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THE FORMATION OF GROWTH RINGS IN INDIAN TREES.

PART III.

1. Introduction.

For two previous investigations (3, 4), materials were

collected from trees growing round about Behra Dun. The first'

investigation was carried out for three successive years and the

second for a period of one complete year. When the data for

climatic conditions during these periods were analysed, no

direct relation between the prevalent temperature, rainfall and

humidity and the commencement and cessation of diameter growth

was noticed. Some effect of climatic variation was, however,

evident. Eut an attempt to determine the parts played by

different climatic factors, bringing about the cambial activity

and dormancy, was not met with, success. At that time it was

realized that such an absence of relation was probably due to the

complicated nature of the material investigated. For, the

various factors, which influence growth activity and dormancy

in the trees grown in a forest, are not easy to determine. In

view of these difficulties, it seemed advisable to carry out

further investigation on the following lines: the first step was

to select a few forest trees with wide distribution in India.

The next was to choose, within the distribution, two or three

localities which had pronounced climatic differences. Finally

it was to study the growth activity and dormancy of the selected-

species in the light of the local climatic conditions. This has

been done in teak (Tectona grandis. Linn, f.) and mahogany

(Swietenia macrophylla, King.) and the results are reported

here.

2. Material and methods.

It was decided to collect materials from three localities.

Dehra Bun was selected in the north and the two otner localities

were Kaptai, in the Chittagong Hill Tracts, Bengal, and

Nilambur, in uhe West Coast of Madras Presidency. Differences
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in the climatic conditions of' these localities are well marked.

Dehra Dun may be said to have a semi-temperate climate. The

hottest months of the year are May and June. At that time, the

maximum uemperature is usually about 100°F. The coldest month

of the year is January, when frost is a common occurrence. The

heaviest rainfall at Dehra Dun is during July ana August. On the

other hand, the climate is entirely different at Kaptai. Here,

the maximum temperature from March to October is aoout SO°F.

Usually the hottest months are March, April ana May, when the

temperature is near about 100°F. More than half of the total

annual rainfall is between June and September. January is

the coldest month, when one lowesu temperature is about 45°F.

Throughout the winter months, heavy dew at night ana dense mist

in the early morning are common occurrences. In the case of

Nilambur, the data for only rainfall are availadle but not for

temperature. Calicut, a place very near Filambur has got a

meteorological station. Temperature recorded at Calicut has been

included in tnis paper and will serve to give an approximate

idea of The temperature at Hilambur. The maximum temperature

throughout the year is about 90°F and the coldest month is

December, when tne lowest temperature is about bb°F. Tne

heaviest rainfall is during June and July. Tn August and

September, the rainxall is comparatively low but in October it

is again high. During the rains, day ana night temperatures

do not show much variation. A damp neat is the characteristic

of the place. The monthly average rainfall ana the monthly

normal uemperature tabulated below will give a general idea

of the climate of these three places.

Table I. Monthly average rainfall in inches.

Locality Jan. Feb, Mar.
1

Apr. • Maj June July AU| Sept Oct. Nov .Dec, Total

Dehra Dun. 2.3 2.3 1.4 0.7 1.2 b. 7 25.8 27.G 12.2 1.1 0.5 1.6 83.1

Kaptai
(Chittagong)

0.3 1.0 2.6 5.5 9.5 20.8 22.4 19.3 11.9 6.9 1.9 0.7 102.8

Milambur
West Coast 0.2 0.2 0.5 2.6 5. to 28.1 33.8 15.6 7.9 10.0 4.7 0.9 110.1
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Table II. Monthly normal mean temperature °F.

4, .. »_ t~ —

Locality Jan. Feb. Mar. Apr. May June July Aug. Sept Oct. Nov. Dec.

Dehra Dun 5,5 58 67 77 83 84 80 78 77 72 64 57

Kaptai
(Chittagong) 67 71 77 81 82 81 81 81 81 80 74 68

Calicut
West Coast 79 81 83 85 84 80 78 78 79 80 80 79

The trees investigated belong to the type of forest given

here. Dehra fun has been classified by Champion (1) under the

northern tropical moist deciduous forest, Chittagong under the

northern tropical wet evergreen forest and Nilambur under the

Southern moist deciduous forest. The data for teak (Tectona

grandis) were collected from all three localities, but for

mahogany (Swietenia macrophvlla) only from Kaptai and Nilambur.

