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Abstract The interrelationship between phenological
events, climatic factors, periodicity of cambial activity and
seasonal production of xylem was examined in Dillenia in-
dica L. (Dilleniaceae) growing in sub-tropical wet forest of
Meghalaya state, India. The reactivation of cambial activity
was seen in the first week of May, 15 days after sprouting
of new leaves and buds. The activity of cambium and xylem
production gradually declined toward December and ceased
from January to April end. There was correlation between
leaf fall and cambial dormancy. It was evident from the cor-
relation and regression analysis, the relationship between
cambial activity, xylem production with climatic factors, the
monthly mean minimum temperature plays an important role
for the cambial activity and xylem production rather than in-
fluence by rainfall and relative humidity in D. indica L. The
data were discussed in the light of cambial activity, xylem
production and phenological events.

Keywords Dillenia indica L. . Vascular cambium . Annual
rhythm of xylem production . Sub-tropical wet forest .

Multiple (partial) regression analysis . Northeast India

Introduction

The activity of vascular cambium is not uniform throughout
the year and determined by the interaction of internal and
external factors (Philipson et al. 1971; Larson 1994; Iqbal
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1994; Grotta et al. 2005). The majority of past studies on
cambial activity are pertained to plants growing in temperate
region with definite seasonal climates (Bailey 1920; Bannan
1955, 1962; Antonova 1996, 1997; Antonova and Stasova
1997; Rensing and Samuel 2004). The seasonal variations
of cambial activity and annual rhythm of xylem and phloem
differentiation in tropical trees, semi-arid and arid regions
have been studied in quite a number of plants (Coster 1927,
1928; Chowdury 1939, 1940, 1941; Koriba 1958; de Alvim
1964; Fahn et al. 1968; Amobi 1974; Ghouse and Hashmi
1978; Denne and Dodds 1981; Dave and Rao 1982; Venu-
gopal 1986; Venugopal and Krishnamurthy 1987; Creber and
Chaloner 1990; Larson 1994; Priya and Bhat 1999; Borchert
1999; Rao and Rajput 2001a, b). The effect of genetic and
environmental factors on shoot growth and xylem formation
has been studied in the West African tropical tree Termi-
nalia superba Engl. and Diels (Combretaceae) (Longman
et al. 1979). Periodicity of wood formation in twigs of 11
tropical trees was studied in different ecological areas, such
as lowland rainforest, savannah and mangrove swamps in
Nigeria (Amobi 1974). Recently, the wood production has
been estimated in the natural forest stand in Cameroon by
using tree ring analysis (Worbes et al. 2003). Cambial ac-
tivity and annual rhythm of xylem development in trees and
shrubs of desert plants Tamarix aphylla (L.) Karst., T. jorda-
nis var. negevensis, T. gallica L. var. maris-mortui (Gutm.)
Zoh., T. jordanis Boiss. var. negevensis Zoh., (Tamaricaceae)
have been studied in Israel (Fahn 1958). In the Southeast
Asian countries, a sizable number of trees have been stud-
ied. The earliest report on the growth of Tectona grandis
L.f (Verbenaceae) was studied by Brandis (1856) by mea-
suring ring width (Mariaux 1981). The correlation between
cambial growth and rainfall has been assessed in the low-
land dipterocarp forest of Peninsular Malaysia (Killmann
and Thong 1995). Cambial activity, development of xylem
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and phenology have been studied in Azardiracta indica L.
(Meliaceae) (Rao and Rajput 2001a, b); Tectona grandis L.f
(Berlage 1931; Rao and Dave 1981; Venugopal and Krishna-
murthy 1987; Rao and Rajput 2001a, b, 1999; Priya and Bhatt
1999); Acacia nilotica (L.) Del., Albizzia lebbeck Benth.
(Mimosaceae) (Rao and Rajput 2000, 2001a, b; Venugopal
and Krishnamurthy 1987), Dalbergia sissoo Roxb. ex DC
(Fabaceae) (Ghouse and Yunus 1974); Venugopal and Krish-
namurthy 1987) Polyalthia longifolia Sonn. (Annonaceae)
(Ghouse and Hashmi 1978); Mangifera indica L. (Anacar-
diaceae) (Dave and Rao 1982; Venugopal and Krishnamurthy
1987); Calophyllum inophyllum L. (Clusiaceae), Morinda
tinctoria Roxb. (Rubiaceae), Terminalia crenulata Roth.
(Combretaceae) (Venugopal and Krishnamurthy 1987).

