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Abstract. Shootgrowth in Delonix regia takes place in three distinct flushes, the
first commencing in mid-March, the second in late May and the third in October.
The cambial reactivation starts in April after the initiation of the first flush of shoot
growth, but the addition ofnew vascular derivatives does not take place until the
second flushof shoot growth has occurred. Heavy flowering which ensues following
first flush of shoot growth seems to delay ceU divisions in cambial initials in April.
Once the formation of cambial derivatives starts, it continues till mid-November
whence the cambium enters the dormant phase. Xylogenesis begins from July and the
formation ofphloem in October, while the precursor phloem differentiates in early
April.
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1. Introduction
C o s t e r a s early as 1927-28, considered that bud bursting and new leaf emergence
are highly significant for the initiation of cambial activity. The later works on
several tropical and temperate trees have supported Coster's contention (Chowdhury 1958, 1969; Chowdhury and Tandon 1950; Wareing et al 1964; Waisel and
F a h n 1965; Waisel et al 1966; Fahn et al 1968; Ghouse and Hashmi 1979a).
It
is believed that an intricate relationship exists between bud burst, leaf emergence
and initiation o f carnbial activity, the first two precediag the last.
The present
report deals with the relationship between shoot growth, flowering and the cambial
activity in Delonix regia, a flowering tree which originated in West Africa and is
presently g r o w n i n many parts of India. It has a deciduous habit and diffuse
porous wood. The study has been undertaken at Aligarh which is located at
27 ~ 53' N lattitude and 78 ~ 4' longitude in the monsoon belt of the great gangetic
plain of N o r t h India.

2. Materials and methods
Thirtysix trees of Delonix regia Rafin. planted 30 years earlier at the University
Campus of Aligarh were used for the present investigation. To study the phenology
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of the selected trees, 40 current year branches were tagged with aluminium labels
in each tree, at the rate of 10 branches facing east--west, north and south sides.
Observations were recorded on leaf rail, bud burst, leal emergente, flowering,
fruit setting, fruit persistence and bud burn for 3 consecutive calendar
years commencing from 1974.
The daily data on atmospheric temperature, relative humidity and rainfall
were collected from the local meteorological unir maintained at the University
Campus. The monthly average of physical factors was ealculated and represented
in figure 1.
Samples of cambial strips of 2 cm sq, together with the inner bark and some
sapwood were collected at fortnightly intervals for 3 consecutive calen-
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Figure 1. Graphs showing the relationship between the atmospheric temperature,
relative humidity, rainfall, phenology and cambial activity
in Delonix regia
du¡
a calendar year.
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dar years starting from 1974. Chisel and hammer were employed to take out the
blocks from the main trunks at chest height (1.5 m from ground level). Three
trees were sampled on each turn and from each tree four blocks were obtained,
one each from east, west--north and south side of the tree. The excised blocks
were ¡
on the spot in FAA (formalin-acetic acid and ethanol mixture) and
aspirated after an hour. After fixation, they were softened in ah alco-glycerol
1:1 mixture of 50% ethanol and 50% glycerol for 4 weeks.
Sections were prepared using a sliding microtome in transverse, tangential a n d radial longitudinal
planes at a thickness of 10 q
The sections were stained with tannic acid and
ferric chloride (Foster 1934) and with lacmoid combination (Cheadle et al 1953)
and mounted in Canada balsam, after dehydrating in ethanol-xylol series.

3.

3.1

Observations

Extension growth

Delonix regia, being a deciduous tree, starts shedding leaves from December and
becomes completely bdre by early January and remains so till mid-March (figure 1).
In March-April, the weather becomes a little warm in day and large number of
buds emerge from the naked branches of the previous year in the axils of fallen
leaves. The bud grows rapidly and produces two or three bi-paripinnate leaves
within a fortnight. By mid-April buds of floral axes come up in large quantity
from the axils ofnew leaves on current year shoots. These buds develop into a
large corymbose inflorescence, each having a large number of conspicuously coloured
showy flowers. The trees bloom heavily in late April and early May a n d a s
a result, the green crown appears as flaming red or orange.
The first flush of extension growth which begins in late March ends by late
April when reproductive growth becomes establisbed.
As a result of heavy
flowering, the vegetative growth of the shoots stop completely. In late M a y o r
a little earlier, flowermg declines and the fruits start setting. It may be noted
that the fruits remain on the tree for about 14-15 months.
The second flush of shoot growth starts in the second h a l f o f May and continues
up to August. It occurs at a rapid rate and accounts for the major part of the
year's growth product.
The third flush of shoot growth occurs in October in the same year, aithough
for a short duration because the low night temperature of November burns down
the apices of the branches. Leaffall ensues in early December and the events
repeat once more (figure 1).