Altogether 14 trees were investigated - 8 of teak and 6 of

mahogany. There were two teak trees at Dehra Dun .and they were

numbered 1 -and 2: at Kaptai there were three trees and they

were marked 3, 4 and 5; the remaining trees at Nilambur were

marked 6, 7 and 8. For mahogany, the trees at Kaptai were

numbered 1, 2 and 3 and those at Nilambur 4, 5 and 6. All these

trees were raised from plantation. Both the teak trees at Dehra

Dun were fairly mature. Their diameters at breast height were

18 and 24 inches. The trees at Kaptai had diameter over 20 inches
aX

and those^Nilambur had diameter between 16 to 20 inches at breast
height.

The method of study was exactly the same that was followed

in two previous papers. Small blocks}containing wood, cambium
and inner bark (phloem) were taken out fortnightly or monthly/ '

These blocks were embedded and cut according to the usual technique.

Both temporary and permanent mounts were examined under microscope

and necessary data were collected. As pointed out before (3, 4),

the structure of the cambial zone was taken as the best criterion

for- determining both growth activity and dormancy. Phloroglucin

and iodine-potassium-iodide tests were made with a view to

finding out the rate of lignification and the state of' deposition
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of starch at different stages of seasonal growth. Average

figures for diameter growth at different localities were obtained,

and from these, the progress of diameter growth was estimated

for each month throughout the active season. Care was also

taken to find out the type of cells which formed the last tissue

of the season. From each locality data were collected for one

full year. At Dehra Dun the investigation was carried out from

January to December 1937; at Kaptai from April 1937 to June 1938

at Nilambur i'rom June 1937 to May 1938.

3. Results.

(a) TEAK (Tectona grandis. Linn, f.) .

Indian teak is usually classified as a ring-porous timber but

strictly speaking, it is not always ring-porous. Many samples

show semi-r'ing-porous structure and a small percentage can be

grouped under diffuse-porous woods. The so-called "pore-zone"

varies from being very prominent to very faint. The transition

from early to late wood also shows a great difference; it may

be abrupt to very gradual. Occasionally the fibre walls of the

early and the late wood may show a slight difference in their

thickness.

Dehra Dun (United Province s).

< Tree LTo. 1 and 2) .

Collection of data was started in January 1937. At that time,

the trees were in full crown and the diameter growth was dormant.

During February, no external or internal change was noticed. By

the middle of March both trees started shedding leaves. The

process of leaf-shedding continued for 4 to 5 weeks, depending on

the individual stand. From the last week of April to the end of

May, no vegetative growth was noticed. In the first week of June,

buds, however, began to show some swelling. Gradually, the leaves j

began to develop and the cambial zone became disorganised. In

the last week of June, the diameter growth was detected for the ;

first time in the year. To start with, the growth was very fast.
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The initial parenchyma cells and the large vessels were completely
formed within ten days (PI. T, Fig. 1). At this time the crowns

attained only half their normal size, and a large percentage of

the leaves had a brownish tinge. The zone ox the early vessels

formed was not prominent (Pi. T, Fig. 3), and the transition from

early to late wood was gradual. During July and August, diameter'
growth continued at a moderate speed. By the middle of August,

crowns' attained more or less full size and all leaves turned green.

Tn September, the cambial activity was fast and remained so till

the middle of October. Then onwards the diameter growth was

sluggish, and it ultimately stopped in the first week of November

(PI. I, Fig. 2). Till the end of the year no external or internal

change was noticed.

Tlaptai (Chittagong') .

(Tree No. '3, 4 and 5).

In the first v/eek of April, the trees were entirely leafless

and the cambial activity was dormant. New leaves were noticed

coming out in the first week of May. Within a week or so from

then, disorganisation of the cells in the cambial zone was recorded.

The diameter growth wras detected between, the second and the fourth

week of May when the crowns were not fully developed. Tree No. 4

and 5 started growth slightly earlier than tree No. 3. At this

early stage, growth was in small patches _ not all over the cambium.

Where large vessels were formed, a few rows of parenchyma cells

were noticed; the remaining portion of the cambial zone still

remained dormant (PI. I, Fig. 4). Later on the cambial growth

was recorded all round the tree. The progress of growth, however,

was slow during June and July. ' The early wood, which was

completely formed by this time, was not well marked. Transition

from early to late wood was also noticed to be gradual (PI.I, Fig.6).

By the end of July, the crowns attained full size and during

August and September, the cambial cells seemed fairly active.