On the basis of phenological rhythms, cambial activity
and climatic conditions, the tropical trees have been clas-
sified into four types (evergreen, stem succulent, deciduous
and brevideciduous) growing under the same ecological con-
ditions (Borchert 1999). The effect of flood on tree growth
in the Amazon forest in relation to phenology and analysis
of ring has been studied in detail (Schongart et al. 2002;
Dezzeo et al. 2002; Worbes 1999). However, studies on the
seasonal activity of vascular cambium and production of
xylem in relation to different climatic factors in sub-tropical
wet forest are scarce. Therefore, the present study on annual
rhythm of cambial activity and differentiation of xylem in
relation to phenology as well as the climatic improves our
further understanding of tree growth in D. indica L. growing
in sub-tropical wet forest of northeast India. Furthermore,
this type of study is applicable to estimate tree’s productivity
and growth as well as evaluating past and present forest en-
vironments through tree ring research (Fritts 1976; Worbes
1995, 2002; Schweingruber 1988, 1996).

Material and method

Study area and climate

The upland area, where most of the sub-tropical mixed forest
exists, was selected for the study in Botanical Survey of In-
dia, Experimental Garden, Shillong. (25◦34′N and 91◦53′E)
with an elevation of 1,100 m a.s.l. The elevation above sea
level is characterized by mountain climate or wet hill forest
climate with low temperature and relatively high precipi-
tation (Lal 2000; Worbes and Junk 1989). As the altitude
increases, various climatic elements such as pressure, tem-
perature and precipitation undergo well-defined changes (Lal
2000). The soil is loamy, reddish brown in colour and lat-
eritic in origin. The pH ranges from 5.9 to 6.2 (Singh 1996;
Porwal et al. 2000; Mishra et al. 2003, 2004). Climatologi-
cally, this study area belongs to the sub-tropical wet climatic
region (Champion and Seth 1968). On the basis of variation
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Fig. 1 Showing different climatic factors in the study area of D. indica
during 2002–2003

of temperature, rainfall and wind, the year in the region may
be divided into four distinct seasons: (1) winter (December–
February), (2) pre-monsoon or summer (March–May), (3)
monsoon (June–September) and (4) retreating monsoon (Oc-
tober and November) (Porwal et al. 2000; Dhirendra Singh
2002); Tripathi et al. 2004). This region receives abundant
southwest monsoon from June to October. Highest rainfall is
recorded in the months of June and July. The mean tempera-
ture ranges from 5 to 15◦C in winter and from 20 to 25◦C dur-
ing summer. The data on the climatic factors were collected
from Central Seismological and Meteorological observatory,
Shillong station, Government of India. Monthly mean, mean
maximum, mean minimum temperature, rainfall and relative
humidity for the years 2002 and 2003 were chosen for this
study (Fig. 1).

Field observations

Periodic collection of twigs measuring from 1.5 to 2 cm in
diameter was made from ten plants growing in the Botanical
Survey of India, Experimental Garden, Shillong. They were
fixed in FAA (formalin-aceto-alcohol), Glutaraldehyde and
Cornoy’s fluid in the field itself at every fortnight interval for
two consecutive years 2002 and 2003. The timing of different
phenophases such as leaf fall, leaf flush, flowering, fruiting
and seed dispersal was recorded during this period (Fig. 8).

Analyses in laboratory

The materials were processed through customary method of
dehydration, paraffin embedding and sectioning at a thick-
ness of 8–10 µm. The sections were stained either with
tannic acid and ferric chloride counterstained with lac-
moid blue (Cheadle et al. 1953) or with toluidine blue O
(Feder and O’Brien 1968). For micro measurement, recently
formed xylem tissue was carefully teased out and macerated
according to Jeffrey’s method (Berlyn and Miksche 1976).
Total starch content and phenol were localized by using
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Table 1 Quantitative data of vascular cambium and their derivatives in Dillenia indica

Months Numbers of
cambial layers

Average cambial
zone width (µm)

