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SUMMARY

Growth periodicity was followed for two consecutive annual cycles to

reveal the pattern of wood fonnation in plantation-grown teak at three

different localities in India. Rainfall and age were the two important

factors that influenced cambial activity. Cambial reactivation occurred

during March-April in both years. The pre-monsoon showers broke

the cambial donnancy at all three localities. Almost a month's interval

was observed between bud break and initiation of radial growth . Irre

spective of age and locality, a peak period of cambial activity occurred

during June-July. Dormancy began during October-December, depend

ing on the age of the trees and locality. Juvenile trees and those grown

in relatively high rainfall areas had a prolonged cambial activity and

retained foliage throughout the year. They produced wider rings with

higher proportions of latewood. Irrigation of 5-year-old trees led to the

loss of typical ring porosity of teak wood; their first three growth rings

were more or less diffuse-porous. This is attributed to uninterrupted cam

bial activity resulting in production of rather unifonn-sized vessels.

Key words: Vascular cambium, cambial reactivation, donnancy, rain

fall, juvenile wood, ring porosity, Tectona grandis , teak.

INTRODUCTION

Knowledge of cambial activity and growth ring fonnation in trees is essential for

detennining the age and growth rate oftrees in managed forest stands . Relatively lit

tle is known about the patterns of growth periodicity and wood fonnation in tropical

trees . According to Tomlinson and Longman (1981), radial growth in tropical trees

may be annual, semiannual, irregular or continuous. According to Avila et al. (1975),

cambial activity is genetically controlled, and, in most plants, its rhythm is determin

ed by evolution under certain environmentallimitations. Local environment can mark

edly influence the initiation and cessation of cambial activity.As early as 1930, Priestley

observed that the rhythmic activity oftrees was modifiable by external circumstances.

Cambial activity in many Indian tree species increases after rains begin (Anand 1979).

Eames and MacDaniels (1947) stated cambial age, as weIl as tree age, affects the

duration of cambial activity. Liphschitz and Lev-Yadun (1986) found rate and dura

tion of cambial activity varied between irrigated and non-irrigated plants.
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The earliest work in teak - a tropical ring-porous hardwood - dates back to 1856,

when Brandis concluded that growth rings form annually (Brandis 1879) . According

to Troup (1921), in teak new leaves appear from April till June. Chowdhury (1940)

found differences in the time of initiation and cessation of cambial activity in teak

trees grown at three different locations in India . More information is needed on the

effects of age, as well as the locality on the growth periodicity and wood formation in

teak. Such knowledge is essential for timber management, particularly in view ofthe

increasing number of plantation programs in the tropics . The present study investi

gates the influence of rainfall, irrigation and age on cambial periodicity and wood

formation in teak (Tectona grandis L. f.) grown at three different locations in India.

MATERIALS AND METHODS

Three plantation localities were used (Table 1). Locality I (Nilambur) is considered to

be the best site for growing teak as it has well-drained alluvial soil . To investigate age

effects on growth periodicity, five trees each from plantations of four ages (viz. 7-,

13-, 20-, and 40-years-old) were sampled at Locality 1. To investigate locality differ

ences, five trees each of age groups 7- and 13-years-old were sampled from Localities

II and III.

Periodical monthly observations of cambial activity were made during two con

secutive years (1994 and 1995). Cubes (2 x 2 x 2 cm) comprising cambial tissues

along with outer bark and inner sapwood were chiseled out at breast height from the

selected trees. The sampies were taken in four rows 2.5 cm apart in the northern

cardinal direction during the first year and in the southern cardinal direction in the

second year.

Table 1. Environmental eonditions and ages of trees sampled for the study from the three

different loealities.

Faetor Loeality I Loeality II Loeality III

(Nilambur) (Walayar) (Peeehi)

Elevation (m) 100 215 175

N latitude 10° 16' 10° 51' 10° 32'

E longitude 76° 15' 76° 50' 76° 20'

Soil weil drained dark deep blaekish

alluvium sandy loam sandy loam

Mean annual rainfall (mm) 2600 1200 2400

Mean temperaturerange (Oe) 17-37 21-41 21-32

Age group (years) 7,13,20,40 13 7

Mean tree height (m) 11-31 11.5 9

Mean dbh (ern) 12-47.8 18 11
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Table 2. Cambial activity of the trees sampled in relation to phenology during 1994-1995

(three localities combined).