Throughout October grovrth was sluggish and it stopped for the season
(pi. r, Fu3

in the third Week of NovemberA--^inJanuary 1938, no outward

change vra.s observed. Between the second and the third week of
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February leaves started dropping and all of them were down within

four weeks. The trees remained leafless throughout April, and

then new leaves were noticed coming out during the first week

of May. This was quickly followed by diameter growth in the main

trunk. At first the cambial growth was in patches but by the

first week of June it spread all over the cambium.

Hilambur (West Coast) .

(Tree No. 6, 7 and 8).

In the first week of June 1937ytree crowns were found
covered with new leaves. Microscopic examination showed that

\

the diameter growth had already started. The large vessels of

early wood were surrounded by parenchyma cells and the 'pore-zone'

was not clearly marked (PI. I, Fig. 9). The progress of growth

remained sluggish throughout July, August and September. In the

first week of October growth stopped in all trees (PI. I, Fig. 8).

Then on up to December there was no external or internal change.

Tree No. 8 started dropping leaves in the last week of December,

while tree No. 6 and 7, in the first week of January. All trees

were leafless by the first week of February. Buds began to

open by the beginning of March and gradually crowns began to

develop. Diameter growth was not, however, noticed before

April (PI. I, Fig. 7). Tree No. 7 and 8 were first to show

this phenomenon and we^e closely followed by tree No. 6. To start

with, the cambial growth was in small patches but within two

weeks, growth activity was recorded all round the tree.

Throughout May,the diameter growth was progressing slowly.

(b) MAHOGANY ( Swietenia macronhylla. King) .

Mahogany is a native of tropical America. It was introduced

in India some time in the later part of the last century.

Anatomically, the timber grown in India does not show much

difference from that from tropical America (PI. II, Fig. 1). It

is a diffuse-porous wood, which does not show any distinct zone

of early and late wood. Growth rings are present and they seem
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to be demarcated by concentric parenchyma bands. Vessels are

more or less evenly distributed. Paratracheal parenchyma cells

are present but rather scanty. Fibres are uniformly thick-walled

throughout the growth ring.

Kaotai (Chittagong) ,

(Tree "Mo. 1, 2 and 3).

In July 1937, the trees were in full crowns and the diameter

growth was progressing slowly. Examination of blocks showed

a thick band of parenchyma cells at a little distan.ce from the

cambial zone. It is difficult to say at this stage whether these

bands are terminal or initial. However, the progress of growth

remained slow throughout August, September, October and November.

By xhe middle of December, tree No. 1 stopped growing but not

tree No. 2 and 3. Cambial dormancy was detected in tree No. 2

in the second week of January and in tree No. 3, in the first week

of February. About this time, all three trees started shedding

leaves. The leafless condition lasted for over a month. The

blocks taken out during the rest period showed that fibres normally
(pi.

terminated the seasonal groVuh^-—Sometime in the last week of

March, new foliage began to come out. This was immediately

followed by the cambial activity in the main bole. Tree No. 1

was first to show the diameter growth, and this happened in the

middle of April. By the second week of May, all the trees were

growing at a slow rate and the crowns had attained their normal

size (PI. IT, Fig. 5). Blocks taken out in this month showed,

without doubt the exact position of the concentric parenchyma cells

in the growth ring. They were found to be initial (2) in all

the trees at Kaptai. During June growth was progressing at

a moderate speed (PI. II, Fig. 6).
*

Nilambur (Vest Coastl .

(Tree No. 4, 5 and 6).

In June 1S37, the trees at Nilambur were in full crown and

the progress of diameter growth was at a slow rate. During July

and August growth was slightly faster than in June. But the
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cambial activity became sluggish throughout September, October and

November. During December 1937 and January 1938, growth became

extremely slow; only a few vessels and. fibres were noticed inside
the cambial zone and the rest of the current year's wood was

fully mature. Tree No. 4 .and 5 started shedding leaves in the

last week of January and became naked by the third week of February.

Tree No. 6 began to drop leaves some time in the middle of February

and became leafless within a fortnight. • In late February, the

cambial dormancy was observed, in all trees. During the first

half of March, trees were leafless and no growth activity was

noticed (PI. IT, Fig. 2). Examination of tissues near cambial

zone revealed that seasonal growth terminated by fibres. Rarely

one may come across a band, of parenchyma cells next to the cambial

zone but such a band is usually discontinuous. However, the

new leaves began to come out in the second week of March, and. the

renewal of diameter growth was detected in middle of April. By

the second week of May crowns attained their normal size and the

growth activity continued at a slow rate (PI. II, Fig. 3). The

first tissue in the current year's growth ring was a band of

parenchyma cells, which ran completely round the tree.