Average length of
fusiform initial (µm)

Average width of diff-
erentiating xylem zone (µm)

Average length of
xylem fibre (µm)

Average length of
vessel element (µm)

April 3–4 48.48 ± 5.81 1215.8 ± 27.4 – 1733.1 ± 154.5 1095.41 ± 42.3
May 4–5 64.75 ± 6.82 1264.6 ± 41.9 46.23 ± 4.87 1810.05 ± 126.5 1116.6 ± 72.4
June 6–7 90.09 ± 7.02 1290.7 ± 50.2 97.44 ± 5.51 1798.1 ± 169.2 1165 ± 72.3
July 7–8 103.14 ± 5.03 1284.9 ± 29.6 121.18 ± 7.49 1815.2 ± 111.7 1172.76 ± 55.6
August 8–9 96.25 ± 6.15 1327.40 ± 36.9 114.34 ± 8.02 1867.5 ± 125.1 1181.39 ± 85.07
September 7–8 93.60 ± 6.47 1283.30 ± 59.8 98.23 ± 6.37 1807.6 ± 147.4 1168.41 ± 103.9
October 6–7 87.70 ± 6.67 1266.03 ± 46.9 81.22 ± 5.63 1821.1 ± 146.5 1150.63 ± 88.1
November 5–6 67.77 ± 5.34 1248.10 ± 41.9 58.20 ± 4.46 1726.3 ± 134.06 1138.38 ± 79.8
December 4–5 54.56 ± 6.04 1203.1 ± 42.8 20.65 ± 2.28 1731.5 ± 131.01 1110.9 ± 83.2
January 3–4 41.98 ± 6.13 1168.1 ± 32.2 – 1653.4 ± 98.8 1011.30 ± 81.82
February 3–4 42.39 ± 5.13 1148.4 ± 33.2 – 1644.9 ± 103.7 1013.7 ± 96.1
March 3–4 45.27 ± 6.42 1197.04 ± 39.3 – 1746.07 ± 155.9 1073.39 ± 82.6

(–). no xylem production.

( ± ). standard deviation.

iodine-potassium iodide and Gibb’s reagent, respectively
(Johansen 1940; Gahan 1984; McCully 1966). All measure-
ment were made on 100 samples of each of the wood ele-
ments. The mean length and breadth of fusiform initial were
calculated from slides in Transverse Longitudinal Section
(TLS) of 100 randomly chosen fusiform initial. Photographs
were taken from Nikon E600 microscope.

Data analysis

The mean value and standard deviation were calculated for
all the measurement made. Statistical analysis of relation-
ship between climatic factors (monthly mean, maximum
and minimum temperature, rainfall, relative humidity) and
anatomical variables such as cambial zone width, length of
fusiform initial, width of differentiating xylem zone, length
of xylem fibre and vessel element were calculated by using
Karl Pearson’s correlation coefficient. Multiple (partial) re-
gression analysis was done and (t) values were calculated
to determine the influence of particular climatic factor on
cambial activity and xylem production (Zar 1974; Schwein-
gruber 1988).

Results

Cambial activity in relation to phenology

The first visible indication of dormancy breakage in D. indica
was a slight swelling of young vegetative buds in the middle
of April (pre-monsoon or summer season), during which,
though three to four cambial layers remained, the fusiform
initial showed marked radial swelling. By the middle of May,
the maximum leaf flushing started and continued up to the
end of December (end of pre-monsoon or summer season to

the beginning of winter season). Sprouting of new leaves as
well as persistent mature leaves were observed from middle
of April to January (end of summer or pre-monsoon sea-
son to the middle of winter season). The number of cambial
layers ranged from five to nine from May to December. Con-
sequently, the cambial zone width also increased (Table 1).
Leaf senescence was initiated from the month of February,
and the defoliation continued up to the end of March (winter
to the pre-monsoon season). The tree was completely barren
for a brief period of 15 days; therefore, D. indica belongs
to brevideciduous type (Borchert 1999). During winter, the
cambium consisted of only three to four layers and the av-
erage width of the cambial zone remained more or less the
same (Table 1). Flowering was noticed in the months of
June and July (monsoon season). Fruiting was observed in
the month of August, and mature fruits were borne on tree
from September to the last week of October. The dispersal
of seeds took place in the months of October–December
(retreating monsoon period to the beginning of winter)
(Fig. 8).