Months

Jan

Feh

Mar

Apr

May

June

July

Aug

Sep

Oct

Nov

Dec

Cambiallayers

in transection

(average value)

8-10

6-10

10-13

12-14

12-15

15-20

15-20

14-17

14-15

11-13

10-11

9-10

Phenology

Leaffall

Leafless (mature trees)

Leaf emergence (in Localities I & III during 1994)

Leaf emergence (in Locality II during 1994 and
all three localities in 1995)

Full foliage

Full foliage + flowering (except 13-years-oldtrees

in 1995 and 7-years-old trees)

Full foliage + flowering + fruit set

Full foliage

Full foliage

Full foliage

Beginningof leaf fall

Leaf fall

The samples were fixed in FAA in the field. After three days, the samples were

transferred to 70% EtOH for preservation. Twenty J.Ul1 thick trans verse sections were

cut with a Reichert sliding microtome. Sections were double-stained used Achrydin

Chrysoidin and Astra Blue. After dehydration in an alcohol series, they were mounted

in DPX.

Cambial activity was determined by counting the number of celllayers in the cam

bial zone (comprising cambium and undifferentiated cells lying between xylem and

phloem); the greater the number of celllayers, the greater the cambial activity. The

terms 'cambium' and 'cambial zone' are used in this study to designate the entire

meristematic zone including portions of the phloem and xylem where the cells were

enlarging, but were still able to divide, as described by Wilson et al. (1966). A video

image analyser (Leica Quantimet 500+) was used to quantify ring width and earlywood

and latewood proportions of growth rings of the years 1994 and 1995; values for the

two years were compared by at-test. Earlywood was distinguished from latewood

by its wider vessels and parenchyma and thinner-walled fibres.

Phenological observations, such as leaf emergence, full foliage, flowering, fruit

ing and defoliation were made along with the monthly collections (Table 2). For each

locality data on monthly rainfall were recorded.

To investigate the effect of irrigation on wood formation, cross-sectional discs

were collected at breast height from nine 5-year-old plantation-grown trees at
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Table 3. Environmental conditions of Ramamangalam and Nilambur.

Factor Ramamangalam Nilambur

N latitude 9° 56' 11° 16'

E longitude 76° 30' 76° 15'

SoH Sandy loam Weil drained alluvium

Mean annual rainfall (mm) 2000 2600

Mean temperature range (oe) 16-34 17-37

Ramamangalam (Kerala), India (Table 3), where the plantations were continuously

irrigated. These trees were compared with nine plantation-grown trees of the same

age from Nilambur (Locality I) that were not irrigated (control) . Transverse sections

(20 J.Ull thick) were cut for ring-wise microscopic examination.

RESULTS AND DlSCUSSION

Cambial structure and seasonal periodicity

The dormant cambium of teak consists of 6-10 layers of radially flattened cells

with relatively thick radial walls (Fig. 1). At the onset of cell divisions , the cambial

cells swell , the radial walls become thin and the bark separates easily from the wood.

The tendency for bark slippage is maximum during the period of expansion of the

zone of periclinal divisions, as Bannan (1955) observed in Thuja occidentalis. The

actualline of separation in the teak lies in the weak zone of newly formed xylem ele

ments where the secondary wall formation has not begun .

The cambium remain s quiescent for aperiod of 2-5 months annually, and the du

ration of the dormancy depends upon the age of the tree, as weIl as the local environ-

Fig. I & 2. Transver se sections of cambial zone ofteak. - 1: Dormant cambium of 7-years-old

tree. - 2: Cambium during peak period of activity. - Scale bar for 1 & 2 = 32 um.
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ment. We observed that the cambium resumed activity during March-April, as evi

denced by the swelling of cambial cells with thinning of the radial walls and by for

mation of new xylem and phloem cells. Irrespective of age and locality, a peak period

of cambial activity was seen during June-July, when the cambial zone had 15-20

layers of cells (Fig . 2). The zone of periclinal division narrowed from September on

wards and dormancy was attained in October-December, depending upon the age of

the tree and local environmental conditions. By the time the cambium had attained

dorrnancy, the cambial zone was reduced to 6-10 layers. Our observations on cambial

reactivation during March-April in Nilambur (Locality I) agree with the findings of

Chowdhury (1940). According to hirn, in Dehradun and Kaptai (North India) radial

growth started a Iittle later (during June and May) than in Nilambur. Further, Rao

and Dave (1981) recorded that in teak grown in the Calcutta region (India), cambial

activity began in the first week of June, reaching a peak in July before declining

slowly.

Cambial activity vs phenology

Teak does not bear leaves throughout the year. We observed that, irrespective of

the locality, the annual leaf fall in teak began by the first week of November during

both years. Leaf fall continued until February . Juvenile (7- and 13-year-old) trees

retained some foliage throughout the year, but the mature trees lost their leaves com

pletely. The retention of foliage by the juvenile trees was accompanied by a pro

longed period of cambial activity as discussed by Wilcox (1962).