Study of mahogany from Kaptai andNilambur has shown that this

tree regularly forms growth rings. At the beginning of overy

growth season an initial parenchyma band is produced, delimiting

the seasonal growth. This band completely encircles the tree and

shows up distinctly on logs or stumps. One must not, however,

confuse this initial band with the short, discontinuous parenchyma

bands that are sporadically distributed throughout the wood. It

has been found in course of this investigation, that these

discontinuous bands have no relation either with the beginning or

with the cessation of diameter growth. At present, the reason for

their occurrence is not at all clear, for attempts to correlate

them with the climatic variation, have not been successful.

Finally, it may be said here that the growth ring» in mahogany

Co wf, annual occurrence». The best method for determining the age
■i

of a mahogany tree is to count the initial bands on a log or a

stump. An incomplete disc or a boring taken out from a living
c

tree will not allow a correct determination, because of the sporadi

——
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occurrence of discontinuous parenchyma bands.

4. Discussion.

(a) Leaf-shedding and its relation to rainfall.

Based on his work in Ceylon, Wright (13) concluded that "low

humidity and scanty rainfall are clearly associated with leaf-fall.

But the author in his two earlier papers (3, 4) was not able to

find any direct relation between leaf-fall and the dry state of

soil and atmosphere. The provisional conclusion drawn in those

papers was that "although some relation between dry period of the

year and leaf-fall seems to exist, yet all the trees did not remain

leafless during the driest months." In the present investigation,

the localities selected show pronounced variations in their

monthly rainfall. In view of this, the data collected offer

a suitable opportunity to determine the extent to which leaf-

shedding in deciduous species is directly dependent on the

local dry condition. In this connection, there are two points

to be considered. Firstly, does the leaf-fall start in the first

dry month of the year? Secondly, do the trees remain leafless

during the dry months?

Now, Troup (11) has recorded variation in the leaf-shedding

of teak at different localities. He says that "in dry situation

and season", teak drops leaves from November to January and in

moist localities, in March and even later. Generally speaking,

his remarks may be correct but the data collected in the present

instance do not show an entire agreement with his observations.

At Nilambur, teak started, dropping leaves in the first week

of January 1938 and became entirely leafless in the first week

of February. Throughout February the trees were without leaves.

At Kaptai leaf-shedding started in the second week of February 1938

and the trees became naked in the second week of March. Here

the leafless condition lasted for six weeks. At Dehra Dun, leaves

began to fall in the second week of March 1937 and the trees

were leafless by the third week of April. Leafless state in this

locality lasted for about five weeks. Now, a glance at table III
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will show that the time of leaf-shedding in any of these localities

does not coincide with the first dry month of the season.

Furthermore, the relation between leafless state and dry weather

is not direct either. During the time the trees were leafless,

the rainfall at different localities was not by any means the

lowest of the year. There are, however, some indications that

the leafless state in teak is an after effect of continuous dry

weather (Table ITI)

Table III. Monthly rainfall during investigation.

Locality Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

Dehra Dun 0.3 8.1 0.3 2.3 0.3 15.5 53.8 42.0 14.4 1.1 0.0 1.1

Locality June July Aug. Sept. Oct. Nov. Dec. | Jan.
j

Feb. Mar Apr May

Kaptai
(Chittagong) 21.5 22.6 30.9 9.1 2.2 O *5 :Hi • ^ . 5.2 0.0 0.3 0.0 4.4 19.3

Nilambur
(West Coast) 19.1 30.9 9.5 2.6 16.3 4*c i 0.0 0.0 0.0 1.2 2.1 6.4

Here it may be pointed out that mahogany ( Swietenia msicrophylla

is an evergreen tree at its original home in tropical America.

But in India it has become a deciduous tree and remains leafless

for only a very short time of the year. Its leaf-shedding started

at Nilambur in the last week of January 1938 and took about a

month to complete the process. At Kaptai, leaves began to fall

in the second week of January 1938 and the trees became bare by

the second week of February. The time of leaf-fall at Kaptai

was, therefore, in the first dry month of the year but not at
Nilambur (Table III). Again, the trees at Nilambur remained

leafless for two weeks in March and at Kaptai for four to six

weeks during February and March. These periods, it will be seen,

do not happen to be the driest in that particular year, for,
there was^ light rainfall in March at Nilambur, and in February
at Kaptai.

