.
Seasonal starch content in cambium and parenchyma cells of xylem

and phloem is represented in Table 5.

LIPIDS:

Lipid bodies are observed in both fusiform and ray cambial
cells when the cambium is dormant. The size and concentration of
1ipid bodies are found to be more in the cambial cells and vascu-
lar elements in February (Fig. 10 D). In general the storage of
lipids is more in cambial ray cells than in fusiform cambial

cells.
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PROTEINS:

Protein bodies could easily be detectable in cambial ray
cells during dormant period. In fusiform cambial cells they are

of small size and found mostly along the walls.
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AFFECTED TREES

CAMBIAL STRUCTURE:

The structure of cambium is similar to that of normal trees
(Fig. 7 B). The storied cambium is composed of fusiform and ray
cambial cells. During dormant period the cambial zone is narrow

with 4 to 8 cells in each radial file, while in active period, it

is wide with 7 to 14 layers of cells.

CAMBIAL ACTIVITY:

Cambial reactivation occurs in June and the cell division
reaches maximum in August (Fig. 6 E) with 8 to 14 layers of
cells. The cambial activity gradually declines in October and
ceases in November (Fig. 6 F). The cambium remains dormant (Fig.
6 A-C) with thick cell walls in April and May (Fig. 6 B-D).
Cambial cell division and differentiation lasted for five months
i.e. June to October. In young branch the activity occurs in two
growth flushes. The first flush of activity begins in June and
ceases in August. The second flush of activity begins in Septem-
ber and declines in October. The cambium remains dormant in
November. Peak activity in second flush of branch cambial growth
occurred in September with 8 to 12 layers of cells in cambial

zone (Fig. 13).

Ar————— S ———t i ——— o dm et et  lobbes

Complete defoliation is not observed in affected trees. The
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foliar parts began to dry in December followed by partial defo-
liation and sprouting of new leaves in February. Flowering and
fruiting are noticed along with developing new leaves in March.
Reactivation of cambium begins in the first week of June, when
the trees are with mature leaves and undergoing partial leaf
fall. Visible symptoms of air pollution like necrosis and brown-
ing on leaves are eviden; in July. The maximum cambial activity
is noticed from July to October when the trees are with full
foliage. Abrupt cessation of cambial activity coincides with the

foliage parts becoming old in November. The relation between

cambial activity and phenology is represented in Table 1.

e ————.  ——— e . e i vt

Cambial activity is initiated when the mean maximum temper-
atures (BSOC) and average sunshine hours (8 1/2 hrs) are rela-
tively high and moderate rainfall recorded with 82% relative
humidity. The average monthly relative humidity is high (84 to
92%) from July to October when cell divisions occur actively in
the cambial zone. Cambial cell divisions are maximal in August
when the average monthly rainfall is highest (Fig. 4 B) and aver-
age sunshine hours are minimum (Fig. 3 A). The decrease in mean

maximum temperature, relative humidity and no rainfall coincides

with the cessation of cambial activity in November.

FUSIFORM CAMBIAL CELLS:

The structure, shape and arrangement of fusiform cambial
cells of affected trees are similar to that of normal ones.

During the active period the radial walls are thin and most of
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the cells show phrégmoplast arc on either side of the developing

tangential wall in August (Fig. 7 D).
DIMENSIONAL CHANGES:

MEAN LENGTH:

The mean length of fusiform cambial cells undergo variations
during active and dormant periods of cambium. The cell length is
less in active period than that of dormant period. The mean cell

length ranges from 151 to 172 jm in different months of the year

(Table 2).
MEAN WIDTH:

Mean fusiform cambial cell width decreases prior to the
cambial reactivation in May. The cell width is maximal (28 pm) in

November and minimal (13 Fm) in May (Table 2).

e e — e R R,

The average length of fibres is more during dormant period
of cambium and it ranges seasonally from 981 pm to 1230 pm . In
active period, the xylem fibre length increases gradually from
June to August and then decreases in September with a marginal
increase in October. Fibres are 6 to 8 times longer than fusiform

cambial cells (Fig. 14 B).

CAMBIAL RAY CELLS:

The structure, shape and divisional activity in general is

similar to that observed in normal trees.
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DIMENSIONAL CEANGES:

CAMBIAL RAY HEIGHT:

The average ray height is relatively more during dormant
period of cambkium. The ray height is minimal (97 Pm) in September

and maximal (%37 pm) in January (Fig. 15 A). '

CAMBIAL RAY WEDTH:

The average ray width is minimal soon after the peak activi-
ty of cambium. In general the average ray width is more in af-
fected trees. The cambial ray width ranges from 26 pm to 51 pm in

different months of the year (Fig. 15 B).

CAMBIAL RAY CELL DIAMETER:

Cambial ray cell diameter decreases and increases alternate-
ly in the year. In comparison to normal trees, much variation in

cambial ray cell diameter is not found in affected trees (Fig. 15

C).
CAMBIAL RAY POPULATION:

The average number of rays passing through one cm tangential
width in cambium is found to be less in affected trees. The ray
population is maximal (216) in August and minimal (146) in Febru-

ary (Fig. 16).

The variations in cambial ray height, ray width, cambial ray

cell diameter and ray population are represented in Table 4.
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DEVELOPMENT OF VASCULAR TISSUES:

The differentiation and cessation of phloem and xylem is
simultaneous in June and November respectively. The rate of
differentiation is maximal in August with an average of 47 xylem
elements. Phloem differentiation is maximal in September with 6
to 7 derivatives (Table 1). The structure of phloem and xylem is

similar to that of normal trees (Fig. 11 B).

DEVELOPMENT, LENGTH AND WIDTH OF VESSEL ELEMENTS :

The development of vessel elements is similar to that of
normal trees. The average length of vessel elements is more or
less similar to the average length of fusiform cambial cells at
the end of cambial activity. The length recorded is maximum (169
Fm) and minimam (136 Fm) in November and January respectively.
The average vessel element width ranges from 105 jpm to 213 Jm in
different months of the year. The mean width of vessel element is
more than its length except in May, November and December. The
mean length and width of vessel elements is represented in Table

3.
VESSEL LUMEN DIAMETER:

The average vessel lumen diameter is less in affected trees
than that of normal ones. The lumen diameter is relatively more
during active period (Table 3). The diameter is maximal (113 Fm)
in June. The variations in vessel lumen diameter are represented

in Figure 17 A.
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NUMBER OF VESSELS:

2
The number of vessels per 0.5 mm xylem ranges from 4 to 7

in the year (Table 3). In comparison to normal trees, the number
of vessels is more in dormant period and is less in active period
in affected trees. The variations in average number of vessels

are represented in Figures 8 F and 17 B.

GROWTH RING WIDTH:

The growth ring boundary could easily be discerned in xylem.
The width of the growth ring is found to be more in affected
trees (Fig. 44 B). The width of the annual increment of xylem for

the two successive years is 4.5 mm and 5.6 mm (Table 19).

~

HISTOCHEMISTRY:

STARCH:

Cambial ray cells possess starch grains all the months
except in April, June, July and September. In fusiform cambial
cells the starch is not localized. In cambial ray cells starch
grains appear in groups (Fig. 10 B)}. Starch accumulation is more
in axial and ray parenchyma of xylem during dormant period of
cambium (Fig. 11 D and F). The high content of starch in xylem of
affected trees could easily be distinguished with microscopic
observations (Fig. 89 B and D). During active period of cambium
{(June to October) the xylem parenchyma has low content of starch.
Phloem starch accumﬁlation is more before and after the cambial
activity (Fig. 9 F). The starch acc;mulation in storage tissues

of affected trees is more than that of normal trees.
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In the branch xylem, parenchyma has low content of starch
prior to the cambial activity and even after the cessation of
cambial activity in November. However, the cells are loaded with
starch in December. In general, starch accumulation is more in
branch xylem of affected trees. Dissolution of branch phloem
starch starts in February, well before the beginning of cambial
activity. During dormant period the branch pith region accumu-

lates more starch (Fig. 9 H and Table 6)}.

LIPIDS:

Lipids are observed in both fusiform and ray cambial cells.
Lipid bodies are found to be more in cambial cells during dormant
period than active period. The lipid bodies are found to be less

in affected trees than that of normal trees.
PROTEINS:

Much variation is not noticed in storage of proteins in

affected trees from that of normal trees.
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TAME 1 : DATA (N PHENDLOGY, AVERAGE NUEER OF CA'BIAL  LAYERS AND DIFFERENTIA-
TING XYLEM AND PHLOEM ELEFENTS IN NORMAL (W) AND AFFECTED (A)  TREES OF
DALBERSIA SISS00
FIONTH FHENOL0GY MAIN STEM  YOUNG BRANCH XYLEM PHLOEH
N A N A N A N A N é
N COMFLETE FULL FOLT AGE 6.14 656 4.78 4.92 -~ - - -
DEFOLTATION +1.67 +8.85 #0.56 +8.74 - - - -
FEE  DEVELOMENT  PARTIAL DEFOLI- 4.8 6.8 4.9 3.6 - - - -
OF LEAVES & ATION AND DEVE- +8.84 +8.68 .59 +8.53 - - - -
FLOVERTNG LOPFENT OF
LEAVES
MAR  MATURITY OF  PATURITY OF 5.9 65 4.2 3.8 - - - -
NEW LEAVES  NEW LEAVES 19,81 0,53 8.4 H0.462 - - - -
FRUITING FLOMERING &
FRUITING
APR  FUL FOLIAGE FULL FOLIAGE 8.6 5.4 58 44 3 - 3 -
.78 +1.01 +1.25 19.98 0.7 - .63
MAY  FULL FOLIAGE FLEL FOLIAGE 6.6 3.8 7.8 43 55 - 3 -
10,78 +8.88 +1.38 8.77 .89 - 1.5 -
JN  FUL FOLTAGE FULL FOLIAGE 7.5 9.8 64 67 7.2 168 3.2 4.4
(Fartial .96 1843 +1.07 +1.19 .49 +2.89 #8.87 48.94
leaf fall)
JU.  FUL FOLTAGE FULL FOLTAGE 7.6 9.2 43 42 4.6 35 47 4.3
10,92 +.04 +8.75 +8.97 +1.96 +10.20 +1.84 +1.14
AU FULL FOLIAGE FULL FOLIAGE 18.3 114 5.4 49 3B 47 b4 6.5
+1.68  +1.58 48.93 +1.B6 47.56 +8.72 +1.76 +1.67
SEF FULL FOLIAGE  FUL LFOLIAGE 18.2 18.4 3.8 8.6 142 5.8 &3 6.8
.20 +H.32 4873 L. 13.57 46,69 +1.41 .88
OCT  FULL FOLIAGE  FULL FOLIAGE bub 18,2 37 3.8 5.6 3.4 44 43
12,55 #.61 H.17 .19 48.95 49.18 +1.79 +1.86
NV FULL FOLIAGE FULL FOLIAGE 5.8 6.1 41 42 - - - -
.48 1055 49.92 W78 - - - -
DEC  PARTIA FULL FOLIAGE 5.8 6.1 4.6 43 - - - -
DEFOLIATION .77 49.84 .2 .85 - - - -




TAE 2 : SHOWING THE DIFENSIONAL DETRILS OF FUSIFORM CAFBIAL CELIS AND XYLEM FIERES
NORFAL. (N) AND AFFECTED (A) TREES OF DALBERGIA SISSO0

IN

FUSIFORM  CAMBIAL  CELLS XYLEM  FIBRES
FIONTH LENGTH Cus) WIDTH (um) LENGTH (wn)
N A N A N A
JAN 161 148 .15 14 1483 1118
+18.84 +9.42 +2.81 £2.75 +162.00 +113.48
FER 162 172 17 15 910 12358
47,69 +10.99 +2.51 +2.61 +119.79 +197.26
PR 155 163 13 14 174 1853
16,45 +16.88 2,66 +2.87 +168.65 +161.15
éPR 158 162 14 17 1842 981
5.5 24,94 +1.87 +2.67 +152.33 +171.43
maY 164 152 14 13 1111 1919
+6.29 +3.58 +2,22 2,682 +141.2 +183.89
JUN 161 166 15 16 1847 %8
+.78 +71.98 42,31 +2.79 +131.88 +178.00
L 153 153 14 16 964 1639
48,32 +7.58 +3.14 £2.15 +191.82 +205.55
oG 154 144 15 17 898 1186
47,45 +12.24 +2.17 +2.13 +163.71 £131.49
SEF 154 195 14 16 978 1695
+16.91 8,55 +1.98 1,92 +165.30 +169.75
oot 162 151 15 15 768 1186
47,95 +26.94 +1.94 +2.54 +158.49 +131.47
NV 171 147 15 18 974 1844
+16.3% +7.86 2,55 +1.89 +134.41 +126.09
IEC 169 155 15 14 1898 1084