3.2

Cambial activity

The microscopic analysis of the cambial samples, collected at fortnightly intervals,
indicates that cambial reactivation commences in the first half of April soon after
bud burst and leal emergence in first flush of extension growth.
To start with
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the protoplasmic eontents of the cambial cells stain lighter than before. Concurrently, the nuclei also lose their chromaticity. In late May a few cells of the
cambial zone enlarge in radial direction and later enter the active phase by undergoing ceU division in the first week of June. The radial growth thus resuming in
early/une continues up to the second week of November, stretching over a period
of five a n d a half months against the eight month extension growth occurring in
three distinct flushes.
After cell division, the size of cambial zone population swells up (figures 2
C,D) touching its peak in August-September and declining later, as the derivatives
continue to differentiate a t a rapid tate. In October the activity slowly declines
and stops by mid-November. The cambium thus enters its dormant phase in
late November when the cells develop dark protoplasmic contents (figures 2 A, B).
The walls of the cambial cells, especially the radial walls become thicker and
develop beaded appearance on account ofunthickened primary pit-fields.
The
cambium rernains in this state till the following spring.

3.3

Formation of xylem and phloem

New xylem differentiatesin trunks in July after the break of monsoon, although
the cell divisions start in cambial cells one month earlier. Xylem formation takes
place at a high rate throughout August and September and slows down in October
and later stops by mid-October (figure 1). The phloem production, on the other
hand, initiates in October, when the air temperature becomes somewhat moderate
and lasts for about a month.
Earlier to the initiation of cambial activity, but after the advent of summer in
early April, a few layers of cells differentiate into a narrow strip of new phloem
out of the overwintered mother cells. This precursor phloem measures about 75
to 100/~m in depth in transections.
In a growth year, as viewed in transections, about 800/~m of xylem and about
500/.91 of phloem are produced by D. regia at Aligarh conditions of weather.

4.

Discussion

The majority of dicotyledons and gymnosperms show a sharp periodicity of shoot
growth includingradial growth. However, in certain exceptional tases growth
may occur throughout the year without break, particularly in the tropical environment (Alvim 1964; Fahn and Sarnat 1963; Fahn et al 1968).
The pioneering workofChowdhury (1958, 1968, 1969) has shown that the
radial growth in certain Indian trees may extend up to 10 months in a calendar
year. Other works also indicate that the tree growth in tropics takes place for a
considerably longer duration than at the temperate regions (Fahn and Sarnat 1963;
Lawton 1972; Rao 1972; Chau and Chiang 1973; Lu and Chiang 1975; Khan and
Ghouse 1978, 1980; Ghouse and Hashmi 1979a). The present study on D. regia
also indicates the same, as far as the extension growth is concerned. However,
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Figure 2. Photomicrographs showing the active (A and C) and dormant phases
(B and D) of vascular cam[ium in tangential (A and B) and transverse
(C and D) sections-A, B, C at X 372; D at X 160
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radial growth in D. regia takes place only for a period of five a n d a half months
in a year and ir, therefore, does not resemble other trees which grow in tropics.
This may be due to the flowering habit of this species in which the cell division
in cambial cells is seemingly delayed by heavy flowering till June.
The direct relationship between extension growth and the eambial activity
established by earlier workers like Chowdhury and Tandon (1950), Chowdhury
(1958, 1969) and Ghouse and Hashmi (1979a) is further getting confirmed in the
present study, since it demonstrates that the occurrence of extension growth
acts as a prerequisite factor for the initiation of cambial reactivation in the investigated species. In Polyalthia longifolia the authors noted that the reactivation
of vascular cambium is invariably preceded by the swelling phenomenon in certain
eambial cells and this incidence is initiated, in turn, by the emergence of leaves
(Ghouse and Hashmi 1979a). The results obtained in thepresent study also indicate the same for D. regia. In an earlier communication the authors further
brought to light that high temperature and high humidity accelerate the differentiation of xylem and low humidity favours the formation of phloem in P. longifolia
(Ghouse and Hashmi 1978). A careful scrutiny of the data obtained in the
present study reveals that the requirements for differentiation of phloem and xylem
are different and they follow more or less the same trend in D. regia and P. longifolia (Ghouse and Hashmi 1978).
The decrease in chromaticity of the protoplasmic contents, tanniferous substancesand the cell wall characteristics have also been noticed in the past (Derr and
Evert 1967; Tucker and Evert 1969; Ghouse and I-Iashmi 1979a).
Differentiation of phloem preceding that of xylem has been recorded in a number
of tropical trees including those that grow in India (Lawton 1972; Ghouse and
Hashmi 1978, 1979b). In the present study xylem has been noticed to differentiate
first during a growth year.
However, the precursor phloem differentiation
as noted in D. regia is more commonly observed in the Indian trees (Ghouse and
Hashmi 1979b, 1979c, 1980) than reported so lar in the temperate trees (Evert
1960, 1963; Derr and Evert 1967; Davis and Evert 1968).
The differentiation of phloem two times in a year first in early April
and next in October, as found in D. regia invites special attention. The phenomenon appears to be controlled more by the environmental conditions than by the
internal make up of the species. A cursory look of the weather data provided
in figure 1 indicates that the temperature during the periods of phloem differentiation happens to be almost the same in the present case. Ir appears that a slight
rise in temperature above this level does not seem to favour phloem differentiation
in this species. A situation of more of less similar nature has been observed in
Polyalthia longifolia by the authors (Glaouse and Hashmi 1978).
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