In summing up it may be said what leaf-fall may or may not
start in the first dry month of "the year and that trees may not
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always remain leafless during the dry months. However, one point
is evident. That is, the aeciduous trees shed their leaves

during the dry period of the year. The exact time of leaf-fall

is, perhaps, determined not so much by the local rainfall as by the
state of the internal water balance of tree. When the internal

water balance has reached such a point that further transpiration

will mean physiological crisis, the leaves begin to tall. This

may explain the absence of direct correlation between local

rainfall and leaf-shedding.

(b) Foliar development and cambial activity.

The relation between foliar development ana cambial activity

of deciduous species has been aiscussed, at some length, in a

previous paper (3). For the Indian species it has been more

or less established that the diameter growth starts on the young

twigs and then spreads gradually to the main bole. This is in.

general agreement with the findings of Priestley and nis

co-workers (10) at Leeds, but "the interval between the development

of new foliage and commencement of cambial growth (on the main bole)

are longer in Indian species than in European species" (3). The

last statement requires further verification before it can. generally

be accept«:G for all trees in India. The data collected in the

present instance is, therefore, analysed here to clarify this

point.

In trie ring-porous wood of teak (Tectona grandis) the

intervals between foliar development and cambial acuivity in the

trunk were for two weeks at Kaptai, three weeks at Dehra Dun ana

four weeks at Nilambur (Table IV). In the case of mahogany.

(Swie tenia macronhvlla) , the interval at Nilambur was slightly

longer than that at Kaptai. The trees at Nilamour showed four

weeks' interval while those at Kaptai only two weeks' (Table V).

In view of these facts, it would appear that the ring-porous and

the diffuse-porous species in Inaia do not snow any appreciable

difference in. the interval between foliar development ana diameter

growth in the main bole. By the time trie diameter increment

starts in the trunk, the leaves are usually all out on both types
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Qb)
of trees. This is, however, not in agreement with Priestley K
and his co-workers' observation in Bnglana. They have recorded

an outstanding difference between these two groups. In the ring-

porous species they have noticed diameter growth "at the base of
the trunk before the buds were well open", while in the diffuse-\

porous stjecies, the crowns were fairly well developed at that time
of diameter increment.

Table IV. Foliar development and diameter growth

in teak (Tectona grandis) .

Locality Foliar development Commencement of growth.

Dehra Dun. 1st. week of June 4th. week of June.

Kaptai
(Chittagongl 1st. week of May 2nd. week of May.
H" ilambur
(West Coast) 1st. week of March 1st. week of April.

Table V. Foliar development ana diameter growth in

mahogany ( Swie tenia macrouhvlla) .

Locality Fo1iar development Commencement of growth.

Kaptai 4th. week of March 2nd. week of April.
Filambur. 2nd. week of March 2nd. week of April.

In this connection, another point to be considered here is the

state of the crown when the cambial awakening was detected on the

main trunk. In the majority of cases, the tree crowns at that

time were not fully developed. They were usually half their

normal size and all the leaves had not attained their full length.

It would, therefore, appear that the production of new leaves and

the diameter growth during the early period of activity were made

with the reserved food material carried over from the previous

year. Later in the season, crowns attained their normal size

and growth continued with the food manufactured during the current

year. Here it will be interesting to know whether the state of

the crowns has any effect on the progress of cambial activity.

Amongst the trees investigated at different localities, only the

teak trees at Dehra Dun show some indication of such an effect.

It will be remembered that these trees have two distinct periods
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of growth; in each period a fast growth is followed by a slow

growth. The sluggish growth at the end of the first period may

have some relation with the immature state of the crown. It is

quite possible that all the food material carried over from the

previous year was used up for the formation of early wood, and

the diameter growth had to be slowed down till the new leaves were

ready to supply fresh food material. In this connection, there alsc

seems to be a plausible explanation for the absence of such effect

of crown on the cambial activity in the trees at Kilambur and

Kaptai. The progress of diameter growth during the early period

of activity was slow in these two localities. As a result,

the food carried over from the previous year might not have been

exhausted till the crowns had attained their maturity, and there

was, therefore, no necessity to slow down the cambial activity

at that particular time of the growth season.

(c) Progress of diameter growth and its relation to

climatic conditions.