48,32 +10.99 42,17 +1.87 +129.85 +102.52




TARLE SHOWING THE DIMENSIONAL DETAILS OF VESSEL ELEMENTS AND AVERAGE MUITER OF UESSELS
2 L
FER 8.5 mm TN NORMAL (N) AND AFFECTED (A) TREES OF DABERGIA SISSOD
A
FIONTH LENGTH (wm WIDTH (um) LUFEN NUEER OF
DIAMETER (um) VESSELS
N A N A N A i A
JAN {59 136 195 140 148 178 3 5
477,48 5.8 437.8 +33.3 +37 +41 H0.67 #1141
FEB 145 151 175 146 148 175 4 7
HB.9 49879 437.8 +36.54 +38 +35 10,92 +1.25
MR 144 149 169 213 165 142 4 5
+19.59  +18.68 4584 +50.8 +58 +54 H.39 8.9
AR 152 144 209 153 156 139 4 5
s2.05 405.37 4579 +38.26 +43 +43 #.28  +1.63
HAY 175 141 129 178 162 138 5 4
415,12 422,98 438.68 +37.19 +57 +45 HL1 48.83
aN 145 154 162 199 186 113 6 5
#17.96 16,58 +45B.30 9798 +56 +56 .20 .5
JL 136 151 158 163 169 164 5 3
4215 42255 48339 47545 +53 +34 +#.31 +.08
ALG 151 158 111 205 149 150 5 4
H19.81 426,85 43131 7.8 +48 +50 +1.88  +B.67
SEP 149 137 136 178 171 138 5 4
2838 HIB.11 436,69  440.82 +47 +57 #.26  +1.00
act 143 148 119 159 173 155 5 4
£7.29  +18.59 4152 432 +58 +39 +1.48  +0.09
NV 172 169 17 165 178 137 4 4
H22.05 42642 H9.23 #5.33 +41 451 +1.07  +1.63
DEC 178 156 169 117 1680 18 3 5
121,85 +16.52 43113 49 +26 +1.03 +1.02 +2.84




TARLE 4 @

SHOWING THE DIMENSIONAL DETAILS AND FPOPULATION OF CAMBIAL RAYS IN NORFAL (W) AND
AFFECTED {A) TREES OF DALBERGIA SISSOD

MOWTH HEIGHT C(um} WIDTH (wun) RAY CELL FOPULATION/cu
DIAETER {(uwm)
N A N A N ) W A
JON 118 7 137 33 ol 16 i9 184 178
+15.78 +14,13 +45.28 +7.85 +.57 +3.94 +3.78 3602
FEE 123 134 37 48 17 17 it 7] 144
+17.27 +12.62 7,99 +8.94 +2.98 +2.19 15.84 12.83
AR 184 118 27 31 15 15 228 267
+17.63 +17.78 +6.40 +5.49 +3.72 +2.55 +2.9 +5.2
AR 120 117 32 38 16 16 171 23
+17.47 +21.88 +7.72 17.19 12.77 12.95 +3.1 +4.6
mAY 112 118 32 52 14 14 198 184
+18.99 +13.81 +8.32 +#.78 #3.24 +#2.81 +3.8 5.3
JUN 161 114 ] 34 14 14 213 194
+21.98 +26.62 +7.74 +18.84 +3.45 +2.84 +3.4 +5.8
JL 3 12 22 39 15 17 2835 ig4
23,55 +18.84 +8.32 +11.67 +2.98 3.6 +4.8 3.5
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Fig. 1.

A graphic representation of mean maximum and minimum temper-
ature recorded at the meteorological Centre, M. 8. Universi-

ty of Baroda in the year 1990.
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Fig. 2.
A graphic representation of average rainfall and relative
humidity recorded at the Meteorological Centre at M. S.

University of Baroda in the year 1990.
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Fig. 3.
A graphic representation of mean maximum and minimum temper-
ature and average sunshine hours recorded at Meteorological

Centre , Vasad in thé year 1990.
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Fig. 4.
A graphic representation of average rainfall and relative

humidity at Meteorological Centre, Vasad in the year 1990.
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Fig. 5

A-F: Transverse sections of cambium of normal trees.

A. Dormant cambium in March. x 325.

B. Cambial =zone in April showing periclinally divided cells. x
325.

C. Cambial zone with differentiating xylem elements in May. x
420. '

D. Fusiform cambial cells in May showing thin radial walls and
newly formed tangential walls (arrow). x 825.

E. Cambial zone surrounded by differentiating phloem and xylem
elements in August. x 194.

F. Dormant cambium in November. x 206.

CZ : Cambial Zone; DX : Differentiating Xylem; Ph : Phloem;
XY : Xylem -
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Fig. 6

A-F: Transverse sections of cambium of affected trees.

A.
B.
C.

D.

Dormant cambium in March. x 340.
Inactive narrow cambial zone in April. X 260.
Dormant cambium in May. x 260.

Dormant fusiform cambial cells with thick radial walls
{(arrow). x 825.

Cambial zone with differentiating phloem and xylem elements in
August. x 281.

Narrow cambial zone after the cessation of cell division in
November. x 300.

CZ: Cambial Zone; DX: Differentiating Xylem; PH: Phloem;
V: Vessel; XY: Xylem '
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Fig. 7

A-D: Tangential sections of cambium.

A.

Storied arrangement of fusiform and ray cambial cells in dor-
mant cambium of normal trees. x 237.

Fusiform and ray cambial cells in dormant cambium of affected
trees. Arrow indicates beaded radial wall of fusiform cambial
cell. x 275.

Active cambium of normal trees showing periclinally dividing
fusiform cambial cells. Arrows indicate phragmoplast on either
ends of cell plate. x 420.

Active cambium of affected trees showing periclinally dividing
fusiform cambial cells. x 275.

CP: Cell Plate; FC: Fusiform cambial cell; RC: Ray cambial
cell
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Fig. 8

A~F: Transverse sections of phloem and xylem.

A..

B.

General structure of the phloem. x 120.

Adjacent sieve tube elements showing simple sieve plates with
open sieve pores. x 750.

Axial parenchyma band alternating with fibre bands in xylem. x
200. -

Xylem growth ring boundary demarcated by the tangentially com
~pressed darkly stained parenchyma cells (arrow). x 219.

Xylem showing the distribution of solitary vessels in normal
trees. x 44.

Distribution of solitary and radial multiple vessels in affect
-ed trees. x 44.

AP: Axial Parenchyma; F: Fibres; P: Parenchyma cells; S: Sieve
elements; V: Vessel

”
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Fig. 9

A-F: Radial longitudinal sections of xylem and phloem,

G-~H: Transverse sections of branch.

A.

Starch distribution in xylem parenchyma of normal trees in
August. x 175.

Starch distribution in xylem parenchyma of affected trees in
August. x 175.

. Xylem axial parenchyma of normal trees with starch in Decem

-ber. x 188.

Starch distribution in both axial and ray parenchyma of xylem
of affected trees in December. x 188.

Starch distribution in axial and ray phloem parenchyma of
normal trees in February. x 360.

Starch distribution in axial and ray phloem parenchyma of
affected trees in February. x 420.

Starch distribution in young branch of normal trees. x 112.

Starch distribution in young branch of affected trees. x 112.

AP: Axial Parenchyma; P: Pith; RP: Ray Parenchyma; XY: Xylem
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Fig. 10

A-D: Radial longitudinal sections of cambium and its derivatives.

A.

Distribution of total polysaccharides in cambial ray cells of
normal trees. x 850.

Distribution of total polysaccharides in cambial ray cells of
affected trees. x 850.

Distribution of oval and elongated total polysaccharides in
axial and ray parenchyma cells of xylem. x 320.

Distribution of lipid bodies in fusiform cambial cells of af-
fected trees. x 320.

AP: Axial Parenchyma; FC: Fusiform Cambial Cell; PH: Phloem;
RC: Ray Cambial Cell; RP: Ray Parenchyma; Sg: Starch grains;
XY, ZXylem
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Fig.

A-D

11

: Transverse sections (unstained) viewed under Flourescence
microscope.

E-F: Tangential 1longitudinal sections viewed under scanning

electron microscope.

Phloem and xylem of normal trees with lignified cells as seen
under fluorescent light. x 77.

Phloem and xylem of affected trees with lignified cells as
seen under fluorescent light. x 96.

Xylem axial parenchyma and fibres shOW1ng lignified walls in
normal trees. x 240.

Xylem axial parenchyma and fibres showing lignified walls in
affected trees. x 240.

Vessel element lateral walls showing alternate pitting pat
-tern. x 950.

Xylem ray parenchyma cells showing starch grains. x 3800.

AP: Axial Parenchyma; PH: Phloem; Sg: Starch grain; V: Vessel
element
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Fig. 12.
Schematic diagram illustrating the seasonal variation in the
mean number of cell layers in cambial zone in the main stem

and young branch and differentiating xylem and phloem elements

in the main stem of normal trees.
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Fig. 13.
Schematic diagram illustrating the seasonal variation in the
mean number of cell layers in cambial zone in the main stem

and young branch and differentiating xylem and phloem elements

in the main stem of affected trees.
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Fig. 14.
Histogram showing seasonal variation in mean length of xylem
fibres and fusiform cambial cells.

A: Normal B: Affected
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Fig. 15.
Graphic representation of seasonal variation in cambial ray

height (A), width (B) and diameter of ray cells (C) in pm.
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Fig. 16.
Histogram showing seasonal variation in cambial ray popula-

tion in one cm tangential width of cambium.
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Fig. 17.
Graphic representation of seasonal variation in vessel lumen

2
diameter in um (A) and number of vessels/0.5 mm (B).
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HOLOPTELEA INTEGRIFOLIA (Roxb.) Planch.

A tall 15-20m high sometimes with buttressed base, common
tree in deciduous forests all over India. It is usually known as
Indian Elm tree or Kanju as a trade name, belongs to family
Ulmaceae. Bark is grayish white with pustules. Leaves are ellip-
tic point elongated, smooth with entire margin and round base.
Flowers are minute greenish yellow, polygamous in short racemes
or pyramidal clusters. Fruit is a sub-orbiculur samara with mem-
branous wing and edible seed flat like a coin. The fruits rain
down in the breeze during May-June. The wood is diffuse porous,
light yellow with pleasant odor when freshly cut. No distinct
heart wood. Employed in building for casts carving. Much used for

fuel and charcoal. Durability uncertain.

NORMAL TREES

CAMBIAL STRUCTURE:

Cambium in Holoptelea is storied comprising of two types of
cells. 1) Fusiform cambial cells which are arranged in definite
vertical rows or tiers. 2) Cambial ray cells which are short
isodiametric or horizontally elongated and clustered in groups
(Fig. 20 A). The cambial initials and their immediate derivatives
form cambial zone. Cambium is not active throughout the year but
shows variation, resulting in two periods of growth-the active

and dormant. Cambial zone is narrow during dormant period with
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radial files having 4 to 7 layers of cells and wide during active
period with 4 to 13 layers of cells (Fig. 25). Periclinal and
anticlinal divisions occur in cambial zone cells leading to an
increment in the vascular tissues and cambial cylinder. Radial
walls are thick with beaded pattern during dormant period (Fig.

20 C).

CAMBIAL ACTIVITY:

Cambial activity occurs in two growth flushes during the
annual growth. It is initiated first in March (Fig. 18 A, B) and
declines in the first week of April (Fig. 18 C). The second
flush of activity begins with bulging of cambial cells towards
xylem in May, with differentiating xylem elements in June (Fig.
18 D) and reaches peak in August (Fig. 18 E, F). Cambial activity
is sluggish in October (Fig. 18 G} and ceases in November-
December (Fig. 18 H, 1). Cambial zone is with 4 to 7 layers of
cells during dormant period and 8 to 13 layered during the peak

activity in August.

In young branches cambium shows three growth flushes i.e.
March, May to Qctober and December. In all the three flushes the
cambial =zone is wide with many layers of cambial cells. Cambial

cell divisions are maximal in August (Fig. 25 and Table 7).

CAMBIAL ACTIVITY IN RELATION TO PHENOLOGY:

The trees undergo defoliation in January-February. Cambium
remains dormant during this period. Young leaves develop from

March to June. During this period except in April, the cambium is
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fairly active. Cambial cell division reaches maximum when trees
are with full foliage in August. On maturation of leaves in
November, cambial activity declines and activity ceases with
drying of leaves in December. Fruiting coincides with the reacr-

tivation of cambium in March.

CAMBIAL ACTIVITY IN RELATION TO CLIMATIC FACTORS:

The reactivation of Cambium occurs in March when the mean
maximum temperature is 340. The second flush of activity begins
in May when the maximum temperature is 38.80 along with fairly
high (67) relative humidity. The cambial activity reaches peak in
August when the season's highest rainfall (461lmm ) occurred. As
the maximum temperature decreases, the cambium enters dormancy

condition in November. The meteorological data is presented in

Figure 1 and 2.