Cambial activity and xylem differentiation

In D. indica L., the vascular cambium was non-storied with
axially elongated fusiform initials and ray initials; the ray ini-
tial were unicellular, uniseriate with rectangular cells, while
the multiseriate rays were comprised of more or less isodi-
ametric cells. The ray initials were filled with starch grains
and phenolic contents (Figs. 2–3). During the active period
of vascular cambium in 8 months from the first week of May
to the last week of December (pre-monsoon to towards the
beginning of winter seasons), the cambial zone was wider
consisting of five to nine cell layers (Fig. 3) in each radial
file. During the months of July–September (monsoon sea-
son), cell walls of both the fusiform and the ray initials were
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Figs. 2 and 3 Transverse sections of Dillenia indica stem showing the
dormant and active vascular cambium respectively. Note the cambium
is only three layers in the dormant period and six to eight layers in the
active cambium (white arrows). Both the active and the dormant ray
initials filled with phenolic contents (DX, differentiating xylem zone;
DV, differentiating vessel elements; Ph, phloem; bar, 70 µm)

thin, and the beaded appearance of fusiform initials was not
much prominent (Fig. 5). In contrast, during the dormant
period of 4 months from January to the end of April (win-
ter to the beginning of pre-monsoon seasons), the cambial
zone was narrow, consisting of three to four layers only with
relatively thick radial walls in transverse section and sur-
rounded by mature xylem and phloem elements (Fig. 2).
The initiation of cambial activity was marked by swelling of
fusiform initials and the active vacuolation in the month of
May (towards the end of pre-monsoon or summer season)
and followed by periclinal divisions in the fusiform initials
observed from May onwards. Consequently, the number of
cells in the cambial zone and the width of cambial zone in-
creased considerably. During the active period, the number
of periclinal divisions was more than the number of anti-
clinal divisions (Fig. 6). The fusiform initials showed two
to three nucleate and aseptate. The average data pertaining
to the size of the cambial width zone, differentiating xylem
zone, fusiform initial, xylem fibre and vessel element are
shown for the different months of years 2002–2003 (Table
1). The cambial activity was slowed down from October to
the end of December (from retreating monsoon to the be-
ginning of winter season). In the months of November and
December, the percentage of anticlinal divisions was more
than the percentage of periclinal divisions. The cessation
of cambial activity began towards the end of December, and
dormancy was imposed from January to the end of April, and
the tree was barren for a brief period of 15 days in April. The
starch grains and protein bodies were masked by abundant
phenolic contents in the ray initials during dormancy only,
the raphids were noticed in the unicellular ray initial (Fig.
4) and on the phloem side; on the other hand, starch grains
were more in the xylem rays and xylem parenchyma cells.

Figs. 4–6 Tangential longitudinal sections (TLS) of vascular cambium
in Dillenia indica. 4. Dormant period showing the beaded nature of
fusiform initials, note the raphid needles are stored in the unicellular
ray initials and phenolic contents in uni/multiseriate ray initials. 5 and
6. Active vascular cambium showing the thin cell walls and beads are
not prominent. Note the multinucleate condition of fusiform initials.
The ray initials contain starch grains masked by phenolic contents.
Periclinal division in the fusiform initials with phragmoblast (white
arrows) (R, raphides; Ri, ray initials; Fi, fusiform initials; bar, 15 µm
in 4 and 5; bar 20 µm in 6)

Differentiation of xylem tissue

The secondary xylem of D. indica L. consists of libriform
fibres, vessel elements and axial parenchyma apotracheal
diffuse and paratracheal vasicentric scanty. Details regarding
the timing of initiation and the cessation of xylem production
as well as its duration and the average width of the cambial
zone and the average width of differentiating xylem zone are
given (Table 1). Xylem production was noticed for a total
period of about 8 months in D. indica L. with the formation
of new fibres, vessel elements and xylem rays in the month of
May after the formation of new foliage and branches; it was
continued up to the last week of December. A comparison
was made between the average length of fusiform initials
with that of libriform fibres and vessel elements in differ-
ent months of the year to find out the change in length, if
any, during differentiation of fibres and vessel elements (Fig.
7B). The average length of xylem fibres and vessel elements
showed the same trend of variation as that of fusiform initials
in D. indica L.