Many trees, growing in different parts of India, show a.

considerable variation in the time of leaf-shedding and leaf-

renewal. The reason for this has been assigned to local

climatic conditions. In view of this, and also of the established

fact that diameter growth usually follows the production of new

foliage, it would be interesting to know how far the effect of

local climate is reflected on the diameter growth of the trees

investigated. The data collected in the present instance offer

a suitable opportunity for further investigation of this point

because the climatic conditions at different localities are

clearly distinct.

First of all taking into consideration teak (Tectona grandis) ,

it will be noticed that its cambial activity lasued at ITilambur

and Kaptai for about six months but at Dehra Dun, where it is

outside its normal distribution, for only four and a half months.

T,Vhat climatic factors have been at work to reduce the period of

activity at Dehra Dun, will be interesting to find out. At

Nilambur, the diameter growth started in April 1938, when the
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temperature was 84°F. At Kaptai, growth began a month later and

the temperature at that time was 80°F. The trees at Dehra Dun

showed diameter growth in June 1937, when the temperature was 83°F.

Thus, it will be seen that temperatures at various localities do

not show any pronounced oifference at the time of the commencement

of growth. But the temperatures at the time of cessation of

growth, do not show such a similarity. For example, .growth

stopped at Nilambur in October 1937 at 81°F, at Kaptai in

November at 74°F and at Dehra Dun also in November at 62°F. It

is, therefore, doubtful whether the temperature has been mainly

responsible for bringing about the rest period in teak.

Table VI. Monthly mean temperature during investigation.

Locality Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

Dehra Dun 53
e

60 65 73 83. 83 80 79 77 76 62 55

Locality June July Aug. Sept, Oct, Nov. Dec. Jan Feb. Mar, Apr. May

K.aptai
j(Chittagong) 82 82 80 83 82 74 69 70 69 1 77 83 80

Nilambur
(West Coast) 80 77 81 81 81 82 80 80 83 84 84 84

As regards rainfall, it will be seen from table III that the

diameter increment started at Dehra Dun in June 1937, when

rainfall was 15.5 inches. At Kaptai, the diameter growth started

in May 1938 and in that month 19.3 inches of rain were recorded

there. In April 1938, trees at Nilambur showed diameter growth

and rainfall at that time was 2.1 inches. In view of these

differences, it is not clear as to what local precipitation is

necessary to start the cambial activity. Moreover, it has been

found in previous investigations (3, 4) that cambial activity

sometimes begins without any local rainfall. In view of all

these facts, cambial awakening does not appear to be directly

dependent on the local rainfall. Again, the local rainfall at

the time of cessation of growth shows a great difference. At

Nilambur it was quite high, e.g. 16.3 inches. At Kaptai the

rainfall was 2.3 inches, while at Dehra Dun it was zero. Thus,
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the effect of local precipitation on the cessation of growth in

teak is not apparent.

Now in mahogany (Swietenia macronhvllal , the diameter growth

started both at ITilambur and at Kpptai in the month of April. At

that time the prevalent temperatures were 84°F and 83°F

respectively. But at the time of cessation of growth the

temperatures do not show such a similarity and there is a
N

difference of more than 10°F between these two places. Thus

mahogany and teak show somewhat similar indication in nheir

reaction to prevalent temperature.

When the diameter growth was noticed in mahogany at IT ilambur,
the local precipitation was 2.1 inches, while at Kaptai it was

4.4 inches. Growth stopped at both these places, when the

rainfall was almost nil. Moreover, it is not clear why mahogany

at !Tilambur did not cease to grow in December, from when a

continuous dry period for three months began. In any case, the

prevalent rainfall may influence dormancy in mahogany but it

does not appear to be the deciding factor.

To sum up, the local temperatures seem to play an important

part in bringing about the cambial awakening in the species

studied. Both teak and mahogany started diameter growth when

the monthly temperature was the highest of the year or near about

it. This partly may explain the reason for late growth in

the teak trees at Dehra Dun. For, the temperatures at Nilambur

•and Kaptai were over 80°F during March and April, while at Dehra

Dun, it did not go above 80°F till May. Furthermore, a high

temperature might be necessary for opening the dormant buds and

setting in the activity of the growth-promoting substances. But

a continuous high temperature does not seem to be essential for

keeping up the activity of the cambial cells. For instance, at

Kaptai and Nilambur, monthly temperatures are more or less uniform

during the period of growth activity, while at Dehra Dun, the

temperature shows gradual decrease immediately after the

commencement of diameter growth. Finally, the cessation of

diameter growth in these trees dadnot show any direct relation

with the local temperatures.
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Although the exact relation between the diameter growth of