FUSIFORM CAMBIAL CELLS:

In tangential sections, fusiform cambial cells are short,
roughly hexangular in outline with abruptly tapering ends. They
are arranged in more or less definite horizontal rows or storeys
(Fig. 20 A). At times the storied arrangemeht seems to be dis-
turbed due to the elongation of the tips of the cells beyond the
limit of the storey. This appears as an intermediate stage of
cambium between storied and nonstoried condition. The cells are
arranged in radial rows and are rectangular in transverse sec-

tions. The radial walls are thicker than tangential ones.
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DIVISIONAL ACTIVITY:

Divisions of cambial cells form new xylem, phloem and cambi-
um itself. The former is accomplished by periclinal divisions and
latter by anticlinal divisions. Periclinally dividing fusiform
cambial cells reveal phragmoplast on either side of tangentially
growing cell walls. Such newly growing cell walls are commonly
noticed during peak agtivity of cambium (fig. 20 D). Anticlinal
divisions in cambial zone results daughter cells lying side by
side maintaining the storied arrangement. However, the daughter
cells enlarge tangentially which necessitates the radial expan-

sion of cambial cylinder.

DIMENSIONAL CHANGES:

MEAN LENGTH:

The mean length of fusiform cambial cells undergoes changes
during the periodicity of cambium. The average length increases
from January to February and declines in March, when the cambial
reactivation occurs. The length gradually decreases from July to
August with an abrupt increase in September. At the end of second
flush of cambigl activity, cell length decreases in November and
then increases in December. The minimum and maximum length of the

cells are 200 um and 272 um in March and October respectively

{Table 8).
MEAN WIDTH:

The tangential width of fusiform cambial cells doesn't vary
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much during the periodicity of cambium. The width increases from
January to April and decreases in May. After a marginal increase
in August the mean width remains same till the end of second
flush of activity. The mean minimum and maximum width of cells

are 12 pm and 16 pm in April and June respectively (Table 8).

LENGTH VARIATION IN RELATION TO XYLEM FIBRE LENGTH:

The mean length of fusiform cambial cells and xylem fibres
are more or less closely related throughout the year. The length
of xylem fibres is greater than that of fusiform cambial cells
(Table 8). Fibres are 4.2 to 5.6 times longer than fusiform
cambial cells during the annual growth period. In October, the
mean length of fusiform cabial cell and xylem fibre are highest
measuring 272 pm and 1302 pm respectively. Seasonal changes in
length of fusiform cambial cells and xylem fibres are presented

in Figure 27 A.
CAMBIAL RAY CELLS:

Cambial ray ceils are almost isodiametric or slightly elon-
gated in the radial direction. Rays are storied and are uni, bi
and multiseriate. However, multiseriate rays are predominant in
the cambium. Sheath cells are present at the margins of the
rays. The protoplasm of cambial ray cells contain ergastic sub-
stances like starch, lipid and protein bodies (Fig. 20 C). Cambi-

al rays undergo both the vertical and tangential fusion.

DIVISIONAL ACTIVITY:

Cambial ray cells originate by divisionsg of fusiform cambial
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cells. Either a complete or a part of fusiform cambial cell
undergoes divisions forming cambial ray cell initial. A short
cambial ray cell intial formed by lateral anticlinal division of

fusiform cambial cell also gives rise to cambial ray cells.
DIMENSIONAL CHANGES:
CAMBIAL RAY BEIGHT:

The cambial ray height varies from 114 jm to 210 pam during
the seasonal c¢ycle. The ray height increases along with the
length of fusiform cambial cells from January to February. During
the second flush of activity the ray height decreases and reaches
minimum in June. There is a gradual increase in ray height from
July to September and the height decreases in October. The ray
height increases sharply in November and reaches maximuam in

December (Table 10).
CAMBIAL RAY WIDTH:

The cambial ray width ranges from 24 pm to 37 jm. Ray width
increases from January to February, then in remaining months, it

decreases and increases alternately (Table 10).
CAMBIAL RAY CELL DIAMETER:

The average diameter of the cells increases from January to
February and then decreases during first flush of activity. The
mean maximum and minimum cambial ray cell diameter is 15 jam and

12 pm respectively (Table 10).

The wvariation in ray height, width of cambial ray and dia-
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meter of cambial ray cell is represented in Figure 28.
CAMBIAL RAY POPULATION:

The average number of rays per one cm tangential width of
cambium ranges from 133 to 159. The variation in number of cambi-
al rays do not show any appreciable relation with cambial activi-
ty and dormancy. The ray population increases and decreases
alternately from January to April. The average number increases
in October, remains same in November and decreases in December.
The number of rays occurring in different months is presented in

Table 10 and Figure 29.
DEVELOPMENT OF VASCULAR TISSUES:

Periclinal divisions in the cambial zone cells give rise to
new cells towards phloem and xylem. Divisions occur in the cells
adjacent to both phloem and xylem side. During the first flush of
activity both zxylem and phloem derivatives are produced and the
activity ceases temporarily in April. The second flush of activi-
ty starts in May, where a few periclinal divisions occur on xylem
side of cambium. Differentiation of =xylem precedes that of
phloem. The rate of cell differentiation exceeds that of cell
divisions in cambial zone in June (Figs. 18 D and 25). The
number of differentiating phloem elements are maximal in the
’month of August. The cambial cell division and differentiation

cease in November and December respectively.

The phloem derivatives develop into sieve tube elements,

companion cells and parenchyma cells. Sieve tube elements alter-

41



nate with phloem parenchyma (Fig. 21 A). Discontinuous rhloem
fibre groups are found abundantly in non-functional phloem (Fig.
24 C). The last formed functional phloem elements close to the
cambial zone lack fibres. Sieve tube elements are with simple
sieve plates and linear solitary lateral sieve areas. P-protein
is copious and occurs as a plug near the sieve plate. Phloenm
parenchyma cells are grouped in definite bands and often seen
filled with rhomboid crystals. Phloem anastomoses with short

gieve tube elements are commonly found (Fig. 21 C).

The zxyvlem derivatives from cambium, differentiate into
vessel members, parenchyma cells and fibres. The xylem is of
diffuse porous type with solitary and radial multiple vessels.
The xylem parenchyma is aliform confluent narrow type, where the
parenchyma connecting adjacent pores is very thin and narrow.
Vessels are interspersed inbetween the tangential fibre bands

(Fig. 24 A).

A i 2 D0, Dommie —SRMLDDL 2D, Smmi e

Xylem derivatives differentiate twice during the annual
growth of cambium. Vessels are mostly solitary (Fig. 21 E)}. Mean
length of vessel elements is maximal(278 Pm) in July and
minimal (215 Pm) in March. The average length of fusiform cambial
cells and vessel elements is minimal in March. The mean length
decreases and increases alternately from May to December. The
average width is less than the average length of vessel elements.
The mean width is lowest (95 pm) in March and highest (139 Fm) in

September.
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VESSEL LUMEN DIAMETER:

The average vessel lumen diameter is more at the end of
second flush of activity. During reactivation of cambium in both
the flushes, the average diameter is less. The mean lumen diamet-
er ranges from 95.8 jpm to 131 pm during the year. The variations

in lumen diameter are represented in figure 30 A.

NUMBER OF VESSELS:

2
The average number of vessels per 0.5 mm ranges from 7 to 9

during the year. The number is highest prior to the first and
second flush of activity and is lowest during the peak activity

of the cambium (Fig. 30 B).

The average length, width and lumen diameter of vessel

elements and number of vessels in each month are represented in

Table 9.

GROWTH RING WIDTH:

Growth rings in xylem are clearly visible when observed
under microscope (Fig. 44 C). The amount of annual xylem incre-
ment in two successive years i. e. during 1989 and 1990 is 4.1 mm
and 4.8 mm respectively (Table 19). The boundary between two
growth rings could easily be identified due to the variation in

vessel lumen diameter (Fig. 21 D).

HISTOCHEMISTRY:

STARCH:

Fusiform cambial cells contain much smaller grains of
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starch when the cambium is dormant. However, cambial ray cell
possess starch all round the year (Table 11). The xylem parenchy-
ma of main stem are loaded with abundant starch prior to the
cambial activity. The low accumulation of starch in March (Fig.
22 A) followed by total absence of starch in April coincides with
the first flush of cambial activity. The axial and ray parenchyma
of current year's xylem are loaded with more starch in the begin-
ning of second flush of activity (Fig. 22 C) followed by total
absence till the end of cambial activity (Table 11). The starch
grains are round or oval in both the axial and ray parenchyma
cells. The phloem starch accumulation is more before the initia-
tion and cessation of cambial activity. However, starch is 1low

~during the cambial cell division and differentiation (Fig. 22 E).

In young branches starch content of xylem parenchyma is
more before the initiation and after the cessation of cambial
cell divisions. But, during cambial growth, the axial and ray
parenchyma are devoid of starch (Fig. 22 G). Similar pattern of
starch accumulation is found in phloem parenchyma also. The
accumulation of starch in pith cells is less during dormant and

more during active periods of cambium (Fig. 23 G, I).

LIPIDS:

Lipid bodies are located in both fusiform and ray cambial
cells during dormant period of cambium. Lipid body size is rela-
tively larger in cambial ray cells (Fig. 23 A). In active cambial

cells Lipid accumulation is less (Fig. 23 C).
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PROTEINS:

Proteins bodies are found in both fusiform and ray cambial
cells of dormant cambium. They are present mostly along the

walls of cambial cells (Fig. 23 E).
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AFFECTED TREES
CAMBIAL STRUCTURE:

The structure of cambium with storied fusiform and ray
cambial cells, is similar to that of normal trees (Fig. 20 B).
During dormant period.the cambial zone is narrow with 3 to 8
layers of cells in each radial file, while active cambial zone is
wide with 4 to 13 layers of cells (Fig. 26). However, in trans-
verse sections, cambial zone is not as wide as it is found in

normal trees.

CAMBIAL ACTIVITY:

During the annual cycle only one flush of cell divisions
occurs in cambium. After a period of dormancy from January to
August (Fig. 19 A-D), cell divisions in fusiform cambial cells
starts in September (Fig. 19 E). ‘However, swelling of cells in
May and cell divisions at few pockets of cambial zone in June and
August are noticed. Cambial cell divisions are maximum in October
(Fig. 19 F, G). The cell division and differentiation slow down
in November, but remain active in December with a maximum number

of cells in cambial zone (Fig. 19 H).

In young branches cambium is active from June to July with
3 to 6 layers, from September to October with 4 to 8 layers and
in December with 4 to 9 layers of cells. In the intervening

months the cambium remains inactive (Table 7).
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CAMBIAL ACTIVITY IN RELATION TO PHENOLOGY:

Partial defoliation occurs twice during the year in affect-
ed trees. Older leaves fall off and new ones develop simaltane-
ously in February. Partial defoliation takes place again in June.
Timing of flowering and fruiting is similar to that of normal
trees. The cambium is active when the trees are with full fo-
liage. Browning, bleaching of leaves and drying of terminal
shoots are observed. Visible symptoms of pollution injury, gener-
ally appears in mature leaves. Cambium remains dormant relatively
for 1longer period in affected trees. During this period, the
trees are either with full foliage or partially defoliated (Table

7).

Pt ALl T AL S A A LR ) A R AR

Fusiform cambial cells undergo swelling with no apparent
cell division and differentiation in May when the average maximum
temperature is high (38,80C) with 35.5 mm rainfall. Divisions
occur at a few pockets of cambial zone in June and August, though
the average rainfall is more (Fig. 4)}. Cambial activity begins in
September, when the mean maximum temperature is raised marginally
from August. Maximum cambial cell divisions occur when the mean
maximum temperature is 34.20C and the averageusunshine-hours are
9.2. Though the mean maximum and minimum temperatures gradually

decrease in November and December, the cambial activity in the

dry months is continued (Fig. 19 H).
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FUSIFORM CAMBIAL CELLS:

The gross morphology and arrangement of fusiform cambial

cells of affected trees are similar to that of normal trees (Fig.

20 B).

DIVISIONAL ACTIVITY:

Periclinal divisions occur in September after a long period
of dormancy from January. Anticlinal divisions also occur when

periclinal divisions are taking place in the cambial zone.
DIMENSIONAL CHANGES:

MEAN LENGTH:

The mean length of fusiform cambial cells shows variations
during active and dormant periods. The mean length is minimal
(215 pm) in January when the cambium is dormant and it is maximal
(276 Pm) in November when the cambium is active. The mean length
of the cells of affected trees is more or less similar to that of

normal trees {(Table 8).

MEAN WIDTH:

The mean tangential width decreases in June and reaches to
minimum {12 Fm} in July. During active cambial cell division, no
variation in mean width is observed. The mean maximum width of
fusiform cambial cell is 17 jam in January. The yearly averages of
cell width is similar (13 Pm) in normal and affected trees (Table

20)
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The average length of fibres is less in affected trees and
it ranges from 986 pm to 1251 jam. Fibres are 3.6 to 5.1 times
longer than fusiform cambial cells in different months of the
vear. The length variations in fusiform cambial cells and xylem
fibres are not comparable with each other during the seasonal

cycle (Table 8).