Starch grains, polyphenol and tannin contents are the ma-
jor reserved products found in the ray initials of cambium,
xylem rays, and axial parenchyma cells and occasionally in
the xylem fibres during dormancy (Figs. 2–3). During the
onset of cambial activity, the starch grains were reduced in
amount but not totally absent. Phenolic substances do exist
in both the dormant and active periods of vascular cam-
bium. The fibres produced during May were thin walled
with larger lumen and angled in transverse section, the cell
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wall thickness ranged from 1.5 to 2 µm (Fig. 3); in con-
trast, the cell wall thickness of the late wood fibres produced
during November ranged from 8 to 10 µm, and the fibres
were radially compressed and the lumen was very narrow
(Fig. 2). Similarly, the vessel elements produced during the
active period had sclariform perforation plates with 50–60
bars, whereas those produced during dormancy had the sclar-
iform perforation plate with 25–30 bars.

Relationship between climatic factors, cambial activity
and xylem production

During the onset of cambial reactivation and the differentia-
tion of xylem elements from the first week of May to the last
week of December (pre-monsoon to the beginning of win-
ter), a strong positive correlation was shown with monthly
minimum ambient temperature and the correlation coeffi-
cients were very high (Table 2). The response function and
the correlation coefficient of the cambial activity (includ-
ing cambial zone width, length of fusiform initials) ver-
sus the monthly mean minimum temperature (r = + 0.85,
r = + 0.90) was higher than the monthly mean temperature
and the mean maximum temperature, respectively (Table 2).
Similarly, the width of differentiating xylem zone, length
of xylem fibres and vessel elements showed more positive
correlation coefficient with the ambient monthly mean min-
imum temperature (r = + 0.88, r = + 0.89 and r = + 0.82)
than precipitation and relative humidity (Table 2).

The multiple (partial) regression analysis has shown that
rainfall was statistically significant but had inverse relation-
ship with the cambial zone width (t ≥ − 2.29), fusiform
initials length (t ≥ − 2.50), and the differentiating xylem
zone width (t ≥ − 2.55). The length of fibres did not show
any relationship with any one of the climatic parameters
because its t-value is less than 2.26. The length of vessel
elements showed statistically significant positive correlation
with monthly mean minimum ambient temperature (Table 2).
Other climatic parameters were not statistically significant
with any one of the quantitative data of the vascular cambium
and its derivatives. However, among the mean maximum,
mean minimum and mean temperature, the B-value of the
mean minimum temperature showed higher value than the
rest. Therefore, the mean minimum temperature had some
effect on the cambial activity and wood formation. Moreover,
during the onset of the cambial reactivation and differentia-
tion of xylem elements during first week of May to the last
week of December (pre-monsoon to the beginning of winter
season), a positive correlation was shown with monthly mini-
mum ambient air temperature and the correlation coefficients
are very high (Table 2). The effect of rainfall and relative hu-
midity on both the cambial activity and differentiations of
xylem elements was secondary in nature.

Discussion

The cambial reactivation and xylem differentiation were
seen in the month of May (pre-monsoon or summer sea-
son), 2 weeks after the onset of bud breaking during the
middle of April in D. indica L. at this study site (Fig. 7A;
Table 1). The same feature was observed in the sub-tropical
climate plants like, Pyrus communis L. and Pyrus malus L.
(Rosaceae) (Evert 1961, 1963b), Pinus strobus L. (Pinaceae)
(Murmanis 1971) and Quercus boissieri Reut. (Fagaceae),
Pistacia alantica Desf. (Anacardiaceae) (Fahn and Werker
1990), as well as the tropical species Tectona grandis L.f
(Rao and Dave 1981; Venugopal and Krishnamurthy 1987;
Priya and Bhat 1999; Rao and Rajput 2001a, b). Reactiva-
tion of the cambium in different months in the same species
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growing under different local climatic condition is reported
in some evergreen species (Zimmerman and Brown 1971),
but such comparative studies for the sub-tropical wet forest
are lacking.