teak and mahogany and the monthly local rainfall is not very clear,

yet the following general remarks can be safely made. As a rule,

the diameter growth is dormant during the dry periods of the

year. Growth commences either in the last month of the dry

season or immediately after the beginning of the wet season,

depending on the species and on the locality. The cambial activity

is usually maintained throughout the wet season. When growth

stops, both temperature and rainfall may be favourable for it; and

yet the cambial activity may not be prolonged. For instance, in

October 1937, the teak trees at Nilarnbur stopped growing inspite

of S1°F tempenature and 16.3 inches rainfall. In view of this,

one is inclined to think that forest trees also have three distinct

stages of rest, similar to agricultural plants. According to

Johannsen (9) the three sitage s of rest are: a preliminary rest,

a stage of deep rest and a condition of forced rest. In the

case of teak trees at Nilambur, it is quite possible that a

condition of deep rest has been responsible for the cessation

of growth.

Lastly, it may not be out of place to say here a few words

on the relation between the progress of diameter growth and the

climatic conditions. It has already been reported that amongst

the species investigated at different localities, none has shown

pronounced variation at the rate of diameter growth except the

teak trees at Dehra Dud., Here two distinct periods were noticed

and each period began with a fast growth and ended in a slow growth

These variations, it will be seen, are entirely independent of the

prevalent temperature and rainfall (Table III, VI). Moreover,

taking into consideration all three localities, the rainfall will

be found to be confined to" the months of June, July and August.

But there is no corresponding increase at the rate of diameter

growth during these months. Furthermore, when the complete

growth rings formed at different localities are compared, no

pronounced differencecin jnoticed in them.
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(d) Anatomical variation in the growth rings formed

at different localities.

Generally speaking, the ring-porous woods are only, a few in

number in comparison with the diffuse-porous woods. Many theories

have been put forward for the formation of ring-porous woods.

According to Haberlandt^conduction is of primary importance
during the early part of the growth season. Water for

transpiration and chemicals for the manufacture of food materials

are required to be sent to the spreading crown. Formation of a

pore-zone at this period is, therefore, a physiological necessity.

Later in the season, mechanical strength has to be given

preponderance to conduction. And as a result, the late wood is

usually dense. The belief, that the rigour of growth conditions

prevalent in temperate reg;ions are responsible for the formation

of ring;-porous woods, has been well supported by Forsaith (6).

He has actually found some normally diffuse-porous woods exhibiting

ring-porous characters when grown in Alpine regions. Furthermore,
CzL

in a recent work, Huber^nas put forward a new interpretation.
He has found, a. lower percentage of sapwood in the ring-porous

woods than in the diffuse-porous woods. From this, he assumes

that a very high rate of conduction is necessary in the ring-porous

species. Production of a zone of wide spring wood vessels is,

therefore, concomitant with the physiological necessity. yikai^^Y
v. may be the actual reason for the production of ring-porous

woods, the fact remains that majority of this type of wood are

found in temperate region.

How, teak is one of the few ring-porous woods that grow»

in tropical India. Throughout its normal distribution, the

climatic conditions cannot be said to be very rigorous. Its

presence in tropical India is, therefore, rather an exception.

How the pertinent question arises: does teak differ in any

appreciable degree from the ring-porous species grown in. temperate

regions, and if so, in what respect? It has been mentioned

before that formation of pore-zone in teak is very variable.

Sometimes the early vessels form a well packed, concentric zone,

which consists of two to three wide vessels in radial rows. This
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type may be considered as one extreme. At another extreme, there

may not be Qxiy pore-zone at all. The early wood is made of a

few, large wide vessels scattered about, touching the initial

parenchyma band. Tnis type may be grouped under diffuse-porous

woods without any hesitation. Jn between these two extremes,

one finds all possible variations; sometimes the transition from

early to late wood is abrupt, at other times it is gradual.

Examination of hundreds of teak wood specimens in the Dehra Dun

collection has shown, that prominence of pore-zone in teak is not

confined to any particular locality. Throughout India and Burma

the two extreme types described above are met with, along with

the intermediate types. Jt is quite possible that its presence

in the tropical region, does not allow it to form a typical

ring-porous timber.

In the case of mahogany, it has been found that the timber

grown in India does not show much difference from that grown in

its native habitat. It is a diffuse-porous wood, in which the

growth rings are normally demarcated, by initial parenchyma bands.