The mean lengths of fusiform cambial cells and xylem fibres

are represented in Figure 27 B.
CAMBIAL RAY CELLS:

The general structure and divisional activity of cambial
ray cells of affected trees are similar to that of normal ones

(Fig. 20 B).
DIMENSIONAL CHANGES:
CAMBIAL RAY HEIGHT:

The yearly average of ray height is less in affected trees.
The mean ray height is maximum (180 Pm) in December and minimum
(126 Fm) ‘in July. It is more or less similar from January to
March. The ray height increases in April and then decreases
sharply in May. Then it decreases and increases alternately in
the remaining months and remains maximum at the end of second

flush of cambial activity (Table 10).
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CAMBIAL RAY WIDTH:

The mean ray width is more during dormant period and less
in active period . The average ray width ranges from 24 pm to 35
pm. The width gradually decreases from January to July and
remains more or less similar till December (Table 10).

CAMBIAL RAY CELL DIAMETER:

The mean cambial ray cell diameter increases and decreases
alternately from Januvary to December. The mean diameter is more
(12 to 16 Fm) during dormant period and is less (12 to 14 Fm)

during active period (Table 10).
CAMBIAL RAY POPULATION:

The average number of cambial rays passing through one cm
tangential width is higher in affected trees. The maximum and
minimum number of rays are 199 and 140 in September and January
respectively. In June, the ray number increases sharply (Table

10}).

The variations in average height and width of rays, cambial
ray cell diameter and the ray population are represented in

Figures 28 and 29.
DEVELOPMENT OF VASCULAR TISSUES:

Xylem differentiation precedes that of Phloem by a month.
Phloem differentiates from cambium in October and December.
However, no differentiating elements are found in November.

Differentiation of xylem elements begin in September and contin-
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ues upto December. The number of differentiating xylem (12 to 24)
and Phloem (4 to 6) elements are maximal in October. The gross

structure of Phloem and xylem is similar to that of normalxntrees

(Fig. 24 B). Callose deposits in large amounts on 51evenlates and~

the sieve elements are partially filled with callose at the end
g <

of growth season (Figs. 21 B, 24 D). : S %%
%

Y - “T e

LT L5

DEVELOPMENT, LENGTH AND WIDTH OF VESSEL ELEMENTS: S

Vessels are predominantly arranged in radial mult;p1é§f The
first formed vessel elements are wider compared to the later
formed ones. This variation facilitates the easy discernibility
of Xylem growth ring boundary. The mean length of vessel elements
is maximum (259 Pm) in February minimum (196 Pm) in October. The
average length decreases in June and September. During the annual

cycle the average width of vessel elements ranges from 82 pm to
133 jam.

VESSEL LUMEN DIAMETER:

The average lumen diameter is less in affected trees (Fig
30 A and Table 9). Prior to the cambial reactivation (August),
the lumen diameter is minimal (64 pmg and it is maximum (121 Pm)

in April.

NUMBER OF VESSELS:

2
The average number of vessels per 0.5 mm of xylem is more

in comparison to normal trees (Fig. 21 F) in all the months of
the year. It ranges from 11 to 15 (Fig. 30 B).

The length, width, lumen diameter of vessel elements and
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the number of vessels are represented in Table 9.

GROWTH RING WIDTH:

The width of the annual increment of xylem is less in
affected trees (Fig.44 D). The xylem ring produce during current

years and last year's cambial growth is measured and represented

in Table 19.
HISTOCHEMISTRY:

STARCH:

Fusiform cambial cells possess small granules of starch
during cambial dormancy. Where as in cambial ray cells, the
starch grains are present during both the dormant and active
periods. However, both the cells and rays (Xylem and Phloem) are
devoid of starch from June to September. The axial and ray par-
enchyma cells of xylem are loaded with abundant starch before the
commencement of cambial growth (Fig. 22 B). The starch content,
however, is low in these cells during peak activitiy of cambium.
Though the cambium is not active from June to September, the
xylem parenchyma of previous growth has negligible amount of
starch (Fig. 22 D). Starch content is higher in phloem before and
at the end éf cambial activity (Fig. 22 F). In vascular tissues
it becomes reduced before the start of cambial growth in Aungust.
Apparently starch accumulation is more in the main stem of af-

fected trees.

In young branch, xylem parenchyma accumulates more starch

during dormant period (Fig. 22 H). Phloem starch content is more
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before and at the end of cambium growth. The pith cells also
accumulate high amount of starch (Fig. 23 H). During active

periods of cambium pith cells have more amount of tannins (Fig.

23 7).
LIPIDS:

During dormant period, the lipid accumulation is more 1in
both the cambial cells (Fig. 23 B). However, no lipid bodies are

found in the cells during active growth (Fig. 23 D).

PROTEINS:

Small protein bodies are found in fusiform cambial cells.
They are localised in active fusiform cells. Much wvariation is
not found in distribution of protein content in cambial cells of

normal and affected trees (Fig. 23 F).
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TARLE 7 ¢ CHMING THE DATA (W FHENILOGY, AVERAGE MMBER OF CAMBIAL  LAYERS 40D
DIFFERENTIATING XYLEM AND PHLOEM ELEMENTS IN NORFWL. (N) AND AFFECTED (A) TREES O
HOLOPTELEA INTEGRIFCLIA

PHENDLOGY CABIAL LAYERS
MAIN GTEM  YOUNG ERARCH XYLEM PHLGEN
Month N A N A N A N A N A
JA PARTIA.  FULL FOLTAE 5.4 5.7 4.8 4.8 - - - -
DEFOLIATION 10,76 #0.72 10.48 0.51 - - - -
FEB  FARTIAL  PARTIAL 54 5.4 0 4.2 4.8 - - - -
DEFOLIATION DEFOLIATION +8.66 4877 48.62 +8.46 - - - -
FLOWERTNG
MAR  DEVELOPPENT FUL FOLIAGE 8.8 4.5 4.4 4.8 128 - 2.8 -
0F N AND +1.15  8.88 .66 .56 2.5 - 0.5 -
LEAVES AND FRUITING
FRUITING
AR FULL FOLIAGE FULL FOLIAGE 5.5 5.8 4.2 4.8 - - - -
.84 +1.85 8.76 +8.88 - - - -
MAY FULL FOLIAGE FULL FOLTAGE 8.8 4.9 7.2 48 48 - - -
.76 .12 1@}.95 4#9.46 451 - - -
JUN  FULL FOLIAGE PARTIAL a6 4.6 58 58 9.8 - - -
DEFOLIATION 1,56  40.84 .99 .15 #4.38 - - -
JUL  FUL FOLLAGE PARTIAL 7.8 6.8 6.4 52 188 - 3.5 -
DEFOLIATION #1.28  18.67 +3.94 +8.84 +4.49 - +8.56 -
AG  FULL FOLIAGE FULL FOTAE 18.6 7.8 8.8 4.2 228 - 58 -
#5616 H.76 8.86 4391 - 846 -

SEP  FULL FOLTAGE FULL FOLTAGE 7.4 6.6 45 45 17.8 3.8 4.8 -
40,99 .32 48,80 0.9 43.86 0.82 £1.17 -

0CT  FULL FOLTAGE FULL FOLIAGE 9.3 9.8 4.8 4.8 14.86 14.80 3.8 5.8
H.S .47 0,76 0.98 42,15 43,45 46.96 +1.15

NV FULL FOLTAGE FULL FOLIAGE 7.8 98 4.8 3.4 48 7.8 - -
48,95 41,30 8.5 48.42 18.89 +1.88 - -

DEC FULL FOLIAGE FULL FOLIAGE 5.8 8.6 54 5.4 4.8 178 - 3.8
40,99 .53 H.65 .78 H.17 2.9 -~ 0.4




TARLE 8 : SHOWING THE DIPENSIONAL DETAILS OF FUSIFORM CAMBIAL CELLS AND XYLEM FIERES

NORFAL () AND AFFECTED (A) TREES OF HILOPTELEA INTERGRIFOLIA

I

FUSIFOR  CAMBIAL  CELLS XYLEM FIERES
FONTH LERNGTH (um) WIDTH um) LENGTH {um)
N A N A N A
e 214 215 13 17 1138 1186
+17.72 +12.86 +2.53 12,65 +78.34 +74.49
FEB 218 254 3 13 1168 1662
+14.26 +13.54 +1.49 +1.15 +104.62 +75.47
MR 208 241 14 13 1138 1125
+15.66 +12.86 +2.41 +1.49 +93.42 +65.86
AR 57 51 16 14 1261 1119
+18.16 +19.43 2,93 2,65 +98.54 92,86
MAY o557 248 12 16 1296 1656
+18.16 +15.88 +2.16 2.9 +120.99 194,91
I 57 241 14 13 1261 1a11
+3.99 +19.67 2,25 .15 +75.58 +166.73
aL 248 a1 12 12 1226 1125
+15.86 +12.86 +1.41 2,16 194,89 +105.98
A 228 51 13 13 1158 1636
+19.41 +16.24 +1.67 +1.67 +86.74 +18.32
SEp 278 241 13 13 1138 1160
+25.08 +17.02 +1.41 42,16 +116.685 486,14
T 272 261 13 13 132 1251
24,22 +18.97 +2.63 .15 +67.48 +53.18
NOV 248 276 13 13 1267 1024
+18.65 +14.58 42,83 +1.67 +111.57 +66.94
XC . 2 272 13 13 1261 986

+17.62 +24,22 +2.83 +1.15 +85.20 +80.66




TABLE 9 : SHMING THE DIMENSIONAL DETAILS OF VESSEL ELEMENTS AND AVERAGE MUIMEER OF VESSELS

2
FER 8.5 ms IN NORMAL (N) AND AFFECTED (A) TREES OF HOLOPTELEA INTEGRIFOLIA

PIONTH LENGTH Cuum) WIDTH (um) LIMEN NUMEER OF
DIAMETER (um) VESSELS

N a N A ] A N A

Jan 228 226 162 114 95.8 86.2 8 14
#3134 #26.14 H18.84  127.96 +2.95 278 .98 1277

FER 228 59 167 114 119 168 9 12
+21.49  426.88 +7B.18 422,78 +.68 284 4255 42.63

MAR 215 215 o5 126 116 167 8 11
H9.E3  +27.56  428.12 31,18 +2.99 .44 +2.46 +3.28

AFR 228 s 101 133 118 1M 9 12
+37.04 425,75 428.58 +29.66 +2.88 H#.58 42,14 +2.28

mAY 246 248 126 167 125 108 8 15
51,72 £30.96  424.98 +21.86 +3.38 #2.81 #2188 45.42

JUN 24 228 1728 167 113 83 7 12
+38.41 422,78 42158 +24.79 12,85 2,41 +1.66  +1.98

JUL 278 215 129 114 118 113 7 13
$32,71  422.80 £30.26 #2658 +1.93 2,14 4283 43.86

AUG 228 2 161 82 163 & 7 2
+28.07 42974 426,38 +21.16 +3.50 12,58 4285 +2.42

SEP 246 267 139 167 119 94 8 12
21,82 429.88 42656 42232 +2.60 .98 238 4272

acT 3 196 133 82 131 7S5 8 13
+7.81 427.26 42025 +17.99 +3.37 2,72 2.4 3.5

NOV 272 248 126 128 129 118 8 2
#3175 135.91 3842 #£5.42 +3.5 3.5 +.44 4316

DEC 23 214 128 113 169 94 7 2

B.78  +26.69  +21.67  +9.11 +2.39 £3.05 .4 4.9




TARLE 16 : SHOWING THE DIMENSIONAL DETAILS AND FOPULATION OF RAYS FER 1 cm LENGTH OF
CAMRILI NORMAL (N) AND AFFECTED (A) TREES OF HOLOPTELEA INTELRIF(LIA
FIONTH FEIGHT (um) WIDTH (o RAY CELL FOPLLATION i
DIAETER (u)
N A N A N A N A
JeH 157 159 27 5 14 13 153 148
34,03 41955 6.5 48.30 42,73 2,15 430.63  403.40
FER 144 168 37 = 14 16 15 166
28,60 +55.69 418.88  18.67 12,73 3.8 £5.54  +38.09
MAR 150 159 2 0 12 14 148 173
126,60 430,89 +6.67 +7.59 +2.66 4053 426,48 £31.70
PR 154 178 29 ) 15 15 153 153
9B 42l 45.94 +6.68 +2.82 £3.94 +30.81  429.18
maY 148 148 3 2 14 14 133 146
31,35 430,60 +5.60 +6.67 +2.53 H53 426.93 429.61
JUN 114 148 3 = 14 13 146 186
3350 436,97 4B.72 +6.77 - 2,53 .65 428.18  +22.80
L TH 128 126 2 =5 12 12 158 73
20,61 42T/ 46 +6.087 +2.65 25 43068 45100
LG 159 171 8 o 14 13 139 179
+19.63  429.89  +6.56 15,78 2.5 2,05 42524 +08.90
SEF 188 172 29 T 13 13 133 199
20,38 H15.47  45.86 +3.27 +1.41 4015 #3068 +34.78
act 156 148 2 2 15 13 146 146
£32.18 426,72 45.23 +4.29 +£2.97 +1.88 43350 471.65
NOY 205 169 9 2 15 14 184 173
#8356 405,86 48,67 +5.52 +2.57 42,23 436,00 430.40
DEC 218 188 ' 2 15 12 139 146