The cambial activity continues for 8 months from May to
December (pre-monsoon to the beginning of winter season),
and dormancy from January to the end of April (winter to
the pre-monsoon or summer seasons) is imposed strongly
by climatic condition. The leaf fall started from February,
and complete defoliation resulted in the tree being barren
for a brief period of first 15 days during the month of April.
Therefore, D. indica L. growing in the sub-tropical climate
of northeast India belongs to brevideciduous (William et al.
1997; Borchert 1999). It simulates the phenology of tropical
deciduous tree (Philipson et al. 1971; Dave and Rao 1982;
Fahn 1982; Liphschitz and Lev-Yadun 1986; Venugopal and
Krishnamurthy 1987; Rao and Rajput 2001a, b).

Though D. indica L. growing in the sub-tropical wet cli-
mate within a limited habitat shows distinct annual rhythm
in the cambial activity, it results in the formation of invisi-
ble growth ring annually (Carlquist 1980; Liphschitz et al.
1981; Fahn et al. 1968). In Quercus costaricensis Liebm.
(Fagaceae), also growing in mountain sites in Costa Rica,
no clear rings with annual periodicity (Worbes and Junk
1989) are formed. Brevideciduous species are confined to
microsites with adequate soil water (Borchert 1994; Nepstad
et al. 1994). In D. indica L., xylem production was seen only
once in a year, i.e. from May to the last week of Decem-
ber. A similar pattern of xylem production is seen in most
of the temperate and tropical trees (Philipson et al. 1971;
Fritts 1976; Larson 1994; Iqbal 1994; Schweingruber 1996;
Worbes 1995, 2002). However, for some trees growing in
Israel (Fahn 1958; Liphschitz et al. 1981), Nigeria (Amobi
1974) and peninsular India (Venugopal and Krishnamurthy
1987), two flushes of xylem production in a year are reported.
Various anatomical features such as the presences of terminal
parenchyma, initial parenchyma, radially compressed fibres
and a lower frequency of vessel in the latewood are used
to demarcate the growth ring in tropical wood (Chowdhury
1964; Carlquist 1980). In D. indica L., tangentially com-
pressed two to three layers of fibres demarcate the growth
ring (Pearson and Brown 1981). In temperate plants over
winter, partially differentiated xylem element has been re-
ported in few plants (see also Romberger 1963; Longman
and Coutts 1974) in Quercus species, (Timell 1980) in Picea
abies L.(Pinaceae), Quercus rubra L. (Fagaceae) (Bannan
1955) in Thuja occidentalis L.(Pinaceae). Such phenomenon
has not been encountered in D. indica L.

Shorter element characterized the end of xylem produc-
tion, while the longer element marked the peak period of
the cambial activity and xylem production. Simultaneously,
the diameter of wood element was greater during the pe-
riod when their production was at its peak and minimum
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during the period when the activity of cambium was the low-
est. An analysis of earlier literature reveals that this trend
is shown by the largest number of plants studied (see also
Taylor 1976), even though the presence of longer late wood
fibres has been recorded in certain temperate trees (Bisset
and Dadswell 1950; Panshin and De Zeeuw 1980).

Probably starch and crystal of calcium formed the source
material for the new cell wall synthesis (e.g. carbohydrates
and calcium pectate) when the cambial derivatives are rapidly
produced. The maximal and minimal starch content in the
xylem of Abies balsamea (L.) Mill. (Abietaceae) associated
respectively with the period of cambial dormancy and reacti-
vation (Parker 1960; Sauter 1966; Pomeroy and Siminovitch
1971; Tsuda and Shimaji 1971; see also Riding and Little
1984; Essiamah and Eschrich 1985). When there are two
flushes of cambial activity and dormancy, the accumulation
and depletion of starch and calcium took place twice a year
(Venugopal and Krishnamurthy 1987).