According to Coster (5), some specimens may show tangential

grouping of vessels in. the middle of the growth ring and give the

impression of faint growth marks. In course of this investigation,

it ha.s been found that these faint marks are not produced annually

and have no relation with the formation of true growth rings .

5. Summary.

(a) The effect of local climate on the diameter growth of

teak (Tectona grandis) and mahogany (Swietenia macroohvlla) has

been studied. Investigations have been carried out on teak trees

at Nilambur (West Coast), Kaptai (Chittagong) and. Dehra Dun (United

Provinces) , and on mahogany trees at Kaptai and Filambur.

(b) These deciduous trees usually shed their leaves during

the dry period of the year. But the leaf-fall may or may not

stent during the first dry month of the season; nor is there any

certainty that all trees will remain leafless throughout the dry

period. It is suggested that leaf-fall may be regulated, by
the internal water balance of the tree,
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(c) The intervals between the foliar development on the

twigs and the diameter growth in the main trunk do not show any-

outstanding difference between ring-porous and diffuse-porous

specie s.

(a) The progress of cambial activity may or may not be

affected by the state of the spreading crown. Here locality
seems to play an important part.

(e) There are some indications that local temperature plays

an. important role in the renewal of cambial activity. Diameter

growth usually starts when the temperature is the highest of the

year or near about it. Growth once started, may continue even

when the prevalent temperature gradually dereases. . Local

temperature does not show any direct relation with the cessation

of growth.

(f) The diameter growth usually begins either in the last

month of the dry season or immediately after the beginning of the

wet season. The cambial activity is maintained throughout the

wet months. The cessation of growth seems to be independent of

the local rainfall.

(g) No immeo.iate effect of local rainfall and temperature

has been possible to trace on the progress of diameter growth.

(h) Anatomical variations in the growth rings formed at

different localities are discussed. Tt is pointed out that the

ring-porous wood of teak (Tectona gran.dis) shows some structural

variation in the pore-zone "because or its distribution in tropical

region. Mahogany (Swietenia macroolivlla) grown in. India does not
show any difference from that grown in tropical America. It is
recorded here that the growth rings in mahogany are demarcateo

by initial parenchyma bandsthe method of distinguishing the

false from the true growth rings, is also explained.
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EXPLANATION OF PLATES.

( All are cross sections)

PLATE. I. TEAK (Tectona grandis ).
CCHHA PUT. y

rig. 1. Tree 2j 14th. July 1937, showing three weeks' diameter

growth. x 50.

Fig. 2. Tree 1, "&th. November 1937, showing cessation of diameter

growth. x 50.

Fig. 3. Tree 1, 4th. December 1937, .showing 1937 growth ring.

Note pore-zone and transition of early to late wood. x 10.

KAPTAI (Chittasrong) .

Fig. 4. Tree 5, 17th. May 1937, showing newly formed wood of the

year. Note structure of early wood. x 35.

Fig. 5. Tree 5, 18th. November 1937, showing cessation of diameter

growth. x 50.

Fig. 6. Tree 5, 16th. December 1937, showing 1937 growth ring

and structure of pore-zone. x 10.

NILAMBIIR (West Coast).

Fig. 7. Tree 8, 9th. April 1938, showing seasonal growth to date.

Note structure of early wood. x 35.

Fig. 8. Tree 6, 7th. October 1937, showing cessation of diameter

growth. x 50.

Fig. 9. Tree 7, 7th. December 1937, showing gross structure of

19 37 gro th r ing. x . 10.

PLATE II. MAHOGANY ( Swietenia macroohvlla) .

NILAMBUR (West Coast) .

Fig. 1. Gross structure of mahogany wood grown at Nilambur. Note
the growth rings. x 8.

Fig. 2. Tree 6, 7th. April 1938, showing cessation of diameter

growth. Note structure of wood next to cambium. x 50.

Fig. 3. Tree 6, 9th. May 1938, showing active cambium and newly
formed wood. x 50.



EAPTAI (Ghittagong') .

Fig. 4, Tree 2, 9th. March 1938, showing dormant cambium. Mote

structure of wood cells next to cambium. x 50.

Fig. 5. Tree 2, 17th. May 1938, showing active cambium with

newly formed wood. Mote the bard of initial parenchyma

cells (p). x 50.

Fig. 6. Tree 1, 10th. June 1938, showing progress of diameter

growth to date. x 50.

S.M.H.



TEAK,
Tectona grand»», Linn, f.



Plate II.
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MAHOGANY,
Swietenia maerophylla, King.