311 408 47.49 3,27 +2.93 12,53 127,18 429.61




TABLE 11 : GSEASONAL STARCH CONTENT IN CAMEIUM AWD PARENCHYMA CELLS OF XYLEM AND FHLOEM OF
NORMWL.  (A) TREES OF HOLOPTELEA INTEGRIFOLIA

Ja FEB R AR FAY JUN JUL AG SEF OCT NV DEC

MAIN STEM
op 1 ) + 8 @ + X + - X ]
PHLOEM
F- 8 + 8 + 8 8 (] + + + +
FCC X v’ be X X X % % % % x X
CaMBIUM
CRC
o [ " X - - X X X X X - +
Cl.Cz
R - + % X + b3 b3 X X X X -
XYLEM
o - ] L] " X " - [ ] ] - - + -
fw.Cz
] " s X - + 1 17} + X X "
YOLRG -
BRANCH
& W = " v ] ] - X X + |l
FHLOEN
P S " o - + [ ] X ] X " X o
AP " m [ ] X v "n v % X 14 - s
XYLEM
RF " = % X X " v 8 b X + s

A = AXIAL FARENCHYMA, FCC = FUSIFORM CAMEIAL CELL, Cl.cz = CLOSE TO CAMRIAL ZONE

RF = RAY PARENCHYMA, CRC = CAMBIAL RAY CELL, fu.Cz = AUAY FROM CAMBIAL ZONE



TARE - 12 : SEASONAL STARCH CONTENT IN CAMBIUM I AND FPARENCHYMA CELLS OF XYLEM AND PHLOEM OF
AFFECTED (A) TREES OF HILOPTELEA INTEGRIFOLIA

JW  FEB MAR AR MAY  JN G AUG SEF OCT NV DEC

MAIN STEM
&F " o0 " [ ) + v ] % - . - -
FHLOENM
i "0 a8 e ] - + ] + X " 0 ]
FCC X v X X X X X X X X X X
CAMRIUM
CRC  x v X v v X X X % v oo
w " " a ] ] X be X % v ] -
Cl.Cz -
P @ o 8 " X X X X X X + X
XYLEM
AP M W s e - v v X + -
fw.Cz
R s o " | - X X X X 7} + - ]
YOUNG
BRANCH
& o = L] " - ] ] g - X b3 ] ]
FHLER
P s = - ] ] + ) - 5 X + - +
A N " " ] X X X X X " L
XYLENM
P " “n L] s X % % X X + ]

AP = AXTAL PARENCHYM, FCC = FUSTFORM CAMBIAL CELL, Cl.cz = CLOSE TO CAMBIAL ZODRE

RP = RAY FARENCHYMA, CRC = CAMBIAL RAY CELL, fuw.cz = AllAY FROM CAMEIAL Z0MNE



Fig. 18.

A-I. Transverse sections of cambium of normal trees.

A.

= oo -

Active cambial zone in March. x 420.

Periclinal divisions in fusiform cambial cells (arrow) and
xylem derivatives (arrowhead). x 400.

Dormant cambium in April. x 219.

Cambial =zone with differentiating xylem elements in June. X
169.

Cambial zone surrounded by differentiating phloem and zxylem
derivatives in August. x 200.

Active cambium in August. x 340.
Active cambium in September. x 400.
Cambial zone in Oetober. x 420.

Cambial zone in December. x 480.

CZ: Cambial Zone; DX: Differentiating Xylem; PH: Phloem;
RC: Ray Cambial Cell; V: Vessel element; XY: Xylem
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Fig. 19.

A-H. Transverse sections of cambium in affected trees.

. Dormant cambium in March. x 320.

. Pormant cambium in April. x 350.

A

B

C. Dormant cambium in June. x 300.

D. Dormant cambium in August. x 420.

E. Actively dividing fusiform cambial cells in September. x 340.
¥

Cambial zone surrounded by differentiating phloem and =zxylem
elements. x 310.

G. Periclinal divisions in fusiform cambial cells. x 875.

H. Cambial zone in December. x 380.

CZ: Cambial Zone; DX: Differentiating Xylem
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Fig. 20

A-D: Tangential longitudinal sections.

A.

B.

Storied arrangement of fusiform and ray cambial cells in
normal trees. x 200.

Storied fusiform and ray cambial cells in affected trees. x
168. :

Fusiform cambial cells showing prominently beaded radial
walls (arrow). x 263. .

Active cambium of normal trees showing periclinally dividing
fusiform cambial cells. Arrows indicate phragmoplast at the
margins of developing cell plate. x 231.

FC: Fusiform cambial cell
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Fig. 21.

A-F: Transverse sections of phlocem and xylem.

A.

General structure of phloem showing alternate bands of sieve
elements and parenchyma cells. x 132.

Massive callose deposition {arrows) in sieve tube elements of
affected tress. x 128.

Phloem anastomoses with short sieve tube elements (arrow). b4
180

Xylem showing ring boundary between two successive growth
rings. x 112.

Xylem showing distribution of vessels in normal trees. x 31.

Xylem showing distribution of vessels in affected trees. x 31.

RB: Growth ring boundary; P: Parenchyma cells; S: Sieve ele-
ments
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Fig. 22.

A~-F: Radial longitudinal sections of phloem and xylem.

G~H: Transverse sections of young branch.

A.

B.

Xylem parenchyma cell of normal trees showing negligible
starch in April. x 120

Xylem parenchyma cells of affected trees showing starch dis-
tribution in April. x 120.

Starch distribution in xylem axial parenchyma of normal trees
in July. x 200.

Xylem parenchyma of affected trees with no starch content in
July. x 200. :

Starch distribution in phloem of normal trees. x 116.
Starch distribution in phloem of affected trees. x 120.

Xylem parenchyma (arrows) of young branch of normal trees
showing no starch content. x 104.

Xylem parenchyma cells loaded with starch (arrows) in young
branch of affected trees. x 104.

-

AP: Axial Parenchyma; RP: Ray Parenchyma
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Fig. 23

~

A-F: Radial longitudinal sections of fusiform cambial cells.

G~-F: Transverse sections of young branch.

A.

Lipid bodies (arrows) in dormant fusiform cambial cells of
normal trees. x 350.

Lipid bodies (arrows) in dormant fusiform cambial cells of
affected trees. x 875.

Lipid bodies in active fusiform cambial cells of normal trees.
x 500.

Lipid bodies in active fusiform cambial cells of affected
trees. x 500.

Protein bodies (arrow) in fusiform cambial cells of normal
trees. x 430.

Protein bodies (arrow) in fusiform cambial cells of affected
trees. x 750.

and H. Starch distribution in pith region of normal (G) and
affected (H) trees in February. G: x 163; H: x 188

Starch and tannin containing cells in the pith region of
normal trees in June. x 188. :

Tannin containing cells (arrow) in the pith region of affected
trees in June. Note absence of starch in the cells. x 188.

P: Pith; XY: Xylem
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Fig. 24.

A-D: Transverse sections of phleocem and xylem viewed under fluor-

escence (A, B and D) and Polarization (C) microscopes.

and B. Lignification of xylem elements in Normal (A) and af-
fected (B) trees. Note the fluorescing sieve plates (arrows)
in both. A: x 61; B: x 50.

Thick walled lignified parenchyma cells in both functional
(arrow) and nonfunctional (arrowhead) phloem. Crystal contain-
ing parenchyma cells are also present in the phloem. x 128

Obliterated sieve elements in current year's (arrow) and last
year's (arrowhead) phloem during dormancy. x 132.

PH: Phloem; XY: Xylem
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Fig. 25.
Schematic diagram illustrating the seasonal variation in the
mean number of cell layers in cambial zone in the main stem

and young branch and differentiating xyvlem and phloem elements

in the main stem of normal trees.
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Fig. 26.
Schematic diagram illustrating the seasonal variation in the
mean number of cell layers in cambial zone in the main stem

and young branch and differentiating xylem and phloem elements

in the main stem of affected trees.
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Fig. 27.
Histogram showing seasonal variation in mean length of xylem
fibres and fusiform cambial cells.

A: Normal B: Affected
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Fig. 28.
Graphic representation of seasonal variation in cambial ray

height (A), width (B) and diameter of ray cells (C) in pm.
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Fig. 29.
Histogram showing seasonal variation in cambial ray popula-

tion in one cm tangential width of cambium.
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Fig. 30.
Graphic representation of seasonal variation in vessel 1lumen

2
diameter in mm (A) and number of vessels/0.5 mm (B).
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SYZYGIUM CUMINI (Linn.) Skeels.

Syzygium cumini is a large handsome evergreen tree attain-

ing 70-80 feet with not very straight trunk. It belongs to the
family Myrtaceae and is common throughout India. Leaves coria-
ceous, shining, entire, oval-oblong or lanceolate oblong, gener-
ally long acuminate. Flowers creemish, fragrant in heavy clus-
ters. Berry oblong or subglobose, purplish black, succulent
smooth when ripe and edible. Trunk covered with thick, light or
dark grayish bark. Inner bark is pale reddish-brown, compact and
fibrous. The bark is used for dyeing and tanning. Wood is reddish
brown, tough and hard. Annual layers visible. Wood is much used
for building agricultural implements, well-curbs and well-steps,
where it is considered almost indestructible. Boats and canoces

are made of it .
NORMAL TREES
CAMBIAL STRUCTURE:

Vascular cambium is nonstoried with long overlapping fusi-
form cambial cells and short polygonal cambial ray cells in
tangential view (Fig. 33 A). Both the cells show beaded cell
walls. Being an ever green tree, Syzygium exhibits cambial growth
for longer part of the year. However the width of the cambial
zone varies in different months. It is 3 to 9 layered when it is
inactive and 3 to 11 layered during active growth. Both periclin-

al and anticlinal divisions occur in cambial cells. Cambial ray
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cells are invariably filled with phenolic contents (Fig. 33 A,

C). During the active growth loss of fusiform cambial cells from

cambial zone has been noticed.

CAMBIAL ACTIVITY:

Cambial cell divisions occur in four different flushes
during the year. Cambial cells remain radially enlarged with thin
cell walls for longer part of the year. Hence, true dormancy 1is
not noticeable in the cambium. Reactivation of cambium begins in
February (Fig. 31 A) followed by brief period of rest in March
(Fig. 31 B). The second flush of activity begins in April and
ceases in June. Cambial cell division and differentiation are
suppressed from June to July (Fig. 31 D). The third flush of
cambial activity begins in August lasting till October (Fig. 31
E, F). The fourth flush of activity occurs in December (Fig 31 G)
after a brief spell of inactivity in November. Additive cell
divisions are maximal in August with 6 to 11 layers of cells in
the cambial zone (Table 13). The cambial zone becomes reduced to
3 to 5 layers of cells in November. In all the four flushes of
cambial growth, the rate of activity varying periodically is
indicated by the number of cells in the cambial zone and differ-

entiating xylem an phloem elements (Fig. 38).

In young branches cambium remains active for major part of
the year with no cell division in February, August and December.
Peak activity is observed in January with 5 to 8 lavers of cells
"in the cambial zone. During inactive period cambial zone remains

2 to 6 layered (Table 13).
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Schematic representation of average cambial layers and its
derivatives in main trunk and average number of cambial layers in

young branch are shown in Figure 38.

CAMBIAL ACTIVITY IN RELATION TO PHENOLOGY: -

5 Syzygium bears leaves all the year around. Trees flower in
February when the cambium becomes reactivated. Flowering is
followed by fruiting in April-May, when the cambium is active.
Partial defoliation in June coincides with cambial inactivity. In
August, when the trees are with mature leaves, the cambial growth
is at its peak. The trees remain with full foliage all through
the vyear. Divisions in cambium coincides with the flowering and
sprouting of new leaves in February and December. The relation

between phenology and cambial activity is presented in Table 13.