Bud break was observed in March in the trees of Localities land III during 1994,

and in April in Locality 11. During 1995, bud break occurred in April in all three

localities. Irrespective of tree age and influence of local environmental factors, al

most a month's interval was observed between bud break and initiation of radial growth

in all three localities. This agrees with the observations of Chowdhury (1940) , Rao

and Dave (1981), and Venugopal and Krishnamurthy (1987). By the end of May, the

trees were in full foliage. Peak cambial activity was in June-July. The 13-year-old

trees flowered in June and set fruits in July; the 7-year-old trees did not flower in

either 1994 or 1995. Cambial activity slowed during September and the attainment of

dormancy almost coincided with the loss of leaves from November onwards.

Factors influencing cambial activity

Rain/all - The effect of the local mean annual rainfall (Fig. 4a & b) on cambial

activity is clear from our observations in the 13-year-old juvenile trees of Locality 11,

where they had only abrief period of activity as compared to the same aged trees in

Locality I.

In Locality 11, cambial activity began in April and continued until the end of Octo

ber and then was quiescent for five months. Pre-monsoon showers broke cambial

dorrnancy in all three localities. For Localities land III, during 1994, cambial activity

began in March after the first rains; during 1995, cambial activity began in April, also

after the first rains. For Locality 11, during 1994 and 1995, cambial activity began in
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Apri l, after the first rains there (Fig. 3). Chowdh ury (1940) observed cambial reacti 

vation during May in Nilambur (South India), and during June in Dehradun (North

India) . The differe nce he observed in time of camb ial reactivation might be attributed

to the earlier onset of the monsoon in the South compared to the North , where nor

mally the monsoo n begins 3-4 weeks later.

Age (years) & Locality

147'---. --l

40

20

13

7
-I

13

_ 11

7

- 111

(a) Month s: Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Age (years) & Locality

147

40

20

13

7
- I

13

-11

7

_ 111

(b) Months: Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig. 3. Cambial periodicity during 1994 (a) and 1995 (b).
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Table 4. Comparison of average values of ring width, earlywood and latewood percent-

ages of five selected trees during 1994 and 1995.

Locality: II III
--

Treeage (in years): 7 13 20 40 13 7

Ring width (rnrn) 1994 5.83 5.38 1.78 1.91 3.47 1.97

1995 4.92 4.15 1.70 1.59 2.39 1.89

t-value 6.66** 3.37* 0.37ns 1.07ns -4 .01 * 0.50ns

Earlywood width 1994 0.44 0.44 0.45 0.37 0.45 0.39
(rnrn) 1995 0.48 0.46 0.39 0.49 0.47 0.37

t-value -1.47ns -O.43ns 0.95ns -1.56ns -0 .35ns 0.53ns

Earlywood (%) 1994 7.55 8.18 25.3 19.4 13.0 19.8
1995 9.76 11.1 22.9 30.8 19.7 19.6

Latewood width 1994 5.39 4.94 1.33 1.54 3.02 1.58
(rnrn) 1995 4.44 3.69 1.31 1.10 1.92 1.52

t-value 6.64** 3.28* 0.07ns 1.80ns 4.50* 0.33ns

Latewood (%) 1994 92.45 91.82 74.7 80.6 87.0 80.2
1995 90.24 88.9 77.1 69.2 80.3 80.4

ns =not significant at 0.05 level ; * =significant at 0.05 level; ** =significant at 0.01 level.

Average growth rate (ring width) for the trees from all three localities, irrespective

of age, was higher in 1994 than in 1995 (Table 4). There was more latewood in the

1994 growth rings , whereas the earlywood width did not vary significantly. The juve

nile trees in Localities land II had significantly higher growth rate s during 1994, but

for the mature trees and the juvenile trees of Locality II, the difference was not statis

tically significant. The significantly higher ring width values for Localities land II

during 1994 could partially be attributed to the greater amount of rainfall during that

year, especially during the active growing season (June-July) (Fig . 4). Jacoby (1989)

observed that the radial growth ofteak in India and Java was influenced by the amount

of rainfall during the dry season. Pumijumnong et al. (1995) observed that the growth

ofteak in Northem Thailand correlated with the rainfall during the first half ofthe wet

season (April-July) .

Irrigation - Wood produced by nine 5-year-old trees (in Ramamangalam), which

were irrigated throughout their growing period, tended to be diffuse-porous in the

first three years of growth (Fig. 5). There was little distinction between earlywood

and latewood making demarcation between successive growth rings difficu1t. From

the fourth year onwards, ring porosity developed gradually. On the other hand, the
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Fig , 4 , Monthly rai nfall in rnrn for Loealities I, II , III during 1994 (a) and 1995 (b).

contro l trees were ring-porous from the first year of growth . The probable explana

tion is that continuous availability of water might cause more or less uninterrupted

cambial activity, with scarcely any dormant period, and production of vessels of more

or less uniform diameter through the year.
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Fig. 5 & 6. Transverse seetions of teak wood. - 5: Irrigation effect, altering ring-porous wood

to diffuse-porous in the third growth ring; arrow at boundary. - 6: One-year-old teak seedling

with less pronounced ring porosity; arrow at ring boundary. - Scale bar for 1 = 40 1Jß1, for

2 =90 1Jß1.