The timing of reactivation, peak activity of cambium and
xylem production and mean cell length in D. indica L. were
studied in relation to the variation in the climatic factors such
as temperature, relative humidity and precipitation. Period-
icity of cambium and xylem production is controlled by var-
ious environmental and physiological factors (Kramer and
Kozlowski 1979; Venugopal 1986; Ajmal and Iqbal 1987;
Larson 1994; Rao and Rajput 1999). The monthly mean val-
ues of the climatic factors mentioned earlier for all the month
of the years 2002 and 2003 are presented (Fig. 1A and B). It
was observed that both the reactivation and the peak activity
of cambium and xylem production were generally favoured
by the mean minimum temperature (15–21◦C) in D. indica
Linn. The tree showed a positive correlation between the
lowest cambial activity and the absence of xylem production
with the lowest temperature range (5–12◦C) during January–
April. Therefore, a rise of 6◦C is enough to reactivate cam-
bium as well as induce new buds and foliage in D. indica
L. after dormancy. Higher temperature was reported to be
conducive for cambial reactivation and xylem production in
Picea glauca (Monech) Voss (Pinaceae) (Gregory and Wil-
son 1968). A similar view was expressed by Kramer and
Kolzowski (1979) that temperature was a significant factor
for bud break following reactivation and subsequent shoot
growth. On the other hand, a rise and fall in temperature was
reported to have no effect on the cambial activity in Euca-
lyptus camaldulensis Dehn. (Myrtaceae) (Waisel et al. 1966)
and in Cupressus sempervirens L. (Cupressaceae) (Liphs-
chitz et al. 1981). It appears that temperature factor does
not act independently and the law of limiting factor may
be in operation (Coile 1936; Keen 1937). The mechanism
by which higher temperature promoted the cambial reacti-
vation in many trees is not clear. On the basis of in vitro
experiment, the increase in temperature was responsible for
the release of auxin reserve from the tissue adjacent to cam-

bium, which, in turn, activated cambium (Wort 1962). On
the other hand, temperature had implicated in promoting
vacuolation of fusiform initial and may likely be the ef-
fect of increased temperature (Catesson 1962). The role of
rainfall on cambial behaviour and xylem production under
drought condition was studied much more intensively than
other factor in the past. Higher rainfall was reported to be
conducive to cambial reactivation in several plants growing
especially in the tropic and the semi-arid climates (Glock
1955; Reinders-Gouwentek 1965; Roger 1981; Dave and
Rao 1982). The present study also shows that the mean rain-
fall has less correlation than mean minimum temperature
in D. indica L. (Table 2). Rainfall probably is an important
factor only in the regions where the soil moisture content is
dependent on rainfall (Rao and Rajput 2000, 2001a, b). This
study has indicated that cambial reactivation, peak activity
and xylem production were not limited by rainfall because
D. indica L. grows only in limited habitat of sub-tropical wet
forest of northeast India, with enough moisture throughout
the year. In other words, D. indica is not subjected to phys-
ical drought or water stress (Fahn 1959a, b; Amobi 1974).
However, the monthly mean precipitation is below 50 mm
during December–February (winter season) and the soil type
is oxisols where moisture content is 30–40% (Pandey 2004;
Porwal et al. 2000; Tripathi 2002; Brady and Well 2002).
Moreover, this study site is located 60 km from Cherrapunji,
which is the region of highest rainfall (965 cm per year) in
the world (Lal 2000; Anonymous 1971, 1972). It was ob-
served that a higher mean minimum temperature generally
favoured both cambial reactivation and xylem production
in D. indica L. The other factors such as relative humidity
and precipitation have little effect on the cambial periodicity
and xylem differentiation. In Pinus kesiya Royle. ex. Gordon
(Pinaceae), Cedrus deodara Loudon (Pinaceae), Cryptome-
ria japonica D. Don. (Cupressaceae) growing in Meghalaya
at an altitude of 1,500 m a.s.l., mean temperature (15–22◦C)
played an important role in cambial reactivation and xylem
production (Dhirendra Singh 2002). But D. indica L. grow-
ing at an altitude of 1,100 m a.s.l. showed response only to
mean minimum temperature. The difference of an altitude of
400 m played an important role in the reactivation of cam-
bium and xylem production. It was interesting to observe
that the mean temperature at 1,500 m a.s.l. (upper Shillong)
is equal to the mean minimum temperature at 1,100 m a.s.l.
(15–22◦C) at the Botanical Survey of India, Experimental
Garden, Shillong. Present study on D. indica growing in the
sub-tropical wet forest in the north-eastern hilly region indi-
cate that the trees develop adaptive strategies in response to
the altitude and local climate.
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