~ CAMBIAL ACTIVITY IN RELATION TO CLIMATIC FACTORS:

Since the cambium is active for a longer period, the climat-
ic factors seem to have a little effect on the duration of the
cambial activity. However, the'peak cambial activity coincides
with the highest rainfall (461 mm) and relative humidity (90.6%)
Tecorded For the year in August. The increase in mean - maximum
temperature in April (39.20C) and May (38.80C), coincides in the
second flush of cambial activity (Fig. 31 C). The environmental
factors seems to have no influence on cambial cell division in

February and in December. Figures 1 and 2 show the graphic repre-

sentation of meteorological data for the year 1990.
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FUSIFORM CAMBIAL CELLS:

Fusiform cambial cells are axially elongated with overlap-
ping cell tips in tangential view (Fig. 33 A). The cells in
transections appear as rectangular in shape arranged in radial
files between secondary xylem and phloem (Fig. 31 F). Fusiform
cambial cells are uni-nucleated with less dense cytoplasm. The
cells are lightly stained during the annual cycle. Both the

radial and tangential walls of cambial cells are thin all through

the year. However the radial walls are relatively thick.

DIVISIONAL ACTIVITY:

Additive and multiplicative divisions occur in fusiform
cambial cells leading to radial increment of trumnk and circumfer-
ential expansion of the cambial cylinder respectively (Fig. 31 A,
G). Periclinal divisions occur in the cells for major part of the
year. However, the width of cambial zone varies in different
months due to fluctuations in the rate of periclinal divisions.
Cambial 2zone is wider with 6 to 11 layers of cells during peak
activity. The proportion of cambial cells within the wvascular

cylinder is maintained by frequent anticlinal divisions.

DIMENSIONAL CHANGES:

MEAN LENGTH:

The mean length of fusiform cambial cells undergoes changes
seasonally. The length gradually increases from May to July and
decreases in August. An abrupt increase and decrease in mean

length has been observed from April to May and from September to
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October respeétively. The average length of fusiform cambial

cells is maximal (899 pm) in December and minimal (717 pmm) in

April (Table 14).

MEAN WIDTH:

The mean tangential width of fusiform cambial cells shows
relation with their length. The increase and decrease in width
corresponds with the decrease and increase in length of cells in
all months except in July and August. The mean width alternately
increases and decreases from January to December. The maximum (30
Fm) and minimum (22 pm) width are observed in February, April and
June, November respectively. The variations in mean width are

presented in Table 14.

LENGTH VARIATION IN RELATION TO XYLEM FIBRE LENGTH:

The average length of xylem fibres is 1.7 to 2.3 times
longer than fusiform cambial cells. The mean length of beth the
cell types are closely related in January, from April to Jume and
in December. The average xylem fibre length is maximal (1820 Pm)
in December and minimal (1532 Pm) in September. However there is
no. seasonal correlation between the lengths of fusiform cambial

cells and xyYremr fibres (Fig. 38 A).

CAMBIAL RAY CELLS:

Cambial ray cells are small, isodiametric or radially elon-
gated, uni-nucleate cells. Cambial ray cells and their deriva-
tives are filled with dark contents which are identified as

phenolic substances. These substances emit light fluorescence
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whén observed under fluorescence microscope (Fig. 37 A). Cambial
rays are heterogeneous with smaller procumbent and longer upright
cells. In tangential sections the cambial ray cells appear poly-
gonal in shape (Fig. 33 C). The rays are uni, bi or multiseriate.
However multiseriate rays are predominant in the cambium. Cambial
ray cells possess distinctly beaded cell walls. Fusion of cambial
rays is common in Syzxgium.‘Rays which are adjacent fuse together
vertically or laterally (Fig. 33 C). Tangential and radial fusion
involve the increase in width and length of rays respectively. In
radial fusion the intervening fusiform cambial cell may be lost

or undergoes segmentation.
DIVISIONAL ACTIVITY:

Cambial ray cells originate through the divisions of ends or
sides of fusiform cambial cells. The lateral divisions resulting
h the origin of cambial ray cell initial occur at any position
along the lateral wall. Cambial ray cells also increase in number
by transverse anticlinal divisions. Biseriate rays develop
through wvertical or slightly oblique anticlinal divisions of
cambial ray cells in a uniseriate ray (Fig. 33 C). Formation of
more than one ray cell initial simultaneously form a single
fusiform cambial cell has been observed freguently. The newly
formed cambial ray cells are filled with dark phenolic contents
through the fusiform cambial cells are free of such contents

(Fig. 33 A, C).
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DIMENSIONAL CHANGES:

CAMBIAL RAY HEIGHT:

The mean ray height gradually increases from April to July,
then decreases in August. In September ray height is maximal (420
Pm) followed by abrupt decrease in October with a minimum ray
height (261 pm). Ray height increased sharply in the first
quarter of the year and then gradually in November and December

(Table 16).

CAMBIAL RAY WIDTH:

-The average ray width increases from March to July, decreas-
es in August-September and then increases in October~November.
The average ray width is maximal (56 Pm) in November and minimal

(35 pm) in March (Table 16).

CAMBIAL RAY CELLL DIAMETER:

The average cambial ray cell diameter increases and decreas-
es alternately in the year. The mean maximum and minimum Tay
initial diameter is 29 pam and 20 jam in November and March

respectively (TFable 16).
CAMBIAL RAY POPULATION:

The average number of rays for one cm tangential width of
cambium ranges from 110 to 139 during the annual growth (Table
16). Soon after the peak activity of cambium, the number of rays
increased sharply in September. In the remaining months their

number fluctuates alternately.
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The variations in average cambial ray height and width,
average diameter of cambial ray cell and the average number of

cambial rays/cm are represented in Figure 41 and 42.

DEVELOPMENT OF VASCULAR TISSUES:

The development of vascular tissues takes place in four
different flushes. The phloem and xylem derivatives are produced
simultaneously in the first flush of activity. Whereas during
second flush, xylem differentiation precedes that of phloem.
However, in the third and fourth flush of cambial activity, the
initiation and cessation of phloem and xylem derivatives are
simultaneous. The phloem and xylem differentiation (Fig. 31 E) is
maximal in August with average number of 5 and 20 derivatives in

each radial file respectively (Fig. 38).

In Syzygium, the phlecem derivatives develop into sieve
elements, companion cells, parenchyma cells and fibres. Fibre
bands are discontinuous and appear as patches, alternating with
parenchyma cells and sieve tube elements (Fig. 34 A). The verti-
cally _elongated narrow sieve tube elements are arranged in non-
storied manner. The end walls of sieve tube elements are oblique
with an elongated scalariform compound sieve plate (Fig. 34 B).
The sieve areas on the lateral walls are aggregate and linear.
Each sieve tube member is associated with 3 to 7 companion cells.
Axial parenchyma cells posses druse crystals of calcium oxalate.
Fibre groups differentiate from the derivatives of fusiform
cambial cells. The cambial zone is flanked by either axial par-

enchyma or sieve elements. Phloem ray cells are filled with dark
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phenolic contents. The sieve elements remain functional for one

vear followed by deposition of callose on the sieve plates.

Cambial derivatives towards xylem develop into vessel
elements, axial parenchyma and fibres. Xylem is diffuse porous
with solitary and radial multiple vessels. The vessel elements
are interspersed between the fibre and parenchymatous ' bands.
Xylem ray cells are filled with phenolic contents and starch
grains. Occurrence of tyloses is common in the vessels of last
vears xylem (Fig. 34 C). Tyloses may develop from axial or ray
parenchyma cells. In the latter case they are filled with pheno-
lic contents or starch grains. Veséel elements are elongated with
a narrow tail (Fig. 37 G, H) and their walls show characteristic
vestured pits (Fig. 37 D) along with normal pits (Fig. 37 E).
Fibres show thick lignin deposition at cell corners and in the
inner secondary wall layer (Fig. 37 B). Window pits are found on

both vessel elemnts and ray parenchyma (Fig 37 G, I1).
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The vessel elements differentiate during second, third and
fourth flush of cambial activity. The developing vessel element
enlarges radially and tangentially before the deposition of
secondary wall. However the tangentially expansion is less, hence
they show relatively more radial diameter in transverse sections
(Fig. 3 F). The mean length of vessel elements doesn't show any
correlation with that of fusiform cambial cells. Vessel element
length is maximal (894 pm) in December and minimal (679 pm) in

July. The average length of vessel element is more when the
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cambium is active. Vessel element length increases and decreases
alternateiy in the year. Mean vessel width increases from January
to April. Mean maximum and minimum vessel width are 253 pm and
137 pm in December and September respectively. The mean length

and width of vessel elements are presented in Table 15.

VESSEL LUMEN DIAMETER:

The average vessel lumen diameter increases and decreases
alternately in the year (Table 15). The lumen diameter is maximum
(206 pm) in December and minimum (135 pm) in January. The mean

vessel lumen diameter is represented in Fgure 43 A.

NUMBER OF VESSELS:

. 2
The average number of vessels per 0.5 mm of xylem ranges

from 6 to 9 in the year (Table 15). The number of vessels are
more in xzylem at the end of peak cambial activity. The average

number vessels for the vear is represented in Figure 43 B.

Compared to the affected trees vessel number is less but

they have more lumen diameter (Fig. 34 E).
GROWTH RING WIDTH:

Growth rings in xylem are clearly visible when observed
under microscope (Fig. 44 E). Growth ring boundary could easily
be discerned (Fig. 34 D). The amount of annual xylem increment in
two successive years {1989 and 1990) has been represented in
Table 19. The amount of xyvlem produced in last year is marginally

higher (5.2 mm) than the current year s (5.0 mm).
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HISTOCHEMISTRY :

STARCH:

Fusiform cambial cells possess small granules of starch in
November and Dgcember (Table 17). As cambial ray cells are filled
with phenolic contents neither polysaccharides nor starch is
found except in November (Fig 36 A). Accumulation of starch in
xylem of main stem varies in different months of the year. Cur-
rent vyear's xylem parenchyma has low starch than the previous
year's. High starch content is noticed in current year's xylem
parenchyma cells compared to that of previous vyear when the
cambial cell divisions are suspended. Starch accumulation is
maximal in July in both axial and ray parenchyma of xylem. During
reactivation of cambium, the xylem axial and ray parenchyma
starch is low or no accumulation at all (Fig. 35 C). The starch
grains. in ray parenchyma are embedded within the phenclic cont-
ents (Fig. 36 B). Starch grains appear small and .round in both
the axial and ray parenchyma cells of xylem and phloem throughout
the year. As Syzygium is an evergreen tree, there is no definite
pattern observed in seasonal accumulation of starch. Phloeic
starch content is much less in comparison to xylem (Fig. 35 A).
Soon after the second and third flush of cambial activity, starch

accumulation is high in phloem axial parenchyma (Table 17).

In young branches the starch accumulation in xylem is simi-
lar to that of main stem except in July. When the cambium is
dormant in November, there is no starch accumulation in axial and

ray parenchyma of xylem (Fig. 35 E). Starch accumulation is more

64



in June and December. During the active cambial growth the
phloeic starch content is more and it is less when the growth is
sluggish (August to October). Seasonal starch accumulation in
cambium and parenchyma cells of xylem and phloem of main stem and

young branch is presented in Table 17.

LIPIDS:'

Lipid bodies are localized only in fusiform cambial cells.
They are not traceable in cambial ray cells due to the high
phenolic contents. At the end of third flush of activity, dark
lipid bodies are distinctly seen along the tangential cell walls
(Fig. 35 1I). Lipids are observed only when there are no cell

divisions in cambium.
PROTEINS:

Like 1lipid bodies, protein granules are also localized in
fusiferm cambial cells only. At the end of second flush of cambi-~
al activity the protein granules are clearly visible (Fig. 35 G).
The cells do not exhibit protein bodies when the cambium is ac-

tive.
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AFFECTED TREES

CAMBIAL STRUCTURE:

The cambium is nonstoried with large fusiform and‘ short
cambial ray cells. The structure of cambium is similar to that of
normal érees. The cambial zone is 2 to 7 and 4 to 12 layers wide
during dormant and active periods of cambium respectively (Table

13).
CAMBIAL ACTIVITY:

Cambial growth occurs in three flushes. Cambial cells remain
inactive in February and March (Fig. 32 A, B) in contrast to
normal trees, where the first flush of cambial activity occurs
during the same period. The first flush of activity occurs in
April-May (Fig. 32 C) followed by no cambial cell division in
June and July. The second flush of divisions begins in August
(Fig. 32 E)} and ceases in November followed by tﬁird flush of
divisions in December (Fig. 32 G). The cambial zones becomes 4 to
8, 4 to1l and 4 to 12 layered during the first, secend, -and
third flush of cambial activity. Cambial cell divisions are
maximum in August and December (Fig. 32 E, G). In the intervening
months the cambium remains inactive (Fig. 32 D). The cambial zone
is narrow with 2 to 5 and 3 to 5 layers in February and November

respectively (Table 13).

In young branches the cambial zone is 3 to 8and 2 to 6
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layered during active and rest periods (Table 13). Peak cambi-
al activity is observed in September. The number of cambial

layers in main stem and young branch are represented in Figure

39.
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The trees bear leaves all through the vear being an ever-
green. Cambium remains inactive in July when the partial defolia-
tion occurred, however new leaves developed simultaneously.
Flowering is observed in February followed by fruiting in May -
June. The peak cambial activity in August and December coincides
with full foliage of trees. A few trees which are close to the
fertilizer factory are completely leafless in September, while
others are with full foliage. These trees develop their full
crown in December. The relation between cambial activity and

phenology is presented in Table 13.