The effect of irrigation seems to deerease with inereasing age, as very young seed

lings are more responsive to even minute ehanges in the external environment (Priya

& Bhat 1998). Similar observations were made for Quercus ithaburensis and Olea

europaea by Liphsehitz (1995) who found that an unfavourable water supply resulted

in low rates of eambial aetivity and ring-porous wood, while ample water supply re

sulted in prolonged periods of eambial aetivity and diffuse-porous wood. Waisel et al.

(1970) found that eambial aetivity in the desert shrub Zygophyllum dumosum was

prolonged by irrigation. Liphsehitz et al. (1985) observed that in irrigated plants of

Pistacia lentiscus the eambium was eontinuously aetive throughout the spring . Based

on experiments eondueted in Populus euphratica, Lipsehitz and Waisel (1970) eon

cluded that an unfavourable water supply eaused either by a water shortage or by a

high eoneentration of salts in the soil solution resulted in short periods and low rates

of eambial aetivity, narrow rings, and ring-porous wood.

Tree age - We observed that the 7- and 13-year-old juvenile trees in Loeality I showed

a prolonged period of eambial aetivity at bh level, with only 2-3 months of dormaney

(Fig. 3). On the other hand, the 20- and 40-year-old trees had a eomparatively long

dormaney period. Tree age influenees the duration of cambial aetivity ; the greater the

age, the shorter the duration. This agrees with others' observations (e.g ., see Büsgen

& Münch 1929; Eames & MaeDaniels 1949; Zimmermann & Brown 1971). Further,

we observed in a 147-year-old tree in Locality I that the eambium was aetive only for

seven months (April-Oetober). In l-year-old seedlings eomplete dormaney was ab

sent, and the eambium was active to a lesser extent during January and February.

Thereby, distinet ring porosity was laeking in the next growth increment, probably

due to the absence of a complete cambial resting period (Fig. 6).
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Fig. 7 & 8. Transverse seetions of teak wood . - 7: Earlywood formation still in progress in a

40-years-old tree in the second month after cambial reactivation. - 8: Completion of earlywood

formation in a 7-years-old tree in the second month after cambial reactivation. - Scale bar for

7 & 8 = 90 um.

Cambial activity and wood structure

In trees aged 7, 13, and 20 years, earlywood formed during the two months after

cambial reactivation, while in the older trees (40 years), earlywood formation ex

tended until the end of the third month (Fig. 7, 8). During both 1994 and 1995, at Lo

cality I, juvenile trees (7- and 13-years-old) had wider rings with more latewood than

mature trees (Table 4). This difference in latewood amount can partially be attributed
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to the prolonged period of cambial activity observed in younger trees. A late onset

of dormancy influences wood quality as there is a higher proportion of latewood,

also observed by Denne (1985). Trees at Localities 11 and III had an earlier onset

of dormancy and comparatively less latewood than their counterparts at Locality I

(Table 4). The 7- and 13-years-old trees at Locality I had wider growth rings (likely

also indicating more rapid growth) than their counterparts at other localities. This

may be due to the influence of variations in environmental factors , especially a higher

rainfall and soil conditions (teak is known to grow faster at Locality I due to the well

drained alluvial soil), and also due to differences in the genetic constitution of the

trees.

CONCLUSIONS

From the results of the present study, we draw the following conclusions:

I) Rainfall influences cambial activity in teak; pre-monsoon showers break cambial

dormancy, and higher rainfall contributes to a greater amount of wood formation.

2) Irrespective of age and locality, after cambial reactivation during March-April, a

peak period of cambial activity occurs during June-July, when the cambium has

15-20 layers, coinciding with the highest amount of rainfall of the year in South

India.

3) Juvenile teak trees in irrigated plantations tend to produce diffuse-porous wood

during the first 3-4 years of growth in contrast to the ring porosity displayed even

in the first year of growth in the unirrigated (control) plantation.

4) Cambial periodicity in teak is influenced by tree age, as seen by the marked differ

ences in seasonal activity betweenjuvenile and mature trees. Juvenile (7- and 13

years-old) trees have a shorter dormancy period than mature (20- and 40-years

old) trees.

5) Wider rings, with a higher percentage of latewood, in 7- and 13-years-old trees are

partially attributable to a prolonged period of cambial activity in juvenile trees .
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