— —————————ts  —— e et

o
When the mean maximum temperature is highest (39.20 C) in

April, reactivation of cambium is observed. Maximum cambial

cell divisions and differentiation of August coincide with the

season's highest rainfall (461 mm) and relative humidity ( 90.6

). The rate of cambial cell divisions decline in October when

there 1is an abrupt decrease in average rainfall. However the

third flush cambial activity occurred in December when mean
o -

maximum temperature is low (28.80 C). Metecrological data is

provided in Figures 3 and 4.
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FUSIFORM CAMBIAL CELLS:

The gross structure, shape, arrangement and divisional
activity of fusiform cambial cells of affected trees are similar

to that of normal ones (Figs. 33 B, 32 E).
DIMENSIONAL CHANGES :
MEAN LENGTH:

The average length of fusiform cambial cells increases and
-decreases alternately from January to August. There is a gradual
increase of average length from September reachiné maximam (878
pm) in December . The mean cell length varies from 723 pm to 878
pm. The average length of the cells is maximal in December, when

the divisions reach peak in cambium.

MEAN WIDTH:

The mean tangential width of fusiform cambial cell is maxi-
mal in February (26 pm) and minimal from October to December (20
um). The minimum width of cells coincides with the maximum length

in December.

The mean Ilength and width of fusiform cambial cells are

presented in Table 14.

LENGTH VARIATION IN RELATION TO XYLEM FIBRE LENGTH :

The average length of fibre is 1.6 to 2 times more than
fusiform cambial cells. The average length of fibre ranges from

1279 pm to 1730 pm. The fibre length is minimal during the second
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flush of cambial activity and maximal when the cambium is
inactive in June. The fibre length gradually increases from
January to March and decreases in May when the fusiform cambial
cell 1length is considerably less. When the average length of
fusiform cambial cell increased in June, correspondingly the
fibre attains maximum average length. The variation in the length
of fusiform cambial cell and xylem fibres is represented in

Figure 40 B.
CAMBIAL RAY CELLS:

The structure, shape and divisional activity of cambial ray
cells in affected trees appear similar to that of normal ones
(Fig. 33 D). The phenolic content in cambial ray cells appear

less denser than that of its derivatives (Fig. 32 F).
DIMENSIONAL CHANGES:
CAMBIAL RAY HEIGHT:

The mean ray height is found to be more in affected trees.
The average height gradually increases from January, reaching
maximum (421 pm) in April. In the remaining months, the average

height fluctuates alternately (Table 15).

CAMBIAL RAY WIDTH:

The average ray width ranges from 32 jam to 56 am. Mean ray
width increases gradually from. January to March along with ray
height. Cambial ray width is maximal at the end of second flush

of cambial activity in October (Table 16).
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CAMBIAL RAY CELL DIAMETER:

Average cambial ray cell diameter is less in the beginning
of first flush of cambial activity. The maximum average cambial
ray cell diameter is 32 pm in October. The average diameter

increases and decreases alternately in the remaining months

(Table 16).

The variation in length and width of cambial rays and cambi-

al ray cell diameter is presented in Figure 41 (A-C).

CAMBIAL RAY POPULATION:

The average number of cambial rays per one cm tangential
width of cambium is found to be more in affected trees compared
to that of healthy ones (Table 16). During the annual cycle of
cambium, the number of rays varies from 110 to 150. Ray number is
more when the cambium is active. The average ray population is

represented in Figure 42.
DEVELOPMENT OF VASCULAR TISSUES:

The development of xylem and phloem occurs in three flushes.
Xylem differentiation precedes that of phloem during the first
flush of cambial activity. In the remaining two flushes, the
differentiation and cessation of xylem and phloem elements are
simultaneous (Fig. 39). The amount of phloem produced for the
growth season of current year's is found to be less in affected
trees. The structure of phloem and xylem elements is similar to

that of normal trees. However, the xylem fibres show thin cell
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wall in affected trees compared to that of normal ones (Fig. 37
C). The average number of differentia%ing xylem and phloem
elements are relatively less in affected trees (Table 13). The
phloem (1 to 6) and xylem (10 to 18) derivatives are maximal in

August (Figs. 39, 32 E). R

——— Sttt st o oo

The development of vessels is similar to that of normal
trees. Average vessel element length decreases gradually from
January to March. The maximum and minimum vessel element lengths
are 884 pm and 688 um in December and May respectively. Vessel
length increases and decreases alternately in the remaining
months of the year. The yearly average of vessel element lengths
are 782 pm and 809 pm in affected and normal trees respectively
(Table 20). The averaée width of vessel fluctuates alternately in
the year. It is maximal (182 pm) in October and minimal (103 pm)
in January. In general the average vessel element width is less

in the xylem of affected trees (Table 15).

VESSEL LUMEN DIAMETER:

Average maximum and minimum vessel lumen diameter is 156 jm
and 103 jpam respectively (Table 15). The yearly averages of the
lumen diameter is less in affected trees than that of normal ones
(Table 20), and monthly observations are represented in Figure 43
A.

NUMBER OF VESSELS:
2

The average number of vessels per 015 mm of xylem seasonal-
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ly varies from 8 to 17 (Table 15). The average number is more in

affected trees except in March and September (Figs. 43 B, 34 F).

GROWTH RING WIDTH:

The width of the annual increment of xylem is fouﬁd to be
less in affected trees (Fig. 44 F). The growth ring boundary
could easily be discernible with 2 to 3 layers of thick walled
narrow fibres and narrow vessels produced at the end of cambial
growth (Fig. 37 F). The xylem ring produced during current year's
and last year's cambial growth is measured and represented in

Table 19.

HISTOCHEMISTRY:

STARCH:

Accumulation of starch in cambial cells is similar to that
of normal ones. Of all the elements of xylem, axial parenchyma
accumulate more amount of starch (Fig. 35 D). Starch concentra-
tion in xylem decreases gradually from January to March. Starch
accumulation is more in xylem ray parenchyma of affected trees in
February. Axial parenchyma cells are filled with 1large amounts
starch in July and august. However, the starch content is low in
current year's xylem compared to that of previous year's. Accumu-
lation of starch is more or less same from June to December.
Prior to the cambial reactivation in April low content of starch
is observed (Table 18). Starch accumulation in axial parenchyma
of phloem is uniform from June to December, however in April it

occurs in large amounts. The phloic starch content is more in
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affected trees than that of normal ones (Fig. 35 B).

In vyoung branches starch accumulation is mpre‘in ray par-
enchyma of xylem (Fig. 35 F). The axial parenchyma cells show
more starch in July and August (Table 18). Branch phloem has low
content of starch than that of main stem. However, the parenchyma

cells of phloem accumulate more starch in August.

LIPIDS:

Storage of 1lipids in cambial cells is similar to that of
normal ones. The accumulation of lipids is modest in fusiform

cambial cells of affected trees (Fig. 35 H).
PROTEINS :

Protein granules are localized in the fusiform cambial cells
(Fig. 35 J). As cambial ray cells are filled with phenolic cont-

ents, localization of proteins is not discernible.



TARLE 13 @ THE DATA ON PHENGLOGY, AVERAGE NUMEER OF CAMBIAL LAYERS AND DIFFERENTIATING XYLEHM
AND FHLOEM ELEPENTS IN NORMAL (N) AND AFFECTED (A) TREES OF SYZYGIUM CLAINI

FHENDLOGY CaMBIAL LAYERS
MAIN  STEM YOUNG BRANCH XYLEM FLOEM
Month N A ] A N A N A N A
JdaN FULL FOLIAGE AL FOLTAGE 7.1 5.8 5.9 4.3 - - - -
.97 18.80 16.87 +0.83 - - - -
FER. FULL FOLIAGE FUL FOLIAGE 7.9 3.6 4.3 4.2 .1 - 2.6 -
FLOWERING FLOWERING +1.28 +8.43 +8.85 3.4 +1.86 -~ HTE -
MAR. FULL FOLIAGE FULL FOLIAGE &6.7 4.4 4.4 3ad - - - -
H3.80  H3.466  4B.46  HALED - - - -
#FR. FLULL FOLIAGE FUL FOLIME 7.8 4.2 4.8 5.7 2.6 3.4 - -
+1.24 B8.94 +8.77 +8.81 +8.82 B85 0 - -
mAY FAL FOLTAGE FULL FOLIAGE 4.8 5.3 4.5 3.5 2.2 3.7 2.6 2a
FRUITING FRUITING +#3.78 . HLH4 B8 4851 +1.18 HL76 4874
JUN. FIEL FOLIAGE FUL FOLIAGE 5.4 4.2 3.8 3.2 - - - -
PARTIAL LEAF FRUITING +3.91 .84 +8.55 18.48 - - - -
Fal
JL. FLEL FOLIAGE FULL FOLIAGE 5.4 4.9 4.3 5.5 - - - -
(Partial leaf +8.77 +8.74 +8.91 +3.68 - - - -
+all)
AUG. FULL FOLIAGE FULL FOLIAGE 8.9 7.2 2.4 3.1 2B.6 14.4 5.8 3.2
1.1 #1120 #8083 41,88 +4.48 +1.93 +8.74 +1.11
SEP. FULL FOLIAGE FULL FOLIAGE 5.2 4.5 4.6 4.8 8.8 8.6 4.8 2.6
+1.24  +1.14 .88 +1.22 #1.39 +l.66 48.85 .73
OCT. FULL FOLIAGE FULL FOLIAGE 6.9 5.4 4.3 3. 6.5 1.4 3.2 1.2
1.2 +#8.84 +8.81 48.47 +1.45 48.49 +8.461 +8.48
NOV. FLRL FOLIAGE FULL FOLIAGE 4. 3.8 4.4 3.6 - - - -
+8.52 +8.65 +1.48 +B.59 - - - -
DEC., FULL FOLTAGE FULL FOLIAGE 5.5 6al 3.6 5.1 18.7  12.7 2.7 2.6
+1.65  +1.81 48,56  +1.27 +1.74 2,88 18.45 +0.94




TARLE 14 = DIFENSIONAL DETAILS OF FUSIFORNM CAMBIAL CELLS AND XYLEM FIERES IN NORIWL
(N) AND AFFECTED (A) TREES OF SYZYGILM CUMINI
FUSTFORM ~ CABIA.  CELLS XYLEM  FIBRES
MONTH LENGTH (uum) WIDTHCuwm) LENGTH ¢um)
N A N A N A
JAN 787 717 27 24 1694 1544
+124.78 +67.67 +5.50 +4.37 +£252.37 214,71
FER 741 260 30 2 1752 1579
+73.78 489,48 +6.18 +2.89 +205.79 +246.83
MAR 840 723 2 ) 1724 1594
+105,49 +111.99 +4.50 +4.26 +189.04 +174.61
AR 717 ] 8 ya 1695 1448
+54.59 +128.28 +5.66 +3.60 +195.86 +166.60
HAY 827 764 26 2 1728 1279
+106.42 +79.50 5.2 +4.24 206,72 +165.48
JUN 849 876 2 23 1792 1779
+89.92 +69.71 45.49 45,28 126757 +181.19
L TH 20 745 2 o 1655 1593
+88.09 +132.68 +4.89 +4.72 +08.65 +211.54
A 816 832 2 24 1748 1592
+93.47 +79.58 .12 15.58 £708,77 +172.37
SEF %5 864 z 21 1532 1640
493,26 +89.44 +4.80 +4.53 +217.67 +196.57
acr 742 607 2 20 1767 1561
+75.48 +43,85 +3.48 12,99 £211.13 £211.11
NV 811 £o8 22 v 3 1596 1586
+88.11 454,99 +3.42 +3.44 +192.21 +188.40
DEC 699 a78 2 20 1878 1691
+98.83 +99.72 +2.69 +2.94 +205.11 217,48




TABLE 15 : DIFENSIONAL DETAILS OF VESSEL ELEFENTS AND AVERAGE NUMEER OF VESSELS FER

2

8.5 e IN NORFAL (M) AND AFFECTED (M) TREES OF SYZYGIUM CURINY

FONTH LENGTH (wn) WIDTH C(um) LUFEN NIEER OF
DIAETER () VESSELS
N A N A N A N A
JeH 878 B4 173 163 1535 183 18 i7
156,57  +216.68  +44.088 +25.86 +34.58 +28.88 +2.74 +3.48
FEB 721 g19 175 157 183 156 & 8
#184.69 +157.42 +45.46 +39.86 +37.28 452,38 +1.76 +2.21
Mol 848 869 176 141 163 131 11 16
+173.38  +178.95 157.85 +48.38 +34.68 +31.88 +1.88 +1.84
AFR 768 &93 268 163 145 168 9 13
+138.41  +144.15 #43.17 +23.75 +36.54 +21.42 +1.%1 +2.72
FAY 815 &88 157 1= 186 1468 7 il
+126.19 +182.80 +48.48 +36.55 +44.58 +42.68 +1.67 +2.43
AN 761 847 =23 139 183 128 7 16
+127.77  +151.18 448,95 +31.98 +36.61 +25.45 +1.99 +2.19
JE &94 721 158 184 147 168 7 14
£148.74 +171.11  +41.63 +26.48 +28.98 +26.58 +#.28 +2.79
AG 855 737 252 152 166 125 & 11
+148.85 +12°.88 +42.14 +34.38 +28.94 +23.28 +1.58 +2.89
&P 874 804 137 117 138 1682 19 5
+142.47  +132.48 +28.62 +28.66 +35.49 +33.27 +3.97 +3.22
ocT g2 798 182 182 144 154 & 18
H37.38 #5185 +38.28 +#4.11 4+33.42 +28.38 +1.63 +2.81
NW 791 721 166 146 149 169 8 12
+H43.74 126,28 +52.98 +26.68 +25.98 +738.22 +2.41 H.5G
DEC 894 884 253 183 206 121 & g
+56.87 +121.78 #49.05 +37.21 +34.53 +23.93 +1.84 +2.84




TAHE 16 & DIMENSIONAL DETAILS AND FOMLATION OF CAMBIAL RAYS IN NORMAL (N) AND
SFFECTED (A) TREES OF SYZYGILK CURINI
FONTH FEIGHT (wn) WIDTH (wm) R&Y CELL FOPULATION/Cm
DIAMETER {wm)
N ] N A W A N A
JAN 279 228 4z 32 2 23 127 131
+69.84 +81.58 +13.68 +13.11 +5.68 +#.18 +14.5 +18.68
FER 318 32 48 45 26 24 126 119
+69.48 +131.98  +16.51 +13.27 +5.94 +5.41 +17.78 +23.18
MaR 314 348 35 43 i 24 127 138
Hoa.11l  +145.63  +11.71 +18.25 H.30 +6.68 +28.98 +28.608
AR 277 421 44 q1 23 22 126 142
+84.42 +163.89 +12.88 +14.78 +6.82 +3.39 +16.28 +11.27
FAY a1 798 47 39 24 26 111 124
+138.87 +141.18 +16.89 +15.26 +46.534 .83 +13.68 +28.18
JU 323 63 47 48 26 23 1728 144
+153.88  +116.39  +15.87 +13.27 +6.84 +5.96 +6.58 +16.08
i 34 e 49 a7 23 24 116 127
+146.48  +98.75 +17.43 +12.24 +,44 +5.44 +21.668 +H5.68
ALG 318 364 qz 44 24 27 1i1 141
+131.926  +197.43 +14.45 +15.99 +6.58 +5.89 +16.658 +14.18
geP 428 3&4 43 38 s 24 139 142
+145.27  +#128.14 #1157 +#2.21 5.74 135,54 +20.78 +19.38
acr 261 371 44 56 28 32 111 118
+128.28  +147.85 +146.49 +19.33 18.14 +8.36 +19.58 +28.08
KW 36 482 56 42 29 26 118 134
+125.58 +194.43 +27.46 +13.94 17.682 +5.72 +13.38 +19.68
DEC J73 3467 47 G s 23 116 175
+115.19 +149.4% +15.359 +15.99 +5.36 5.3 +15.58 +28.98




TARE 17 :

SEASONAL STARCH CONTENT IN CAMRIUM  AND FARENCHYTWA CELLS OF XYLEM AND FHLOEM OF
NORMAL (N) TREES OF SYZYGILK CUMINI

JeN  FEH AR &R may JUN JUL AG SEF OCT
HAINSTEN
o - + 4] %] - - 8 a8 [ ] |
FHL_OET
B - + % - - + 8 + 8 "
FCC X X X X X b X X X X
CAMEIUA
CRC X X X X X X 3 X X X
AR 8 + + ] ] " " X X X
Cl.Cz
R¥ a8 - X X - + s X X X
XYLEM
o a - ] + ] - | " " L "0l
fw.Cz
R ] + b - + + " @ @ +
YOLNG
ERANCH
I R - + ) - + - + -
PHLOEM
X - X - X + - + 8 +
AR a8 X - L ] " b3 9 X X
XYLEM
F + + ] + s "m X " X X

DEC

AF = AXIAL. FARENCHYMA, FOC = FUSTFORM CAMBIAL CELL

R = RAY PARENCHYMA, CRC = CAMBIAL RAY CELL

Clucz = CLOSE TO CAMBIAL ZOnE
fm.cz = AUAY FROM CAMBIAL ZONE



TAHE 18 @ SEASORAL STARCH CONTEMT IN CAMBEIAL.  AND PARENCHYMA CELLS OF XYLEM AND PHLOEM OF
ATECTED (A) TREES OF SYZYGIUM CLMINI

JAN FEB MR &R maY LN JL AG Ser OCT NV DEC

MAINSTEM
A g 8 - " (4] L] | ] ] . ] ]
PHLOENM
RF 4 - ] % X - + + o {5} + -
FCC ¥ b4 X X b be X X X % v be
CapRIUM
CRC X X X X % b4 be X X X X X
P + ] a8 | + + 7] % X be + +
Cl.Cz
RF + X X b X 0 ] X X X - -
XYLEN
oF 0 ] @ ] + - s » ] + ] ]
Aw.Cz
RF " X @ 8 s a8 . 5] a ] a ]
YOG
BRANCH
& - + a8 X - X - L 5] - + +
FHLOEN
B+ + + X " - - | + + + +
C X X b X X X X X X X X X
fF - v @ - - - " a + - - ]
XYLENM
R ] 8 L ] s 8 + s ] " ] e a8

A = AXIAL PARENCHYMA, FCC = FUSIFORM CAMBIAL CELL
RP = RAY PARENCHYMA, CRC = CAMBIAL RAY CELL

Cl.cz = CLOSE TO CAMBIAL ZONE

Au.cz = ANAY FROM CAMBIAL ZONE
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FI1G. 31.

A-G: Transverse sections of cambium of normal trees.

Periclinally dividing (arrow) fusiform cambial cells in Febru-
ary. x 300.

Dormant cambial zone in March. x 420.
Cambial zone in May. x 370.
Dormant cambial zone in June. x 294.

Differentiation of xylem elements from active cambial zone. X
375.

Cambial =zone with periclinally dividing fusiform and ray
cambial cells. Arrow indicates ray cambial cells filled with
less dense phenolic contents . x 400.

Active cambial zone in December. Arrow indicates recently
divided fusiform cambial cell. x 330.

CZ: Cambial Zone; DX: Differentiating Xylem; RC: Ray Cambial
Cell; V: Vessel Element
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Fig. 32.

A-G: Transverse sections of cambium of affected trees.

A. Dormant narrow cambium surrounded by mature xylem and phloem
elements in February. x 400.

B. Dormant cambium iﬂ March. x 400.

C. Swelling of fusiform cambial cells towards phloem and xylem
side. x 400.

D. Dormant cambial zone in June. x 400.

E. Cambial zone surrounded by differentiating xylem and phloem
elements in August. x 250.

F. Active cambial zone in September. x 330.

G. Cambial zone with differentiating elements in December. x 330.

CZ: Cambial Zone; DX: Differentiating Xylem; PH: Phloem; V:
Vessel Element
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Fig. 33.

A-D: Tangential longitudihal segttions of cambium.

A. Nonstoried arrangement of fusiform and ray cambial cells in
normal trees. x 184.

B. Fusiform cambial cells of affected trees showing beaded radial
walls (arrow) in March. x 250.

C. Fusion of radially adjacent canbial rays (arrow). Arrowhead
indicates a ray cambial initial. x 160.

D. Two celled cambial ray with dark phenolic contents (arrows). x
250.

FC: Fusiform Cambial Cell
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Fig. 34.

A-F: Transverse sections of phlgem and xylem.

A. General structure of pllbem shbwing sieve elements, parenchyma
cells with dark contents and isolated fibre groups (arrows). x
120. ’

B. Compound scalariform sieve plates in phloem. x 238.

C. Tyloses with dark contents in a vessel element {(arrowhead) . x
250.

D. Demarcation of xylem growth ring boundary by the presence of
thick walled narrow elements. x 156.

E. Distribution of vessels in normal trees. x 33.

F. Distribution of vessels in affected trees. x 33.

RB: Ring Boundary; SP: Sieve Plate; V: Vessel Element
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Fig. 35.

A-D: Radial longitudinal sections of xylem and phloem.

E-F: Transverse sections of young branch.

G-J: Radial longitudinal sections of fusiform cambial cells.

A.

Phloem ray parenchyma sthing sparsely distributed small
granules of starch in normal trees. x 244.

Distribution of starch in phloem ray parenchyma of affected
trees. x 380.

¥ylem axial parenchyma with sparsely distributed starch in
normal trees. x 400.

Starch distribution in xylem axial parenchyma of affected
trees. x 400.

Branch xylem parenchyma cells showing no starch contents
(arrows) in normal trees. x 120.

Branch xylem parenchyma cells with starch content (arrows) in
affected trees. x 120.

Protein bodies (arrow) in dormant fusiform cambial cells of
normal trees. x 210.

Protein bodies {(arrow) in dormant fusiform cambial cells of
affected trees. x 210.

Lipid bodies along the walls of dormant fusiform cambial cells
{arrow) in normal trees. x 850.

Lipid bodies along the walls of dormant fusiform cambial cells
in affected trees. x 700.

AP: Axial Parenchyma; RP: Ray Parenchyma
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Fig. 36.

A.

Radial longitudinal section of cambial zone stained with Peri-
odic acid-Schiff's reagent for total polysaccharides. Ray
cambial cells show dark catéghbl type of tannin contents
(arrowhead). Arrows indicate large primary pit-fields on
radial walls of fusiform cambial cells. x 357,

Radial longitudinal section of xylem stained for total poly-
saccharides., Total polySQGchariﬁes are often obscured by the
tannin contents in parenchyms dells. x 223.

FC: Fusiform cambial cell; RC: Ray Cambial Cell; RP: Ray
parenchyma; S8g: Starch grainsg. :
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Fig. 37.

A-C and F: Transverse sections (Unstained).

D,

A.

E and G-1I: Macerated xylem elements.

Lignified elements of xylem and phloem seen under fluorescent
light. Arrowheads indicate fluorescing phenolic contents in
ray cells. x 100.

Lignified =xylem fibre of narmal trees as seen under floures-
cence microscope. Note (arrow) more lignification of middle
lamella and inner most layer pof secondary wall. x 250.

Lignification of xylem fibtres as seen under flourescence
microscope. Note (arrow) relatively 1less 1lignified middle
lamella and inner secohddary wall layer. x 250.

Vestured bordered pits on cuter surface of the vessel element
wall seen under scanning electron microscope. Note (arrow) the
bordered pits with totally cleosed pit apertures. x 3450.

Bordered pits on the inner surface of the vessel element seen
under scanning electron microscope. x 2100.

Xylem growth ring boundary as seen under polarization micro-
scope. Note (arrow) the discernibility of ring boundary by the
thick walled highly birifringent fibres. x 685.

Scanning electron micrograph of a vessel element exhibiting
vestured bordered pits (arfow) and large window pits (arrow-
head) on the outer wall surface. x 650.

Scanning electron micrograph of a vessel element tail portion
showing bordered pits (arrow) and window pits (arrowhead). x
2600.

Scanning electron micro_graph of a xylem ray parenchyma cells
showing large window pits (arrow). x 2100.
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Fig. 38.
Schematic diagram illustrating the seasonal variation in the
mean number of cell layers in canbial zone in the main stem

and young branch and differentiating xylem and phloem elements

in the main stem of normal trees.
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Fig. 39.
Schematic diagram illustrating the seasonal variation in the
mean number of céll layers in cambial zone in the main stem
and young branch and differentiating xylem and phloem elements

in the main stem of affected trees.
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Fig. 40.
Histogram showing seasonal variation in mean length of xylem
fibres and fusiform cambial cells.

A: Normal B: Affected
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Fig. 41.

Graphic representation of seasonal variation in cambial ray

height (A), width (B) and diameter of ray cells (C) in pm.
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Fig. 42.
Histogram showing seasonal variation in cambial ray popula-

tion in one cm tangential width of cambium,
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Fig. 43.
Graphic representation of seasonal variation in vessel lumen

2
diameter in um (A) and number of vessels/0.5 mm (B).
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Fig. 44.

A-F: Transversely cut blocks of xylem as seen under Stereo zoom
microscope.

A and B : Xylem growth rings in normal (A) and affected (B) trees
of Dalbergia. x 73.

C and D

Xylem growth rings in normal (C) and affected (D) trees
of Holoptelea. x 112.

E and F : Xylem growth rings in normal (E) and affected (F)
trees of Syzygium. E: x 112; F: x 179.
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